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Department, of Anatomy at the Unuersity of Minnesota In 1911 he
became o member of the staff of the Department of Pathology and i
1921 was named Director of the Deportment He became Professor
E n 1949 Although hus fis are broad he has
Tong concerned himself especially uith kudney diseoses and hyperten

ston His numerous scientific publications tnclude tuwo bool s Textbook
of Pathology and Renal Diseases
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Bexsarux J Craweon was born in Dixontille Pennsylianie n 1881
He recewed ks Bachelor of Science degree and his Vaster of Arts
degree from the Unmversity of Kansas m 1909 and 1911 Tespectiely
havng magered wn b logy He tanght bucterolopy at the Ohla
homa Agneultural and Mechanical College from 1911 ta 1912 and at
the Un versity of Kansas from 1912 to 1917 Ie studied medicne dur
g summer sexsons and during o leave of absence from the Unwversity
of Kansas and recerved his Doctor of Medicine degree from Rush,
Medical College 1n 1917 e was a member of the faculty of the Um
Z:;;y of Chm:g‘; unt;’l 1919 when he recered ks Doctor of Philoso
egree tn bactenolo,
ehoeqree n Umurm;{;;é\i professor of pathology and bactenology

orth Dakota from 1919 1o 1921 chen he




came to the Unwersity of Minnesota Department of Pathology e
was named full Professor in 1927 and Professor Ementus i 1949 He
18 the author of numerous scientefic papers, most of them concerned
wnth eardiovascular diseases

Dr George E Fahr

Groree E Faur was born in Meadvdle Pennsylvama in 1882 He
7 d hss Bachelor of § deqree from the Unwersity of Chicago
w1904 Except for one year spent at Johns Hopl ins University Med:
cal School, his undergraduate medical school years were spent wn
Germony and he recewed his Doctor of Medicine degree from the
Unwersity of Wurzburg i 1909 He was o member of the Department
of Physiology in the Unwersity of Wurzburg from 1907 to 1910 and
at the Umversity of Leyden from 1911 to 1913 Thereafter he studied
m Bad Navhevn Bern and Basle He returned to the United States
1 1916 as resident physician at Montefiore Hospital New }orl City
Service in the Unversity of Michigan Medical School Umted States
Army Medical Corps, and the Unwersity of Wisconsin Medreal School
followed and n 1921 ke came to the Uniwersity of Minnesota In 1926
he was named Chief of the Medical Service at Minneapols General
Hospital and 1n 1927 was made jull Professor Professor Ementus
since June 1950 he 1 still adding to us many contrbutions w the
field of cardiovascular disease
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Greetings and a Word of Explanation

ce & visscmeR It s always a prvilege for o student to
h::; ::\A :;:mttumty to pay tnbute to s leachers‘ In the aggregate
the three of our beloved coll whom we are for therr
services fo the University of Minnesota and to science particularly 1n
the field of cardiovascular diseases have spent a total of 95 years i
thus wstitution T am especially happy to be able to open this fisst
meeting of the symp on the prot of hvp because
1 feel 1t 18 o real privilege to be able to say Thank you 1o three of
my most stumulatmg teachers Twenty eight vears ago 1 began learn
g not only about byp ‘but sbout pathol 1 physiology
1m geners! under Dr Bell and Dr Clawson Twenty seven years ago
1 began learmng about the law of the heart and related phenomena
from Dr Fahr You czn well imagine then the pleasure 2 s for me
o tabe patt 1 hononng these three Minnesota scholars

Dean Harald § Dichl will speal. on behall of the faculty of the
Medical Schaol and for the Univernty Admimustration

bR makod s piemL Before extending the grectings of the waedieal
faculty there are one or two brief expl about thus conf
that I should bike to make In the first place T must admit that al
though I am first on the program the 1dea for lhis symposium did
not ongmate with me I wish 1t had for it 15 an excellent one It
onginated with Dr Cecl I Watson My part 1 1, after 1t had been
suggested was to appownt 2 commitlee of Dr George Asgaard and
Br Watson who with the advice of Dr Bell Dr Clawson Dr Fahr
and Dr Visscher made the arrangements for the program

The orly other part that I gs dean had m this symposium was to
fod the Snancial support needed for st—a usual function of deans
And that proved to be & sumple task Not only did President Morrill
say that the University of Mmnssota would be glad to support a
symposium of this sort The affiewnls of the Mayo Foundstion for

s






by HARRY GOLDBLATT

Anatomcal Considerations of Hypertension

Ir 1s a great hosor and prvilege o be the fiest spealer on this
symposium arranged 10 ouor of three great men of medicine for whor
T hase the highest Tegard

Many years before the exstence of o hypertensne state n the
yascular system of man was first secognuzed the avatomicsl changes
1t the Blood vessels frequently found assocated with this condition
had afready been the subject of exhaustsve study It seems defimutely
m order therefore thst s d of these

11 changes

1

wpit, veeatse 1 ey pathologsts who first studsed the anatomical
aiferitions accompanying this condition M awn reason for choos
g this topie was that the basis of our work on the cxperimentsl pro-
Jacteon of hypertension 1n animals was 10 part at least, anatomics)
Hfad I Laawn that Dr Bell ant of the three men bemng honored on
s oceasion would partieipate 1n this program and choose this tepic
also as the subject of hus tall T certawly should have picked some
other subect but 1 did ot hnow this uated I recerved a printed copy
ol the program In the arcumstances I can only hape that because
qur views about the pathog: of hyp are diff and
‘becanse T shall stress the evpertmental pomnt of vew there will not
be too mauch overlapping and repefition 1 our sepirate presentations

hstorseal
Beforr the existence of any form of hypertension had become known
and mdeed even before the laod pressure of man had eser been
measured the large beavy heart of the hypertensive person had al
ready been observed and described Iz 2886 Ruchard Brght (U, »
elitician but also & careful observer at the anfopsy table poblshed ius
view that some of the large heavy hearts of hug patietts with renal
5



4 A Symposum on Hypertension

Medical Education and Research said they too should welcome the
epportumty, as did also the officers of the Variety Club of the North
west~—the orgamzation that has provided funds for the Special Heart
Hosptal, winch 1 hope you will see On behalf of the Unersity, T wish
to express our gratitude to these orgamzations for ther generous aid

I should like to add 4 word to what Dr Visscher has said about the
function of this symposium 1n hononng the three distinguished mem
bers of our medical faculty who have changed to ementus status dur
mg the past vear Thev have all been leading and key figures 1n the
development of our medical school for more than 2 quarter of a cen
tury Individually as well as collectivels, they have been disingmshed
scholars and scienbists 1n their own nght They have been stimulating
teachers to both graduates and undergraduates They have showed
a Tare capaoty to stunulate young men to do ongimal seentific work
Interestingly enough, the major field of all three has been cardio
vascular disease Dr Bell s research has been directed primanly to
ward hypertension and hidney disease Dr Clawson’s toward rheu
mabie Jever and endocardibis of vamous types, and Dr Fahrs toward
the normal and pathological physiology of the heart and airculation
A symposizm on the problems of hy pertension seems therefore, a most
nppropnate way of paying tribute to them and their work

Speahing for the medical frculty I want to sav that we are very
much pleased by the attendance at this symposium We are honored
to have i the audience so many distingmished guests who themselves
have done outstanding work 1 the field of hvpertension We are glad
that so many alert and interested practitioners of medicine are here
for these are the men who must take to the patient and to the bedside
the advances made n the laborators and chime We hope you will find
these three days both imteresting and pleasant

bR visscnER Bv wav of mtroduction I should hike to make a few
addibional remarks about the method we want to use i carrying out
this symposium  Our specially invited guests will present their papers
from the platform We hope however that after the papers have been
grven there nill be discussion from the floor After each presentation
or sometimes after two presentations, where 1t seems appropnate to
consider two together, we shall open up 2 perod for questions and
comments We feel that this sympostum 1s not sumply an opportunzty
to summanze exising hnowledge with regard to hypertension and
1ts problems It 15 also an opportunity to point the way toward future
research—research that may solve many of the problems that will
still be unsolved at the end of our three d1ys discussion
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senbed fibroys 1 the media without stenosts of the lumen or thicken
g of the wall

The Relationship of Hypertennon to Vascular Duscase
and Renal Vascular Disease

As soon as the bypertensive state was fully recogized those who
bad begun to theorize about the ongin of the devated Blood pressure
and of the vascular disease were drvided im their opinvons about which
comes first s the myolsement of the kudneys part of the generahized
<ascular disease snd what part of snv does the disease of the adness
play in the onygn of the hypertension® We stll seem 10 be wn the same
state of uncertainty

From the time when Jores (8) fisst clearly differentisted mflam
matory from vasoular disease of the ludneys there has never been
murh doubt about the renal ongin of the hypertension which accom
panses the development of nflammation of the hadneys The same mav
be said now of & pumber of other known pnmary abnormalities of the
odneys that are sssoaisted with hypertension Al.o, s nost rensl ongin
of the hypertension accompsnying diseases of the endocnine pegars
such 85 pheachromocytoma of the adrenal and basophilic adenoma
or basgphiltsm of the Tatuitary 18 now generally accepted But the
bane of contention still 13 the nature of the relabionship of vascular
dlse:se and espeeially of artersal gnd arterolar scleross of the kd
ney$ or true nephrosclerosis, to the |
PRARA  to the hyp 50 frequentls found

Afthough 1t 13 generally recogmized that vascular disease of the kod
neys leads to nephrosclerons thay ss, to the scarred kidney so
monly found 1 cases of bemge essentral hyperfension yet des, 1"‘:1]
the work that has been done on the subject 1t 13 still not firm! N e
Iished whether the hypertension pr the yenal vascular dlseasi ef;u
%rs\ “The main reason Jor 2}1;_; difficulty 1s that m bemign cs:ex:::

yp e by 1 fy m
wated with any imparment of th 7 unasso
by cimcal aboratory metheds ';!::nf: ;I::E ‘rv:ty;ul‘;wlm detetabe
hat the hypertension may precede by some“:lme th ydsomc o mean
th; ngm\c wascular dizease an the Tudney @ the development of

1
been :ﬂ“ﬂ:: g:ifc:f“lhtgsf !‘ix:ove Although ¥ far ane have always
5 behieve that the renal !

precedes the establst vastdlar disease

of thy d b
it yei X have never demed S e by

th wil
bypertenstion such as the p ¢ posaile evistence of other types

th
urely endo: o
ermogenie the payeho-neure



6 A Symposium on Hypertension

disease were not the result of mtrinsic heart disease Without knowing
anything about the blood pressure of man, he concluded that there
was a direct relationship between renal disease and large heavy hearts,
and he came close to the recogmtion of the nltimate canse of the hy per
trophy of these hearts By recogmizing the probable existence of 1n
creased resistance to the flow of blood through the peripheral blood
vessels, he came about as close as we are today o the recogmtion of
the primary cause of the elevated blood pressure which we now con
sider the cause of the cardiac hvpertrophy He even concluded that
the renal d was responsible for the p of some ch 11
the blood which was responsible for the cardiac hypertrophy, but he
thought that 1t had a direct effect on the cardinc muscle

Bright hnew little or nothing about arteriosclerosts, nor did John
son (2), who mn 1868 recogmzed the existence of thick walled artertes,
both large and small but who did not recogmze the arterosclerohic
nature of the thichemng and thought that 1t was due entirely to hyper-
trophy of the muscular coats This condition he considered secondary
to the Bnght’s disease and believed that, when diffuse such a thick
enmg (hypertrophy of the medm) of the blood vessels could con
stitute a basis for nereased peripheral vascular resistance Wade
spread organic disease of the arterioles was actually described i 1872
by Gull nnd Sutton (3), who called it * arterio capillary fibrosis® and
concluded that it was a primary, organic, pathologic basis for increased
peripheral vascular resistance They regarded this vascular disease as
idependent of renal disease and thought that the pathologic changes
mn the hidneys of Bright's disease especially the contracted kidneys,
were “but a part of a general morbid condition  The chnical observa
tions of Mahomed, 1n that same peniod, led him to the view that high
blood pressure precedes the development of any chmeal signs of
Bright's disease

Cvans (4) m 1921 combined the observations of Johnson and of
Gull and Sutton and described diffuse hyperplastic sclerosis, which
he found most commonly n the hidney e regarded the lesion as a
mamfestation of active mflammation and on the basis of physiologieal
response differentiated 1t from semle arterioselerosis He failed to ob
serve any changes in the muscles Kernohan, Anderson, and Keith (5)
however, in 1020 did describe stenosis of the artenoles due to hy per
trophy of the media and thickenmg of the mtima 1 the muscles of
vpertensive persons Degenerative artenolar lesions were also found
1n the muscles of a high percentage of hvpertensive persons by Seott,
Seecof and Hill (6) m 1933 and by Andrus (7) mn 1936 who de
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2 way smulating the presumed airculatory disturbance m\‘ﬂ;e l;;p\h;
selerotig hadney would go a long way toward proving tha! “d i "
\uve artenal and artenolar scletosis of the Ladneys does P“{e © “‘
sctually determines the development of the hypertension 1t seentec
duchion of tent ntal renal
to me also that if the p 7 8) reed
hypertension was ot followed by the development of generalt
artensl and axtenolar sclerosis then it would be fair to conclude that
the vaseular duease whatever may be its cause comes first and that
the hypertension develops only when the Kiduess are also myohved
Tiell as you all know expenimental hy pertension wathout accom
panying renal excretory functional disturbance was produced by eon
striction of the mam renal artepies (15) and generahzed arienal and
arterolar scierosis thd ot develop 1 the atumals even sfier seven
years of peraistent hypertension (14) but despite these findings 1t
has wot heen generalfy sccepted that the vaseulsr disease comes first
Why? (1) Because m some human bengs and in <ome amumals with
hypertension impaired renal blood flow has not been demonstrated
{2} Because perfusion of some of the hdnevs of by perteasnes at
autopsy has failed to show a reduction 1n the flon through those
Soderys {8) Because <ome ohservers have fuled to find sigmficant
+ascular disease m small biopsy specimens of the cortex of the Lidaevs
of some human hypertensnes
1 question the significance of the falust to find (by indurect
metbods) a stanstically decreased blood flow through the hidnev i
an occanional hypertens ve person or ammal becauce in man at lea t
e prehypertensive renal blood Aow of such indsviduals 18 not known
T also question the value of wost of the perfustan experiments per
formed on the badney after death because 1 doubt that they really
reflect what happens n Wfe and most of the perfusion flnyds hase
;:;:“enh:el;e dlﬂierent from blood both chemeally and phy sically
e e e o e et o e
axtion o & s Sogument s e on e istological eomn
should ke agment kar the penphery of the cortex One
x:uy (eep m mund that o\;:x\erame sclerosis of one large mtearenal
arter, never seen
conateentle h:m:d ;n :::2 d::f:xs b;ﬁ:‘mss o ;‘asﬂv account for
pied by a large v mber of au 3 2 put of the Wdney sur
wnly afew
for great &
omerular artendles mght wot sh;:vum‘z;:;xuﬁé;ﬁzr::\tf : “sgc{le he pre
Such kidnevs are not race We now hnow that a reducho:u:;‘ fhe
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geme, and other forms I have even accepted the custence of a labie
or intermittent type of hypertension, on the basis of simple vaso
motor mstabihty, which could be calied 2 prehypertensive state, with
out necessarily implying that thus pre existent clevation of the blood
pressure plays any part m the develop of g lized vascular
disease or nephrosclerasis There 15 no reason why some persons with
this type of disturbance of the blood pressure should not also develop
renal vascular disease and consequent persistent hypertension, while
others continue to have only the vasomotor mstability It scems, how
ever, that many develop hypertension without ever gong through
this preliminary phase

The vieus of others Although Volhard (0) always contended that
the malignant type of hypertension, charactenized by impared renal
excretion and elevated blood pressure, 15 of renal ongm, yet he, too,
refused to accept the bemgn phase of essential hypertension as being
of renal engim and considered that nephrosclerosis 1s merelv part of o
primary diffuse vascular disense which causes hypertension 1t 13
true that studies by Fishberg (10), by Bell and Clawson (11) and
by Montz and Oldt (12), indicate the almost invamable presence, at
autopsy of pronounced vascular disease of the hidneys i cases of
human essential hypertension but the cntism usually made of
these studies 15 that the mvestigators were dealing with the end stage
of the condition when the presence of vascular disease n the hidnes
did not necessanly mean that st preceded the development of hyper
tension As a matter of fact, Bell and Clawson, although they admit
that some forms of hypertension are of renal origin still terpret
therr own findings 25 indicating that the hypertension assoctated with
vascular disease 15 primary —not of renal ongin-—and actually the
cause of the artertolar selerosis in the kidneys as well as in the rest
of the body On the other hand, Moutz and Oldt, who found that the
madence of vascular disease in the hidnev 1s much greater than
any other organ, nferred that either the hidney must be more vul
nerable than all other organs to the effect of hvpertension (and they
found no evidence to support this) or the hy pertension does not oceur
unless and untll the hidneys are affected by the sascular disease Thes
came to the latter conclusion which comncides with my own view

The author & expenments and vieus Before our attempt to produce
hvpertension 1 anmmals was made, I was hopeful enough to believe
that the expenmental production of hypertension without an ac
companyng disturbance of the renal excretory function by a method
which produces interference with the hemody namics of the kidney 1
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1o & few rats that had pronounced renal exeretory wsufficiency a3 well
as hypertension Sobin and Landis (16) faled to produce either ar
tenolosclesoss exteriolar necrosts or hypertension in ammals subjected
to prolonged cholme deficiency This was because they did pot hit
upon the method of a bref period of choline deficrency followed by &
long peniod on the normal diet

The contribution of Hartroft and Best 13 an important. clue to be
followed up asuiduously because it may possibly lead to the discovery
of the cause of by alimzing artenolosclerosis n human benga Tthas al
ways seemed probable to me that a dietary abnormality either o
deficiency or an excess of one or more constituents mght be found
respansible for the deselopment of artenial and of artenolar sdeross
The fact that the animals with renal srtenoclosclerous alse descloped
bhypertension 18 of the greatest interest because it points dwrectly to
the tenal otigin of the hypertension that occurs after the development
of vascular disease It 13 of great interest also that the only animals
that developed fibrinoid mecrosis of the arteroles were those with
pronounced renal excretory insufficiency accompanying the hyper
tenson This 13 certanly tn Leeping with our own findings i dogs with
expenumental hypertension due to constrction of the main renal arter
tes All of the experimental evidence points direetly to the probabiity
that the artenal and arteniolar sclerosis of the bemgn phase of essen
tul byperiension 15 primary and precedes the devdlopment of the
elevated blood pressure aud that the artenolat necroms of the mabg
nant phase 15 secondary and frequently a terminal mamfestation

The nature and ongm of srterloselerosts Much of the difficulty
mvotved in the whole problem of the pathogeness of essential hyper
tension 13 the lack of knowledge of the nature snd orign of obliterative
:l"ml and srterolar sclerosis Although hyahmzing artenclosclerosis
s:;’::) :‘: o;ht;:e ;X;:rpllolt)gxc resemblance to swaple wtimal srteso-

Ber arleries yeb it kag been pretty generally ac

cepted that 1t 13 nesertheless the counterpa:
vt of
tenal prolferation and athe; e g e thdar

romatosis of the larger arte; Th
o mies This 1s
based | great part on the fact that some tan 21 Yeposits can be

t that prolifs o

R @+ #ud colisborators (17) may
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size of the onfice of one renal artery, due to sclerosis 1 the wall of
the aorta at the site of onigin of the renal artery, or 1n the main renal
arterv atself, or a congemtally small onfice of only cne mam renal
attery with a correspondingly small mam renal arterv and a hypo
plastic hdney, or obliterative seletosis or arteritis of any portion of
a man renal artery or of the large mntrarenal branches or anesrysm
(true or dissecting), or hinking embolism, or thrombosis of & mam
renal arterv, and even compression and constriction of the mam renal
artery by neoplasm may "Ml produce the intrarenal hemodynamie
effects of mtrarenal vascular disease and account for hemodynamie
disturbanee 1 the hadney sufficient to induce the development of
clevated blood pressure Certunly none of these conditions can ever
be detected by the examination of a small fragment from the periph
ery of the cortex of a hidney, but the return of the blood pressure
to normal after the exaision of such a hidney (provided the other
kidney 1s normal) mdicates that the umlateral renal disease was the
cause of the hypertension

Vascular Disease The Lesions of the Bengn and Mahgnant
Phases of Lssential Hypertension

Many s estigators have confused the hyalmizing process of the
artenoles, seen 1 the bemgn phase, with the necrosis and necrotizing
arteriolitis that charactenize the mahgnant phase There should be no
such confusion Artenolar necrosis especially when observed m ex
persmental hypertension, has often been referred to erroncously as
arteriolosclerosis There 15 no good reason for accepting the view that
arteriolar necrosis 15 merely an exaggeration of artemolar sclerosis
Anyone who has observed the development of the most pronounced
necrosis of the arterioles and of necrotizing arteriohitis 1 48 hours,
or even less, after constriction of the main renal arterses 1n o previous
1y normal ammal with presumably normal arterioles will be convinced
that necrosis and sclerosis of the artenoles are two differcnt processes

The nearest thing to bemgn hyalmizing artenclar sclerosis that has
been produced expenmentally 1s the vascular disease that was ob
served by Hartroft and Best (15) in rots that had been subjected
m early life to a brief period (not more than 2 week) of choline defi
ciency and then returned to a normal diet Those ammals that sur
vived and grew well after they were returned to the normal diet
gradually developed hypertension and at autopsy had the hyalimz
1og leston of the artenoles Martroft and Best also observed fibrinod
necrosis of the arterioles Iihe that of the mahgnant phase but only
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between the end stage of the healing process of penartentis nodosa
and obliterative artenosch Uy of the type without sther
omatous mbimal deposits and calefication One cannot help wonder
g whether, 1 ome cases at least the two have not been confused
Mach work stil remauns to be done on this subject for the purpose of
elusdating the possible relationship between these two conditions
The probabulsty that they are closely related 15 not great for a
pumber of reasons In the first place the occurrence of definitely recog
mzable acute or subacute pemarteritis nodoca in mdniduals with

hypertennon 13 infrequent It can be said with certamty, therefore
thatmm n #le b bee o = -« -

for the
dog Tn

'
1 these only in the large branches of the coronary arteries In the
second place the healing stage of penartentis nodosa does show defi

nite morphologic differences from simple wmhimal artenoselerosis the
most stnking ones bemg the seamng of the media which 15 not 2
common accompamment of simple mtimal artenosclerosis There 13
also much less elastous 1n penartentis nodost than there 1s 1n arteng-
scleros1s As a matter of fact even Dorothy Loomis spoke mostly of
the destruction of the elastica m penartenitis nodosa but because she
observed a few larger vessels with elastosts she attnbuted this 1o the
kealing of the wlammatary process of perartentis nodosa mstead of

concluding that these vessels were also the seal of simntn wt ~ T
- P

w Lual are tne seat of penartentis nodosa
yetitis situated mamly at the site of the degenerating mternal sle + ~
laming whe o a =

also preser

within farg

ferent frov

© pv 3 wulu m smple wtimal artenoselerosts

The unusual susceptibility of the rat and rabbit to perartentys

nodosa may yet prove to have been merely a source of confusion

?rs}‘:ec;auy w relation 1o the vascular changes of the malignant phase
e latter mnvolves a decision whether the n

terotezing leson of

smallest grtenioles 15 1dentical with o ol
erarter

leston of the mal . v

A typical
phase 18 charact d
wvecrosts of the artenole~—just g naled either by
net
with slight penvascular nfiltrat of SOL;Z“:: vessel—or by necroms

b
polymarphonyclear leucocytes but not with pmﬁrer;!;c; z;“dt}x‘: Le:
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Perartentis nodosa A matter that requres clarification 1s the ques
tion of the identity of panvasculbis (pemarteriis nodosa) and the
necrotizing lesion of the arterioles seen 1n the malignant phase of
essential hvpertension The accurrence of pemartenitis m the contra
lateral hidney and especially 1n other sites mn rats with hy pertension
s a result, of constriction of only one main yenal artery, as well as
rats, espeenlly unilaterallv nephrectormzed ones, treated with desoxy
corticosterone acetate and a tigh salt diet (Selye and collabarators,
18), has brought this question to the fore The work of Looms (19),
m Dr Olnver's Inboratory, has focused attention on the possible sigmfi
cance of the absorption of breakdown products of mfarcted, neerotic
renal substance i the pathogenesis of this type of vascular lesion
The studies of Holman (20) with uranyl mtrate and mercune chlonde,
becnuse of the hnown necrobiotic effects of these chemicals on renal
parenchvma, tend in the same direction As a matter of fact, many
vears earlier Dominguez (21) nlso studied the effect of uranyl mitrate
on the vascular system of rabbats It 15 interesting that s dogs Holmnn
observed necrotizing arteritis only 1n the heart and lung whereas m
rabbits Dommgnez obsersed d tion, Jud leification but
not pemnrtentis nodosa, even in | the smaller nrtenes and artenoles of
many organs, especially the kidney, with atrophv of the hidney and
with hy pertension in at least one of his ammals He attnbuted ail these
lesions to the direct effects of the poison Yet Cromartie (22) who in
duced the development of hypertension i rits by the perinephntis
method reported the development of pemartenitis nodosa m mang
organs, presumably as a direct result of hspertension There was no
necrosis 1n the hidneys

Dr Taha Bal and T (23) have been worhing on this subject for
more than a year dumng which time we have studied more than 500
rats We can certamnly confirm the development of penartenitis nodosn
m many rats with hy pertension from umtateral renal sschemis, but we
can also assert without equiyocation, that massive necrosis from in
farction of the rennl tissue 1s not a necessary condition for the develop
ment of these lestons The work of Selye (18) with Ius so called endo
erine kadney 1s 1n complete accord with our view This does not exclude
parenchymatous degeneration of the hadnes from plagmg a part m
tis phenomenon

We hase been greatly interested 1n the healing process of penarter
1bis nodosa Although the acute and subteute stages are easdly and
defimtely distingwishable from simple intimal arterosclerasis yet we
have become convinced that there 1s at least a superficrl resemblance
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lesions There are those who hotd the view that in man hypertension
per st 15 u suficient Bition for the production of artenal and
arterclar sdlerosis (24) The best example of artenosclerosis pre-
sumably caused by hypertension slone 15 the unusual amount of
sclerous seen 1n the pulmonic artery 1n association with chromic mitral
senoss It 1s suppased that the stretching of the thin walled bleod
vessel by reason of the hypertension 1 the lesser erculation 15 the
direct cause of the pathologie change but this can hardly be regarded
as proved and other conditions even the chemical state of the blood
12 this vessel must be taken wmto consideration Phlcbosclerosis 1s
usually mentioned as another example of the effect of hvpertension
slone on & blood vessel but again other conditions such as stasis and
the consequent chemical state of the blood cannet be ignored On the
cantraty, I have faled to find convinong reports of simple intimal
arteriosclerosis 1 the vascular tree proximal to aorhic coarctabion in
young persons 1z whom such a degree of artenosclerosis could not be
expected under ordinary conditions ‘The vessels are large and thieh

to be sure by reason of hypertrophy of the media, but they are not
sclerotic Surularly I have failed to find o convineing report of sumple
mtmal arteriosclerosss n a young person with pheochromocytoma of
the adrepal yet such persons frequently have the ghest blood pres

sures ever recorded and 1t may even be of the persistent type Thus
at least two pathologic conditions which 1n man are usually associated
with hypertension without renal disease fail to afford anv evidence
that elesated blood pressure alone may cause srienosclerosis

The Sigmficance of Hypertenmon Alone 1n the Development of
Vascular Lesions s Expensmental Hypertennon
Ezperimental tenal hypertension Many mvestigators of expen
mental hypertension have held the view that elevated blood pressure
alone 15 2 suff d for the det of experimental
scleross and neerosis and 1 endence has bee
adduced for this view How well this evidence will stand the test ol;
ume remams to be seen Wilson and Prckening (25), for example al
though they did not study renal excretory function 1n most ‘; tha
2mmsals still determuned that 1 xabbits either with one kxd(;e .
I:)unvst: ::(!] u;: :;::xan ﬂx:nﬁ} )u!er} c:;ns t{lcted or with both renal nn’;r::s
28] lesions developed str.
';!flf:i ::atb:h mahg‘:;m\ phase m manp ind thuecym::gc);\:gzgugzl\tmﬂ:t
s the res
lator stnty S :;dth‘: y:l‘s:d(;x;;mcamml Pressure alone In g
=) came to a simflar conclusion
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ventitia or diffuse Iy mphocy tic infiltration of the wall The distingwish
mg conditions are as follows Pertartentis nodosa occurs naturally 1
old, presumably otherwise norma), rats, while the malignant artenolar
fesions do not occur naturally m voung or old rats As a matter of fact,
although the old rats are referred to ns normal, yet the moadence of
by dronephrosis, focal interststial nephntis, and artenosclerosis m such
rats 13 great, so that the connection with renal disease 1s still there
Perartenitis nodosa occurs with no greater frequency m young anunals
with elevated blood pressure, without wnparment of rensl exeretion,
than mn old rats with normal blood pressure Table 1 however, shows
that the occurrence of penartentis nodosa 1s much greater . soung
and old rats with elevated blood pressure and renal excretory nsuffi
ciency, as mdicated by elevated blood creatinine, than m those with
normal blood pressure and normal renal function The defimtely
greater ncidence of mahgnant vascular lesions than of pemartentic
lesions mn such anumals 3s at least an sndication that although they
may oceur together, 3 et the two may not be identical and perhaps not
even caused by the same condition It )3 my earnest hope that the
discussion will help to clear up some of these problems

The effect of hypertension clone 1n the pathogeness of vaseular

Taste 1 The Occurrence of Penartentis Nodosa and of Artenofar Necrosts in Rats
with Frpenmental Renal Hypertension with or without Uremia®

Penartentis
Nodosa and
P, 4 A \] Art y!
Nodo<a Necrosis Necrosis
Normal blaod pressure
normal creatinine left kid
ney uschemic (37 rats) 10.8% (= 4 rats) o ]
Elevated blood pressure
normal crestimne leftJad
ney ischemic {92 rats) 1087 (=10 rats) [ [}
Elevated blood pressure
elevated crestinme left.
kudney 1schemic nght
Xdney hydronephrotie
{31 ratsy 419% (=18 rats) 615% (=20rmats) 2585 (=8rats)

*1n the three groups the morta was contncted between the ompuas of both man
rena) artenes Perartentis occurred with the same frequency 12 the two groups that
showed no ;mpmirment of renal excretory fanchion with or without hypertension The
sneidence of penartenns nodoss 15 much greater in the group with hypertension and
senal functional mpsirment In this group the madence of arlenolar necrous was
grester than the madence of penartentis nodoss
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Pilateral nephrectomy w voscular disease Frmally theress the work
of Timtermtz (29), of Holman (30), and of Groliman and collsbo-
rators (31) on the vascular chauges m ammals with bilsteral nephrec
tomy Grollman and s eollaborators demonstrated that i nephrec
toruzed dogs treated with eithes cross transfustotl, peritoneal lavage
or ihe artsfinal bidney an elevation m blood pressure may develop
The ammals alsa had profound azotemia At sutopsy the mvesth
gators found pathologic changes which they interpreted as character
sshie of mahgnant hypertension 1n such animals I have scen come of
these sectsons and although 1 most of them the pathologie changes in
the blood vessels were not typical of the malignant lesion usually seen
10 dogs with boths renal avtenes constricted to excess yet m some there
were undoubtediy lesions of the artenoles charattenzed by necroms
of the wall and extravasation of blood into the wall tvpcal of the
mabgoant phase of experimental renal hypertension It must be ze
membered  however that these ammals were not just bilaterail
nephrectotmized ammals They were tregted bilaterally nephrectomzed
anmmals and they were both hypertensive and azotemic The exact
cause of the elevated blood pressure 15 not known bat there s at
feast a reasonable posybiity that st was plethoric n ongin No de
termmations of the blood volume or of the amount of tissue fnd

were goen m the pubhieation What the sjgnificance of all this work
will prose to be remams to be seen

Patholome Changes m Special Organs
The heart Little new has becn learned m recent 3 ears about cardiac
hypertrophy one of the classical snatomical manifestations of the
hypertensive state Thiz condition also deselops m ammals with ex
penmental ven T oo

There 1 certamly no evidente on the basis of the worh on expent
mental rsnal hypertension for accepting the general \tes that coronary
arten Ba of by though

q P gh 1t mast b
:dn:mezi hthat it oceurs with greater frequency and seyenty i hy;ete
enstve tnan i normotensive human bemgs Cert.
assert that hy 1“a SSATY gﬁ fu‘:’:l{’e' -’m ?ne .
of coronary arteriasclers 33 for cvere <oronary arteno:
m persons with normal blood

sclerosss ogeurs
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based upon a study carned out on rats In these ammals the only
tests of renal exeretory function were deternunations of blood urea
in some of the ammals Tt 15 interesting to note that many rats with
the laghest blood pressures they recorded but without renal cxeretory
insufficiency, had no vascular lesions Despite this, howeyver, the m
veshgators concluded that elesated blood pressure alone 15 a suff
cint conthtion for the determination of these vascular lesions The
reasoning 1s not clear

Funally, Byrom and Dodson (27) recently reported the production
of typical necrotic artenoles and necrotizing arteriolitis i the hidneys
of normal rats subjected simply to the forcible wmjection of Ringer's
solution under pressure through onc carotid artery (about 15 times
m quick succession) mto the svstemue circulation When the ammals
were killed several days later, some showed vascular lesions From this
they concluded that mcreased intray ascular tension alone 1 directly
concerned 1 ciusing arteniolar necrosis mn 2 hypertensive ammal and
by mference, n human hvpertensises They found that nesther uremea
nor towe absorphion from mjured renal hissues was o constant or
necessary fictor in the process but suggested that erther one mag
possibly facihitate the production of these lesions They even went so
far as to reacon, teleologically  that the lesions probably represent
a vigorous attempt to reparr 1 threatened breach due to local death
and lysis of over stretehed medial muscle fibres m the terminal arteries
and artemoles  Their ddea 1s that bnef arbifimal distention of the
artenal tree 1 normal rats ctuses the typical focal arterolar necrosts
the smaller artenies of the hidney being selectively vuinerable and
that the same procedure causes more widespread but transient foeal
spasms of the small renal arteries No one, so far has pubhished a refu
tation or confirmation of this worh and 1t should be hept n mind that
1t deals with the pathogencsis of artenolar necrosis and not artersolar
sclerosis

Neurogeme hypertension I have had the opportumty of studying
the tissues from our own and other dogs with neurogenie hvpertension
on the basis of exasion of the carotid sinuses and a section of the
aortic depressor nerves but in none did T observe arterinl or arteriolar
sclerosts or necrosis, although some of the dogs had had tlus type of
hypertension for more than two vears I have never lewrned whether
the rats i which Visscher and hus collaborators (28) produced hyper-
tension by exogenous neurogenic stimuli developed yascular lesions
or if they did what the nature of these lesions was The end result
of thic experiment would be of great mterest
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Buateral nephrectomy maoseular duease Eamally there xsd thc‘;\'ll)’r(t
of Wintermiz (20) of Holman (30) mnd ot Grollman and col ;
rators (31) on the vaseudar changes i amumals with bilateral nephrec
tomy Groiman sud hus collsh 3 ted that in nephree
tomuzed dogs treated with either cross transfusion pentoneal Javage
or the arbfioal kidney an elevation 1 blood pressure may develop
The anmals b0 had profound azotemiz At autopsy, the invest
gators found pathologic changes which they iterpreted 23 character
e of maligeant hypertension 1n such swmals 1 have seen <ome of
Yhese sections and although 1n fost of ther the pathologic changes i
the biood 1 essels swerg not typical of the malignint lesion usually seun
1n dogs with both renal arteries constricted to exeess et 1n sowme there
were undoubtedly lestans of the arterioles charactenzed by necrosis
of the woll and extravasation of blood into the wall tvpieal of the
lignant pha e of exp tal renal hypert 1t must be re
membered however that these anmals were not Just biateralh
vephreetomized animals They were treated bilateralls nepbrectomyzed
ammals and thes were both hvpertensive and azotemic The esact
cawse of the elivated blood pressure 1s not hrown but there 33 ot
Teast a reasonable possibity that 2t was plethonie 1n ongin Do de-
termmnations of the blood volume or of the amount ol tissue Pmd

were grien in the publ TWhat the 5 of all thes work
will prove to be remams to be <een

Pathologic Changes in Special Qrgans
The beart Lattle new has been learned w vecent years sbhout cordiae
bypertophy one of the clagsical anatomical mamfestations of the
hvpertensue state [hus condition also develops i ammals with es
Permental renal hepertension especially in the rat and rabbt n
whieh 1t oceurs rapudly and 1 which 1t has been used as 2 measure of
bypertension

There 13 certainly wo evidence op the basis of the work on expen
iental renal hypertension for actepting the general v1ew

that corona
::;n: clerosts 18 a consequence of hypertensian although 1t must P:yc
wm:‘ :e:lhthat‘ L oreuss sl grevter frequency apd seventy hyper
s \h:\:“!‘x n :wmolensnc humas beings Certamnly o one £an
prolii \;1:: BASION 18 & necessary condition tor the dey elopment
4 mmnzy Y:n ;nﬂsclemm for severe coronary arterosclerong oceurs
—— mmw;x:mat blood pressure and nothung resembling true
i 018 has been observed dogs with perystent
nimental renal hypertension f the beatern tvne o

e Y o o e
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of hypertension Penartentis nodosa has been found in the coronary
arteries as well asn the arteries of other organs 1n human beings and
1 dogs with normal or elevated blood pressure

The adrenals Simple or nodular hyperplasia and even true adenoma
of the adrenal cortex have been reported m assocation with human
essential hvpertension (82) These findings have not been widely
confirmed (33) In our own experience, at the Institute of Pathology,
Western Reserve University, these changes were by no means a con
stant finding at autopsy in cases of essential hypertenston It remains
1o be seen what sigmficance 15 to be attached to these alterations
Turther studies of cortical hormones may help to clear up this matter
It 15 now generally accepted that pheochromocytoma of the medulla
causes paroxysmal hypertension, but the sigmficance of hyperplasia
of the medulla and muscular hypertrophy of the adrenal vems, de
seribed by Goldzicher in hypertensive individuals, 1s now discredited

Selye on the basis of his work with desonycorticosterone acetate,
has reported that hyperplasia of the adrenal cortex with depletion of
the ipid matenal in the cortex occurs in rats with experimental hyper
tension on the basis of admmmstration of this materal or as a result
of renal 1schemia According to Selye, overdosage with desoxscorticos
terone acetate md the develop of nephroscl and hsper
tension 1 rats recerving sodinm chionde espeenlly 1f they are um
Interally nephrectomized He has reported the development of hyaline
necross m the arterioles of the hidneys of such ammals The mam
vascular Iesion found however, was pemartentis nodosa The fact
that the ablation of the adrenals interferes with expenimental renal
hypertension 1s another indication that these glands probably play
an wnportant part in the pathogenesis of hvpertension

The hypophyss An mcrease m the number of basophulic cells m the
antenor lobe of the hypophy sis and basophilic mvasion of the postenor
Jobe have been reported in 2 high percentage of all cases of essentral
hypertension but especially m patients i the malignant phase This
change, however, has also been found in chronic glomerulonephrntis 1n
some forms of obesity, and 1n other conditions It 15 practically always
assoctated with hyperplasia or adenoma or both of the adrenal
glands There 15 a tendency now to regard these alterations of the
pituttary body as merely secondary The fact that there 18 no baso
phihsm whatsoever i many cases of es;ential hypertension mmmuzes
the possible sigmficance of this mamfestation n the pathogenesis of
essential hypertension The recent studies of experimental hyper
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tension have not helped 1o varavel the part played by the pituitary
1 the pathogenesis of the elevated bload pressure .

The brom Yy phalopathy 1 as o mamfes
tation of the bemgn and malignant phases of essential hypertension
and secording to Schember (34-30), 18 the result of chapges brought
shout by cerebral vascular disease He has desenbed alterations of
cerebral capillanies veins and arteroles this condition wiich seem
previously to have eseaped observation Changes of & similar nature
have not been deserthed 1 the expenmental anmal He draws aiten
1,0m to an scute form of hypestennive bram disease charactenzed wm
the gross and hstologeally by fndings charactenstie of cerebral swell
my According to bim (hs 18 eaused by scute vasomotor disturbances
tollowed by vasoparalytic dustention of the vews and capillancs snd

d with d p bility of the vessel walls for seroue
fiwd Ths alteration 15 considered revergble in the early stage

Scfiemker has also directed attention to the early stage of cerebral
vascolar change 1 cases of human artenal hypertension in which
vascular alterations are charactenzed by a combination ot prohfers
tie 1nd degenerative changes confined to the caplianes e found
1o direct paralichsm between the cerebral vaseular changes and those
of the Lidneys The pathologie changes consisted of hyaline degenera
tion and fibrotie thickeming of the walls, assocated with a parrawing
or obliteration of the lumen He considered these a special form of
arterrolopathy typical of hypertension and different from thase found
1t the usuaf cases of artenosclerosis He believes that these charagter
sstie arteniolar changes may be due to functional vascular disturbance
of prolonged duration or of repeated occurrence The changes 2a the
temainder of the brum consist of diffusely scattered cirenmsenbed,
small foct af old and secent Jar b

per 'y ge smal
of massive hemorrhage and duffuse or locdlized edems of the bram
He believes that the 5 of the brun 13 d:

Iar Jesions

Y to the arteno-
He also studied the venous alteraton associated with hypertenaive
isease of the brawa g 65 caces The lesions were of two types (1) re
versible changes mumitested by venous stasis resultinig 1 tremendou:
distention and (%) structutal alterntrons of the vessel walls chnrn:
tenzed by an extreme degree of attophy and advanceq signs of de-
geeration and neerous He draws attention to the predominaptl;
Venous ongin of eerebral hemorrhage which he constders the te an1: );
Phase 11 a sequence of events which have ther begmmng 1, rev:l::\b:e
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vascular disturbance In a later stage structural alteration of the c¢
bral veins occurs and, termmally, degeneration and necrosts of -
vessel wall are present He believes that m the presence of far
vanced venular atrophy, an elevation of the venous pressure wor
appear to be an essential precursor of the massive escape of blood

More studies of this hind are still necessary before the sigmficar
of the cerebral maniestations described by Schewnker can be prope
evaluated

The conqunctival capillones The most recent contnbution to ¢
Lnowledge of the anatomical changes assomated with the hypertens:
state 1n man 15 4 study of the comunctival vessels by the method
biomicroscopy, utihizing magnifications up to 200 times, which h
been carred out by Dr Lack and s collaboraters (87) They ba
observed a hypertensive pattern of abnormality m the capillanes of t
conjunctiva This pattern 1s charactenized by pronounced narrowin
elongation, and looping of the capilaries, which m addition she
fixed angularities or tortuosities, tubular thicherung of the walls, a3
lass of normal distensibihity

They found that 98 per cent of all hypertensive patients showe
significant capillary changes of this type There was a direct correl:
tion between the seventy of this abnormal capillary pattern and tt
nise 1 dstolic pressure A correlation between capilary vascul:
damage and sex or age was not estabhshed In 80 per cent of the seri
of hypertensives they also found pathalogic changes m the arteriole
No capillary mvols ement was found 1 72 per cent of non hypertensiv
hospital patients who composed a control series Some changes usuall
shght and of bizarre type were present 1n 28 per cent but none showe
the hypertenstve pattern of capillary abnormabty In 96 per cent o
the hypertensive senes, they found intravascular clumping of the re«
cells This was also found 1 G7 per cent aof the control sertes

Their conclusion was that the results of their study mdicate 1t ma
be worth while cimeally to evalnate bv this method the role of th
capillary 1 hy pertension and to direct efforts toward systemsc evalua
tion of the pathologic changes mn the capillary bed as 1t relates 1o the
pracess of hypertension Inasmuch as from the studies on man 1t 1
mmposible to arnve at any conclusion about the causative relation
ship between the changes m the capillames and hypertension Dr
Lack, Dr Schwartz and T have undertaken a similar study m dogs
Yelore and sfter the develoy t of exp al renal hypertension
This may afford the answer to this :mportant problem
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Thus although the anatomienl changes assouiated with the hyper
tenste state have been the subject of studv for more than a century
Thope 1t has become abundantly clear from thus brief survey that the
cansative relationshup between vascular disease and hypertension still
remains to be established



. by ARTHUR GROLLMAN

Experimental Studies on Hypertension

Tup present paper summarizes some of the experimental studses
which have been carried out by the author and tus assomstes dunng
the last decade on the geperal subject of hypertension These studies
have tonched upon various aspects of the problem of experimental
hypertension as 1t 15 induced 1n the laboratory amumal and as it oteurs
clireally 1 the human pattent, they will be discussed with reference
to the generally accepted notions as well as the work of othess in the
same field It may be stated at the outset that desmte the often re
peated statement that experimental and chnical hypertension may
have little in common, this view 1s not supported by the avalable
data In fact, the resemblances between the condition as wduced ex-
persmentally and as occurring spontaneously m man are so close 2s to
justify the working hypothesis that the two are fundamentally related
and that a study of the espenmentally mnduced disease will help to
eluerdate the disorder as abserved in human bemgs

The Induction of Hypertension in the Experimental dnumal

Attemnpts to induce hvpertension m the experimental ammal by
mampulations of the hidney date from the last century Much of the
eather worh however was based on observations of the mmediate
effect on the blood pressure of vamous mamipulations of the ladnes
and hence erither demaonstrated an acute nise 1 pressure which has no
relationship to hyperfension as a disease or efse faifed to note the sub
sequent development of hypertension after the {apse of some time
following the procedure The first demonstrition that hypertension
conld be mduced by mterference with the blood flow through the
hadney was that of Dr E T Bell (1), m whose honor this sy mpositm
15 bemng held In association with A H Pedersen (2), Dr Bell i 1930
demonstrated the development of hypertension 1 2 rabbit by ocelu
sion of the renal 1emn and the appheation of 8 membrane around the

22
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Uat \| This

Ludney to prevent the devel t of a collateral
was the first clear cut demonstration Ebn—t mtﬂi?[::\ed‘:‘h‘{:\\::\‘:‘nm
t oceurs 1n man
Chanutin and Fernis (3) m 3032 1nuutid va w e pertrophy which
reflected the mise m blood pressuse oceurnog rats subjected to sub-
jotal nephrectomy, 2 procedure used sub tly by others 10 induee

hypertension

ﬁmum and s collaborators (4) 1n 1034 mtroduced the proce
dure of partially clampmng the renal artery by means of a specially
devised clamp This method was sn advance over those prevaously
used 1n that 1t did not mvolve drastic measuses with the kidney and
led to much more uniform responses than bad been previonsly ob-
tained Subsequently otbers uthized the application of collodion
cellophape mill, cotton (5) and more recently a plastic to attam the
same result It was discovered fater however that mere constrction
of the renal patenchyma by apphication of a figure-of eight higature
(6) offered & simple means of mduaing hypertension that was more
certam than any of the above described measures The method has
been adapted to the rat rabbit and dog and used thronghont our
subsequent work It avords the too drastic constnetion of the artery
that 13 posmible with the method of Geldblatt et al and the mfechion

apt ta occur when enveloping the kidney snd 1t 1s techmieally simpler
than these measures

It must be emph

d here that by oceurs m only a
small proportion of animals when one kidney 1s wterfered with by
the above desenibed procedures In most cases 1t requures the removal

o£ the opposite kidney before hypertension is induced The o & =
af4h ol b

@ il te use of various tome agents
~—for example lead sud other metallic posous and dietary insuffi

wency Al of these have m common the fact that th
ey e
kudney thissue mduce obvious dame, Y ey remove

wterfere with the blood fow through the organ In the last named
;él;:cedu:e ;h;re“n]s no obvians morphologsc change 1 the kidney as
ermned by the usual methods of histologic exa: it
disorder of the human bemng we alsa o Do oo e
encounter the disease withy
obvious morphologic damage (the so-called bemgn hyperteusm:x) ol;:

ge to the repal parenchvmna, or
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well as with renal damage as m the hypertension secondary to m
fections (pephrtides), to vascular disturbances (nephroscleross),
ete Assuming that hypertension 15 of renal ongin, one may conclude
thercfore, that either functional (1e, without demonstrable anatomic
change) or orgame damage to the kadney may, 1f 1t mvolves the
proper segment of the nephron, result m the disorder designated as
hypertensive cardioy ascular disease This 1s charartenized by an eleva
tion 1 the distolic blood pressure, 1n mereased peripheral resistance
and other changes i the hewrt eves bramn blood vessels, ete

The Determination of the Blood Pressure wn the
Lzpervmental Ammal

The level of the blood pressure 1n different laborators ammals m
which hypertension 1s induced 15 essentially the same as 1t 1s m human
bengs with the disease The particular anmmal species to be used in 2
grven study will be determined by the nature of the expertmient at
hand Yor most purposes the rat offers many advantages and for this
reason we have used this species 1 many of our expenimental studies
It was necessary however, to find a procedure for deterrmnmng the
blood pressure an the rat, and a plethysmographic method (7), whick
hns been widely used was devised There have been several modifica
tions of 1his procedure, but m our hands at least none of these has
offered any advantages and in general suffers from certam disadvan
tages YWhen proper precautions ire taken reproducible and accurate
values may be readily obtained [he prel v heatng 3 m
this procedure 1if properly done, does not lead to error in the deter-
mmation Heating howeser, may be lmited to the rat’s tal but this
renders the method unnecessanly tedious Others hase devised v inous
electnical procedures for repk the plethysmograph (8) but m
our hands these methods lach the ease and accuracy of our ongmal
procedure bemng dependent upon acoustie changes that are harder to
detect than are the visual changes used in the plethxsmographic
method

Tn the dog direct puncture of the femoral artery 1s esy and leads to
unequivac:l values for the mean blood pressure (9) We have there
fore used this method exclusnely mn our studies In the rbint the
method of McGregor (10) dewised m Dr E T Bell s laborators has
proved satisfactory This consists of the appheation of a small arm
cuff around the sbdominal aorta and the detection of the auscultatory
Korothow sounds, 25 1n determimations made on the human being
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Is a Pressor Agent Responsible for the Elevation in the
Blood Pressure in Hypertension®

It 1s generally accepted that the elevation m the blood pressure
ohserved 1n expenmental hypertension 15 humoral n ongin but the
nature of this bumoral agent has been the subject of dispute Farler
worhers accepted remn a pressor agent first observed i renal ex
tracts by Tigerstedt and von Bergmann (11) m 1895 as responsihle
for the observed mse i blcod pressure follawing manpulabion or
disease of the Lidoey Subsequently angiotomin or hiypertensin pro
duced by activation of repm was ted as the pressor bl
for the elevation 1 blood pressure As work has progressed however
this view has become increasingly untenable so that most wotkers i
the feld have gradually wasered 1 their acceptance of this relatnely
simple and obvious explanation of the role of the Lidney 1 the patho-
genesis of hypertension Others have sought 1 blood and hudney ts
sue for other pressor agents

In earlier publications we have pointed out the mvahidity of the

pressor hypothesis (12 13 14) 1t must be remembered that hadney
tissue or blood sut d to any ¢h 17 dure may readly 1
sult 1 the development of erther pressor or depressor substances and

that 1t 1s unjustifisble to conclude from the presence of such agents
that they actually play a physiclogical role an the organism Ths ob-
1¢ction ean be raised to the more recently desenbed claims that pressor
agents have been 1solated from the bload or from hadney tissue in
hypettenson However the most CONVINUDE argument aganst the
existence of a pressor agent demned from the Jodner 15 afforded by

1 pressure and

‘The induction
=sx¢ & b uy vuateral nephrectomv could be explamed as due
to & awrculating pressor agent only by assumng that such a Pressor
agent 18 of extrarenal ongin and that it 1

5 Imactisated
normally by the kidnev or excreted

The Effects of Umilat

¢ Injury or Undateral N ph
on Hygpertension
As slready mdicated b vers -
xs" myured and the contr
th e
110 hypertennion Ap

where 1t has long been
» wta nepbrectomy does pot usually result fn the
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devel t of hyvpert But sometimes, for reasons to be dis

cussed Inter, such an operation may result m a rapdly progressive
malignant hvpertension 1f the patient already manifests some degree
of hypertension before the removal of the hidney In the dog (9)
only rarely does the applieation of & Goldblatt clamp to one renal
artery result 1n hypertension unless the contralateral kidney 1s re
moved In our experience, 1t has oceurred in less than 2 per cent of
our ammals In the rabbit (15) the apphcation of a figure-of erght
higature unilaterally results o the development of hypertension i ap
prouimately 5 to 10 per cent of antmals, whereas in the rat the effect
of a umlateral operation 1s more vanable In well nounshed animals
raised on an ample and adequate diet and maintained in good con
dition, the mcidence of hypertension following umlateral operation 1s
much lower than in Is less well mamt d In some groups of
ammals, as hugh as 20 per cent mav develop hypertension after the
apphieation of a figure of eight to one hidney without removal of the
contralateral one

As demonstrated by Halpern and the author (16), the inadence of
hypertension following exther the application of o umlateral figure of
eight or umilateral nephrectomy 13 dependent on the status of the
opposite kidney at the time of the removal of or operation ou the
other If lesions are present, by pertension develops, if absent or mum
mal, the ammal remams normotensive Apparently the same thing 1s
true of other ammals, mneluding man If mjury has already occurred
m both Lidney s, although this mav be mmimal and result 1n no great
elevation in the blood pressure, the remaal of one hidney may then
result n a rapd elevation in the blood pressure to hypertensive levels
It 15 apparently a matter of the degree of renal disturbance or the
percentage of the total avalable functional kidney tissue that deter
mines whether or not hypertension develops In the perfectly normal
ammal umlatersl nephrectomy will result in hittle change m the bload
pressure since the contralateral hidnev can mamtam the animal m
normal condition However if the contralatera) hudney already mam
fests some imperfection 1n function, although this may not be mam
fested by an elevation in the blood pressure removal of or mterference
with the opposite ladnev suffices to mnduce hypertension

Tn the small percentage of ammals in which hvpertension 15 induced
by operative manipulation of one hidney, the other one remamng
tact the removal of the first kidney after the induction of hyperten-
sion fails to cure the hypertension (9, 15) This result 15 opposed to
the exceptional one observed m human bemngs, where removal of a
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nephrotic kidney or non functional atropie kidney has apparent
:1; ?):ugll’xl about & dechne m blood ;‘)tcssur.e (1)“ ‘;;l;y;sth&lscshmﬁd at
xur has nat been adequat P! P
:ﬁm t_:;eedc:fecnve Jadpev present compensatory hvpertrophy with 1n
creased function of the contralateral one? Unfortunately the occur
rence of this condition 15 relatively yare and mo comparatise study
has as yet been made between the small group of patients respoading
to undateral nephrectomy and the much larger group that fail to do so

The Effects of Bulateral Nephrestomy on the Blood Pressure
One of the difficult Aved 1n d P lly the
exact tole which the hudney plays 1n the pathogenesis of hypertension
has been the impossibility of ablating this organ mithout introducing
the fatal effects of mterference with its exeretory functions It has
been mpossible to apply the sumple expenmental procedure of ex
tirpstion which has proved so np i eluadating the §
of other organs The earhest sttempts at deterruming the effect of
bilateral nephrectomy on the blood pressure led to the conclusion that
this operation resulted 1 no change or a dechme in the blood pressure
However these experunents were mvabdated by the fact that the
stmals urvived for so short a perrod following the operation In the
hypertensive ammal 1t has been demonstrated that the removal of
the kidneys does not result 1n an immediate dechine i the blood
pressure (& 15) but that this remains elevated untl the apymsa} be
comes monbund Tt has also been demonstrated in parabiotic rats
which the kudneys are remaved from one of the pair that hyperiension

develops i the parabiont deprived of its kidneys whereas the twin
vemawms normotensive (17)

We have recently devized procedures whnch ensble one to mamtan
nephrectomized dogs alive for extended perods 1 a relatively normal
state of health Ongimally an artificial kdney (18) was utifized but
tins procedure has been superseded by intermittent pentoneal lavage
which hes proved muck more effective and eonventent ot only with
expennmental ammals but with human pattents as well {19) The de-
tails of this method are desenibed elsewhere but suffice 1t to say here

that nephrectomized dogs have been mamtamed
for from 90 0 70 days (Frg 1) m good condition

This enab]
of the absence of renal hissue 1n the wylic&i lﬂ‘:{nﬁ' g: ;ﬁf::;
pressure The results of this study have shown that when the kuyd
are removed from dogs hypertension ensues and blood pregsure lncylz
comparable to those seen 1n hypertension develop (18) Contmn::lze
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Froure 1 The appearance of a bilaterally nephr d dog (mamtamed bv
peritoneal lavage tvice daily) 6 weeks following nephrectomy Notc the nor
mal appearance of tlus amimal which was sacrificed 1 month after
the above photograph was taken

when the renal excretory function s excluded by lguture of the
ureters or 1mplantation of the ureters into the gut or venn c1va (the
lidnevs being allowed to remun m the body) no elevation m the
blood pressure results except m 2 few ammals in which the destrue
tion of the renal parenchvma by an infected hydronephrosts occurs
(18 19) Apparently, then the presence of renal tissue m the body
15 necessary for the muntenince of a normal blood pressure 1ts ab
sence results i the development of hypertension Amimals which hive
been nephrectormized and 1n which the blood pressure gradually rises
to hypertensive levels reveal at autopsy, pathologicnl changes (to be
referred to later) which we believe are the result of the development
of malignant hy pertension

The induction of hypertension by bilateril nephrectomy s of
fundamental smportance m armving at 1 gencral concept regarding
the pathogenesis of this disorder If hypertension 1s induced by the
removal of the hidnevs obviously theores based upon the assump
tion that the hidney produces some pressor agent are entirely un
tenable One might assume of course that perttoneal Invage or other
artificial measures used to remove excretory products from the body
fail to remove some agent normally excreted by the kidnes but such
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an assumption is tendered msahd by the obscr\auoz)x\ that bxh!cm:
ureteral hgation or woplantation of the ureter into the gul or } cn‘
cava with excretors products bemg removed by the same arbiimal
sures results in no hypertension

m;e\‘?:al objections might be rased agamnst the validity of the ob er

vations m the bilaterally nephrectormzed ammaf but these have been
refuted by our more recent expenments (19) It pught be objected for
example that the moderate degree of urema orcurnng in pepbrecto
mzed anmals subgected to artficial measures for the remosal of waste
products suffices to cause an elesation 1n the blood pressure and the
pathological lesions observed However a similar degree of urem:a In
ammals with ureters ligated or nmplanted into the gut or vens eara
fals to do so The level of the blood pressure attained 1 the nephrecte

mized anumal 15 also 1mndependent of the urea level of the bload It
might also be objected that the removal of the idrey results m an
Jncreased cardiac output or that the methods used resull w an o

creased blood solume which 1o turn inereases the cardise output and
thus results 1n an elesation 1n the blood pressure However the i

vabdity of these objections has also been demonstrated (10) We
have <hown for example that the cardiac output 1s not matemally
affected but 15 actually d d 1 the neph d amimal 2t a
time when 1ts blood pressure 1s markedly elesated The blood volume
aod venous pressure are al o not appreciably affected by this pro

cedure The level of urea and non protemn mtrogenous constitnents of
the blaod does not apparently affect the kevel of the blood pressure

sinee this may be normal 1m ammals with a high urez and non protew
witrogen content—for example in animals with a ureter mmplanted
mio the vena casa or Quodenum Gn the other hand b «ubjccting
animals to intermittent perstoncal lavage at 2 hour miervals the blood
urea content will remam below 106 mg per cent Despite thns one
observes the usual elevation 1n the blood pressure (19)

Pathologieal Findings Experimental Renal Hypertension

The pathologieal findmngs observed in ammals suffering from ex
perimental renal hvpertension have been the subject of much study
::;!;lnsﬂ\s that Wave been vamously nterpreted There has been

e ding the rel, ¥
2 g of the observed Jesion

ta those seen 1 buman hvpertension In 1;}38 Chid (21 m\ﬂlu\yhi
I[m \n‘:e oi‘ mnumerable petechsal hemorchages 1 -
100 the ot = 2
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Fioure 1 The appearance of a bilaterally nephrect d dog (m: d bv
pentoneal lavage twice duly) G weeks followmng nephrectomy Note the nor
mal appearance of this ammal which was sacrificed 1 month after
the above photograph was taken

when the renal excretory function 15 excluded by ligature of the
ureters or ymplantation of the ureters into the gut or vena c1va (the
kidneys bang allowed to remun i the body) no elevation n the
blood pressure results except m 2 few ammals 1 which the destruc
tion of the renal parenchyma by an infected hydronephrosis occurs
(18 19) Apparently then the presence of renal tissue in the body
15 necessary for the maintenance of 2 normal blood pressure its ab
sence results i the development of hypertension Animals which have
been nephrectomzed and m which the blood pressure gradually nses
to hypertensive levels reveal at autopsy pathologieal changes (to be
referred to later) which we believe are the result of the development
of malignant hy pertension

The induction of hypertension bv bilateral nephrectomy 1s of
fundamental importance 1n arrving at a general concept regarding
the pathogenests of this disorder If hypertension 15 induced by the
removal of the hidnevs obviously thcomes based upon the assump
tion that the kidney produces some pressor agent are entirely un
tenable One might assume of course that peritoneal lavage or other
artifical measures used to remove excretory products from the body
fail to remove some agent normally excreted by the Lidney but such
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sl estabolites but mas t;cc\lr © Endwhe: :i;e“gc;ﬁa pressure 13 ot
of a gevere degree

ds;:’;ei::c::a?;e:ztsnc:em 1: dogs d‘g“ consderably from those
sten 1n patents dwmg from hypestension as ordinani}y obse;ed‘
Hpnever they do resemble those seen 1 pslients with nc\\\‘e 215
msuffiseney m whith hypertension has developed oner o telatisely
short peniod for exsmple s B result of blocksge of the zenal artery
by » gowmg tumor or i the acute suuna of the so-calied Jower
nephtop nephrosis (24) The vasculiis oceasionally seen: m patients
dying from malignsnt hypert 13 usually ted wah more
cellulax response then that observed 1o expenmental ammals The
chauges observed 1 the myocardium resemble those seen as 2 yesult
of v * a resembl that rases the gueston
whether the latter changes sre not mduced by the kidney damage
known to result from acute potassum defitiency The sbserved
changes 1o the myocardmm of the hypertensrie have an important
Yearing ap the occurtence of myocardial damage mn people suflenng
from hvpertension

Tt 1s viot unexpected that lesions mduced 1n the dog in the course of
2 week shoudd differ from those encountered 1n man, 1 whom hy per
tension n & benign form may exst for many years belore death That
the duration of the disease and the exten® of the renal vamage may
d the morphelogical anp of the arterial and arteriolar
fesions 15 well Mlustrated 1n a pahient reported by Muwrhead snd the
author {24) m whom = sapidly deselopmg hypertension secondary
to widespread yubnlar damage was followed bv death withtn 10 days
The lesions sn the bloed vessels mt this patient were 1denbieal with
those observed m dogs follomng bilatersl pephrectomy As pointed
out by Goldblatt (22) orly m = dog whuch he had mamtaned with
an elevated blood pressute for seseral years were the artenviar Sesons
comparable to those observed 1 man Goldblatt concluded that 1he
combination of moreased vaseular tenvion and the effect of & cheras
cal substance of renal augin, the resuit of mtetterences with the
culation of the Judney are nevessavy condrtions far the production of
artenofar necrows and \be aysoc ated hemorthages  Wowener he
lesions ate producible with or without ag elevation 1 the blood pres
sure and with or Without srerrz  The combmation of the two 15
nerertheless most efectine 1n fhen production

*I'am indebled 12 Dr Be:

njatan Castleman of
¥y comments and supgestions ngarding lhe:! :}\]:

Massachu etts Gereral Vovpast
servations
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lary bed, but there were no vanations from normal mn the artemoles
and the walls of the Jarger arteries Child noted the appearance of
acute artentis with thromboses and myocardial farcts, hyalne de
generation of the media, edema, and fragmentation of the intima with
diminution of the lumen and penartenial fibrosis The arterioles m the
liver of one dog showed marked mtimal thichening with all but com
plete obliteration of the lumen Goldblatt (22) i the same vear
demonstrated the appearance of diffuse arteriolar hyalmization and
necrosis 1 dogs with expenimental hypertension 1 which the malig
nant phase with renal msufficiency had been mnduced Grossly these
also showed petechine, some of which were confluent with the extras
asation of blood Microscopically there was o degenerative disease
of varymng seventy with hyalinization and necrosis of the artenoles
and fresh extrayvasations of bloed mnto the tissues

According to Goldblait the degenerative and necrotizing artenolar
lesions which he observed were not distingmshable from those found
m most cases of mahgnant hypertension mm man as described by
Montz and Oldt (23) except that they were more severe and more
widespread The hyshmzation and necrosis of the artenoles were also
more severe and more widespread 1n ammals which had suffered from
a penod of bemign hypertension before the onset of renal isufficiency
In one ammal which had previousfy suffered from a long period of
bemgn hypertension, there was thickening of the artenoles with or
without hyahmzation of the intima

We have demonstrated the occurrence of necrosis of the arteries
astersoles, and mvocardium, simlar to that observed by previous
quthors, 1 anmals subjected to bilateral nephrectomy (20) In an
attempt to elucidate the pathogenesis of these lestons, a vanety of
manipulations on the kidney were performed including (1) removal
of both kidneys Iife bemng prolonged by dietary restriction mn which
diffustble salts were excluded from the diet, by use of the artifical
ludney by exchange transfusion, or by peritoneal irngation (2} ligt
tion of the ureters (3) mplantation of one ureter mto the small
wptestine with contralateral nephrectomy (4) implantation of one
ureter mto the vena cava with or without contralateral nephrectomsy
(5) section of the ureters, with drainage of the urme mto the intra
pentoneal, and (6) the mnjection intrap ily of rated
dialyzed urme The results of these expenments demonstrated that
arteral, artenolar, wnd mvocardim) necroses are dependent nerther
on an elevation of the blood pressure nor on an accumulation of the
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The ietaton of Hypertension tn the Expenmental dnmal

Ju order Yo apphe the same proredures o humes bawngs many at
tempt bane been made 1o oves the el ated blood pressure m zm
mals rendered bypertensve The experimental noimel offers o great
advantage 10 the stydy of Yk prablem hecause of the marked vana
bty shown Dy the buman bypestensive As has been often demon
strated the colrse parutuisrdy tba bleod pressure of the human
Bypertensive 15 sulyelt to arked fuctuations, winch i s dsfienit
1o ohuate unless the patient 15 bospiatied axd repeated meusure
ments ate made tvet peveds of many months Unfortunately Hhs o
et always practieable and mamy of the data oted w the lterature
are seeanlwte because sofivestly long control studies were not
tosde before the patient was subjetied to & gnen procedure In the
expareetal ammal on the other hand ont esn npdly mawiawm a
base bne of control p e swres and evaluate the effect of o grven pro
cedure m the caurse of several weel  \loveover by uwsing Ve 373 25
the expecimental wimal one can deal itk a suffiient number of
wdeadunls 10 overcome the imevitable efiects of Wictogical < sesation
and tan uhilize amounts of matenals sufficenth small to permat thar
espenmestal study and chemyeal frachunation

Applvine the above methods we have studnd ibe vanews drugs
W ed 10 the teeatwent of humnan hypertension or advocated m the
past as well as other procedures Mowever s must be cmphasized
that newous miatetial will Jower the blaod pressun 1w experunestsl
fiypertension just as ifechons myocardit infarction and ather de
bibiatm,, effects tend to lowen 2t m the human This has not alnays
been taken 1nta account by wmsestigators and one finds m the Itera

ture references to pror dures uch as the mplsntation of dead L 1ee
fissue oy ¢k -

a pyroger
nO%10Us § “p i Uiboy Prissute obsjousts have po
therapentic appucation ang are msteadsng  Before altrbuting any
siguificance to o Jowenng of the blpod Pressuee in the expermmants)
smmal oF man 1418 necessary to demonstrate that the matema) 25 gt
c;tuimg a purely noxieus influence 1hat the duration of Jife 15 ex
ende¢ and that the general well beny of the 2

e it the grues X, 2% el 15 amehorated

Spplsing the abvre procedures to the 1at with expernmental hype
tlenSyofn \:;e timds that many of the drogs advorated fram llmys tta
yme for the treakruent of hvpertension every plive
e ar 1o 2]
Hlond pressure extept when nsed 1 eeee sively large duf: :nflnt;\hi
2/
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Water and Llectrolyte Disturbances n Hypertension

Wiater and electrolyte disturbances m hypertension are of con
siderable interest not only from an espenmental standpomt but also
from a practical chimeal one 1 view of the demonstrated effect of
drastic sodum restriction m the treatment of hypertension () It
ss now generally conceded that drastic sodim deprivation results m
a lowenng of the blood pressure and an amehoration of symptoms
many patients mandesting hypertensive cardiovaseular disease This
procedure has been widely applied chinteally (26) either by means of
diets 1n which the sodmm content 1s reduced to from 200 to 500 mg
per day or more drastieally m the so called nce diet the effieacy of
which depends, we believe, upon 1ts low salt content (27), although
the low protemn content mas also play a part m brnging about the
observed hypotensne effects

‘The mechamsm whereby the restriction of salt induces ats hypo
tensaive action 1s still the subject of studv However, that some dis
turbance wn the salt and water metabohism occurs i chrome hyper
tension 15 clear not onlv from the effect of drashic salt restnichion on
the level of the blood pressure but al<o from the different reactions of
normal and hypertensive persons to salt restriction (28), the mcreased
antidiuretic content of the urine i by pertension (29) and as demon
strated by Lichelberger (30) and by Laramore and the author (31),
the change in the water and salt content of the tissues m hyvperten
sion The latter authors hase demonstrited that mn the late stages of
the disease m rats the water content 1s greatly meretsed as 1s also
the sodm content winle the potassum content of the tissues 15 de
creased The chionde content of the muscular tissues (the hesrt gut
striated muscle and spleen) 1s 1o meretsed while that of other
tissues (the blood, bram hver and shin) 15 decrensed These findings
offer istochemeal cvidence of the systemic effects of hypertensive
disetse effects demonstrated a1 o by the widespread pathologieal
lesions observed m this disorder

Despite the apparent abnormabity of the salt and water metabolism
m hypertension 1t 15 unjustifiable to conclude that this 15 the basic
dysfunction responsible for the mamfestations of this disorder It 1s
equally unjustifiable to conclude that the adrnal cortex despite 1ts
el known action 1n the regulation of the salt and water metabohsm
plavs wn important role n the pathogenesis of the disorder Cortrsone
and ACTH nadentallv cven 1 the unphysiologiesl doses m wiich
these drugs are admmstered, exert relatively mnor effects on the
blaod pressure of the normal or hypertensive rat or dog (32}
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allowed to Temawn at a high level (36) Yie feel therefore that l{:e
lowermg, of the blood pressure by this means unlhe that obtamed by
other procedures cannot be dered a del effect The pos
stbility of lowermng the blood pressure by such means 15 of greatest
practical and theoretiesl mportance

The effective principles present 10 renal and omidized manme-oil
extracts have not been 1solated or 1dentified However that they are
\dentical has been demonstrated to be highty probable by absorption
studies of highly punfied preparations

Neurogeme Hypertension

It 15 possible 1o nduce & type of hvpertension which has been
designated as ¥ by remowing the pressor
mechanisms 11 the neck through the cutting of the vagus and the
remaval of the carotid sinus on the opposite side thereby el
the accelerator fibers (37) This often results 1n an elevation of the
blood pressure which, however, differs entirely from that obeerved
following interference with the kidney For example the hypertension
nduced by the above operative procedure 13 often temporary there 1
a return to normal alter a lapse of days or weeks as 1s not true

renal hyp which 18 and progi ely
The exist of 1 hy does not appear
to shorten the hfe of the ammal wh

ch remamns m good condition
One of the dogs of our senes for example survived for a penod of

over§ yeasz A striking charactenstic of this type of newrogenie hyper
tenston too 1s the fact that exercise often brings sbout a reduction to
normal levels something not true of renal hypertension

It 15 2 wadely current notion that hypertension m man 13 the result
of nervous influences wduced by the stress and stramn of daily life
although the elevation 12 at first only paroxysmal 1o nature eventual
I5 a permanently elevated blood pressure ensues Despite the general
acceptance of this view and its superficiaf reasonableness there ave

m fact 1o convincing data to support it In favor of this henatka
however ate tha ovon——

faborators I
ston su tats
wwu aunnus atso developed

tension although 1 & smaller percentage of the total ll‘:an hwlt}:
:‘pcnme‘nla\( group Ve have repeated these expeniments wﬂh“:zeg:
sve results (19) Of the usual faborato &
by convulsive seizures to the p, o extonnd amafewé b

r blast for extended
1 these Yew hvperreactors ng sustamed elesation u‘::the bl::; :\I::
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when so used the effects are deleterious, resulting usually in a short
ened peniod of survival for the ammal This 1s true, for example, of the
nitntes, thiocyanate, the veratrum allalowds, lustamme, and other
vasodepressor agents which have been advocated for use m human
hypertension (33)

In experimental hypertension the only consistently effective agents
for lowering the blood pressure that we have encountered and that
have not induced evidence of deletersous action but on the contrary
have prolonged the survival of the hvpertensive ammals 1n better con
dition than the untreated controls are (1) drastic sodium restme
tion (R7), (2) certtun renal extracts (34), and (3) certmn oudstion
products obtaned from manne ols (85) The effect of drastic salt
restrichion has alreadv been discussed m the preceding section The
effectiveness of renal extracts admimustered orally was first reported
over o decade aga and consistently, m our haads, the method has
proved effective 1 lowenng the blood pressure i the experimental
smimals and in the few patients on whom 1t has been tried It must be
emphasized that these extracts differ from those described by others
who have utilized dlyzed extracts (dalysis results in discarding the
prmaple we consider to be effective), crude extracts nich in pressor
agents, or crude hadney tissue, all of which we believe, lower the blood
pressure through their pyvrogenic and other noxous mfluences Renal
extracts prepared by alcohel extraction of fresh hidneys may be sub
jected to further punfication to gne a water clear solution contam
ng » mmmum of sohd matenal and when adminsstered orally thes
result 1n an appreciable lowering of the blood pressure, although this
does not reach the normal level 1n ammals with long standing chrome
hvpertension

Results comparable to those obtamned with renal extracts have also
been obtamed through the oral admmstration of certan owdized
marme olls A stnhing chmeal response on a single patient has been
reported where such an extract was used (35) This patient was hos-
pitalized for a period of 16 months and alternately treated twice with
renal estract and n comparable oif which was mactive In each ob
servation period extending over several months, the admimstration of
the active ol resulted 1n a marked lowermg of the blood pressure
which later returned to ats mmtwl level while the patient was recerving
the placebo

That the admimustration of renal extracts or manne oils mduces no
novious effect has been demonstrated by the long survival of ammals
<o trented compared to untreated controls whose blood pressure was
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working hypothests we are certawly Justified mn assuming that the
two conditions represent the same fundamental disorder

The venal ongn of hypertension m the esperimental animal 1s
established beyond question s 1s also the fact that this hvpertension
may be present with or withont morphologicalls evident disturb-
ances Lahewise 1o man hypertension mav occur either secondary to
obvious renal disease or as in essential hypertension as a result of a
congemital hereditary functional disturk mvolving a non excretory
activity of the kndnev The nature of the mechamsm 13 not established
but the effcetiveness of renml estracts would supgest that it may be
weretory

Although much still remains to be learned about experimental as
well as clincal hypertension the available data pownt the wav to the
possibibity of witimately controlling this widespread and desastating
disease without, resort to such umsatisfactory procedures as the nce
diet drastie salt restriction sympath the use of dey
drugs or psvchuatnic procedures
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sure has resulted On the other hand the viciousness of the wild grey
rat (Mus norvegicusy, with which Yeakel et al obtamed their most
mmpressive results, necessitates such violent handhng that any results
obtamed are mconclusive since they may be attributed to extrancous
causes rather than directly to psychic stimulation

The effectiveness of total sympathectomy m man m reducing the
blood pressure Iihe the effectiveness of drastic sodium restriction does
not necessarily 1mply that nervous influences were the mutial cause
of the hypertension Against the view that they are responsible are
the recent studies of Wheeler ef ol (40) who showed that the me
dence of hypertension 1n a group of subjects diagnosed as suffermg
from neurocirculatory asthema was no greater than 1n control sub
jects Of great sigmificance also are the independent observations of
Dubois (41) and of Hartnett and Ratehffe (42) The former found
the merdence of hypertension 1n the natives of the Congo living
their primitive environment to be 85 per cent The latter noted an
incidence of 16 per cent 1n the southern Negro of the USA which
15 essentially thnt found by others in the Negro living under the more
stressful environment of the North Apparently then such diversities
n environment as are encountered among native Africans their North
Amencan descendants m Chicago or those m Mississippr are of no
importance 1 determming the ineidence of hypertension Must we
conclude therefore that some intrinsic and hereditarv defect rather
than external envir tal infl are responsible for the occur
rence of hypertension in man? Such a view would be logical on the
basis of our known facts, both experimental and chmical The hered
tary nature of ‘essential hypertension 1s generally accepted and 1t 1s
only necessary to assume thit n man asn the expenimental ammal
a deficiency of function may occur m the hidney without morphologic
damage mantfestable by the routine procedures of pathologs

Conclusion

The preceding summary may 1ppear to the reader to deal with un
related and disjointed aspects of the problem of hypertension Hox
ever they may be correlated and svnthesized into a single concept
which 1s 1 accord with the avaulable experimental and chimenl datr
Although the statement 1s often made that experimental and climienl
hypertension do not represent the same disorder the resemblance be
tween the two 1s most striking m many respects and 1s much greater
than for other disorders reproductble in the Inboratory ammal As a
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working bypothesis we are certandy justified 1 assumng that the
two conditions represent the same fundamental disorder

The yena! ongm of hipertension 1 the expenimental ammal 13
established beyond question as 15 also the fact that this hypertension
may be present with or without morphologically evident disturb
ances Lahewise mm man hypertension may occur either secondary to
obuious renal disease or a8 1n essential hypertension as a result of o
congenital hereditary functional disturbance involving a non exeretors
activity of the hadney The nature of the mechamsm 15 not established
but the effectrseness of renal estracts would suggest that it may be
ineretory

Although much stil remawns to be learned sbout expermental as
well as chimeal hypertension the available data pont the wav to the
possibility of Wtimately controllng this widespread and devastating
disease without resort to such unsatisfactors procedures as the nce
diet drastic salt restnction sympathectomy the use of depressant
drugs or psschuatric procedures



Questions and Discussion

DR MAURICE p visscHER We have had two sides of the problem of
hypertension presented to us this morming The problem has more
than two phases, as I am sure you will ail agree after we have heard
the papers on the remunder of our three dav program At this pomt
however, we have a few minutes i which to begm our diseussion
Does anyone among our guests wish either to ash a question of our
first two speakers or comment on their matenal or the pomts of view
they have <xpressed?

pr EPRRAIM sHoRR I should like to ash Dr Grollman a question
about the nteresing data he has presented on the electrolytic pat
tern n the tissues of the hypertensne ammal Were the ammals on
which the expenments were conducted made hypertensive by nephrec
tomy, pennephntis, or clampmng? It would seem of the lughest 1m
portance to his thess {0 ascertain whether the electrolytic pattern m
the animals made hypertensive by | dures such ag p phritis or
constriction of the renal artery 13 1dentical with, or differs from, that
mt the anunal which develops hypertension following nephrectomy

pr visscner Before calling on Dr Grollman to answer this ques
tion, I should like to put another question of the same general sort to
him I wonder, Dr Grollman whether you have blood volume studies
on 3 our anunals after sympathectomy, and whether the blood pressure
changes are related to those i the blood solume, quantitatively

Are there other questions before I call on Dr Grollman?

bR L L WATERS (YALE UNmversity) X should hike to comment on
Dr Goldblatt s statement that necrosis of the arterioles m mahgnant
hvpertension and arterolosclerotic lesions are very different The
anatomical differences are obvious What we want to hnow 1s whether
or not these re,ult from the same etiological and pathogenetic factor

That 15 important
In g on Dr G

Nman’s paper I <hould hike to sy that
88
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necrotizing artenolar lessons follow 1 pormal dogs the ‘:\’3:;: z{
pressor (renn) extracts of hidney protewn without sny

arlure
m;:l e;c:;iz:);f" rpn 1 am glad that issue was sateed 1 am glad
1t has been rassed earlv 1 the symposium That 18 which comes first,
the hypertension or the renal vascular chsease? Tlus 1s the most
fundamental problem before the symp Is the hyp
mitiated by orgawie vascular changes in the kadneys? Or 15 1t a spashc
change 1 these vessels which bngs about the hypestension?

Now let us separate sharply, secondary from primary hyperten
sion Prmary hypertension 15 the thing we are tallang about bere
Secondary hypertension, as we all know 13 assocated with diseases
of the kudneys such as glomerulonephritis polyeystic rena) disease
and the occasional mstances of occlusion of the renal artenes or veins
whuch Dr Goldblatt referred to There 18 no doubt that there 15 an
accasional human case which resembles the Goldblatt kidney in ats
etwlogy e ‘hrombous of the maw yensl artery or vem

1 have the ughest regard for my distinguished colleague Dr Gold
blatt and I tinnk that s brithant researches have shown beyond any
doubt that lidneys mav :utiate hyp But I must disag
with bim on his implication that what he has produced 13 comparable
to human essential hypertension I think he has reproduced the
things which we call secondary hypertension of renal ongin m man
I hope to present a hittle evidence that T have supporting the 1dea
that pnmary hypertension 1s spastic 1 opgin and ot primanly due
to orgame changes o the renal blood vessels

DR GRoLIaAN T regret that the 25 minutes that was asuigned for
w3 presentation did not permit me to give mote detaled data m
support of my conclusions The ponts raused m the guestions which
have been asked are very pertment and have been taken mto con

sideration

In answer to Dr Shorr the analyses which were presented of the
water and electrolyte content of lissues were made on rats rendered
hypertensive by the application of a figure-of eight Ligature to one
Lidney and the removal of the contralateral kidney These 2mmals
were subjected to no form of treatment and hence any alteration 1n
the componstion of thewr issues wag tzken to represent the effects of
the induced chrome bypertension which n every case had been present
for at least several months As controls unoperated wormotenmye
mimals of approximately equal size and age were used Eichelberger
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has also reported changes mn the position of the skeletal muscle
of hypertensive dogs comparable to those which we have observed m
a variety of tissues in the rat

In answer to Dr Visschers question, blood volume determinations
were made on the dogs prior to nephrectomy and subsequently, when
an elevation m the blood pressure had occurred The results of these
studies mdicated that the observed nse m the blood pressure cauld
not be attributed to any mcreased blood volume, to peripheral e
culatory fallure (as evidenced by changes in the venous pressure),
or to an mcreased cardiac output In short, the hemodynamic factors
i the nephrectomized dog are comparable to those observed m the
ammal with hypertension induced by mampulation of the kidneys It
15 quite easy, of course, to mduce edema, an mcreased blood solume,
and other abnormalities 1n the nephrectomized dog by the myudicious
application of such measures as the arbficial hidney and pentoneal
Invage, but under such conditions any elevation in the blood pressure
15 only transient and the ammal soon succumbs to the abnormal cir
culatory condition mnduced It 1s only in the ammal m which a rela
tinely normal state of the crculatory hemodynamics 15 mamtained
that an elevation i the blood pressure 1s observed and sursival for
such prolonged periods as T have reported 15 made possibfe

Tinally, concerning Dr Waters comment, we made only a sem
quantitative estimate of the distributton of the lesions observed m the
nephrectomized dogs at autopsy However, I wish to correct any un
mtentional implication as to the sigmficance of the acute necrotizing
lesions which we have observed for one may question justifiably thewr
relation to the state of malignant hypertension Yve have noted, for
example, that comparable lesions may be obtained 1n the absence of
any elevation m the blood pressure (for example after cutting the
ureters and allowing the urme to drain into the peritonesl cavity} or
1n the absence of azotemia To be sure 1 combination of azotemia and
hyvpertension may as claimed by Goldblatt contribute to ther ap
pearance but nather factor 1s essential to their presence Incidentally
microscopic study of the dogs which have survived for longer periods
(from 1 to 2 months) after nephrectomy revels the prolferative
changes of the medin charactenstic of the hypertensive state

pr corppLATT I am usually misquoted on my ideas about the
easatise relationshup between hypertension, azotemia and vascular
lestons of the malignant phase, and Dr Groliman has been simudarly
gulty T did not state that all immals that develop vascular lesions
have to have azotermn but T did mention that some ammals have
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azotemis without mmplymng that azotema was & necessry condition
VWhat ¥ did say was that hypertension and mmpairment of renal func
tion are necessarv Some form of renal myurs 15 mvohved That 1s qmte
different from the statement that azotemia 15 2 necessarv condstion
Another matter that 1 should like to refer to 15 the question of
hpertension per se causing arteriosclerosis 1 had the opportumty of
exammmg the tusues of a goodly number of dogs that had hyperten
ston from ablation of the carohid sinuses and denervation of the aotta
These ammals had the intermitient tvpe of hypertension that occurs
m this condition I examuned the tissues of these ammals with greay
care and found no signs whatsoever of artenosclerosis or artersolo
selerasts m those that had had this type of hypertenston for 2 or more
years I should be greatly interested to learn what vasewlar changes
Dr Visscher and hus group found m the blood vessels of animals wath
duced 2 stimuh If those
suumals with hypertension obvicusly not directly of renal ongin and
without azotemia showed changes rescmbling artenolostlerosis 1t

would be of great interest I doubt that they found any agmficant
alterations m the blood yessels
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Experimental Hypertension m the Rabbat

Ten years ago it locked as though hypertension produced bv con
striction of the renal artery was due to the release of remn from the
bhidvey ito the renal vein In the dog it had been shows that hyper
tension could be produced in the svmpathectomized ammal by con
stricting the arterv to o hidney grafted m the neel. or grom (4, 5)
The Buenos Awes school hiad found an excess of 4 pressor substance 1n
the blood (6) The only known renal pressor substance was renm,
discovered hy Tigerstedt and +on Bergmann in 1898 (16), subse-
quently entombed, and disinterred by many workers between 1936
and 1988 (9, 1Y, 13) Remn would produce the same hind of gross
crrculatory changes as were found in expenmental hypestension (19,
11) Tt acted by sphiting 2 plasma protem mio » smaller molecule
sngiotonin, or hiypertensm, and this had properties sumlar to the
substance found i the blood by the Buenos Awes group (6,8) Since
{hen an mcresung body of evidence hos acournulated to show that
the refease of remin by the hidney 15 not the only factor nvolved
1 want to summarize this evsdence ns presented fo us in the rabint

In the autumn of 1936 Prinzmetal pud I bepan trving to repeat
Tigerstedt and yon Bergmann’s observations on remn Haviag found
that renin existed, we set out to try and assav st w the hidneys with
a view to finding out if 1f was incrensed 1n expenmental hypertension
As 5 standard se prepared an aleohol dried powder of rabbits ladnevs
and defined one unit as the amount of rern tn 100 mg of standard
powder * assaying unknowns by trying to match ther effects on the
- ©nce then there

rent units are

. mn (1) uwng

at & umt & ghen weght of a gven substance which proved stable at feast for some

yeare end (2) assayng the unknosn by trymg to fiod the amount that ®ould prodyce

the same effect ns & given amount ol standard One of the most urgent needs 15 to

agree to a umt of remn Which should be defined ss & cerfain weight of & standaed
stable preparation of renm hept in & central depot

L4



E-xperimental Hypertension in the Rabbit 43

Blood pressure of the unanesthetized rabbit with snlu(ho:ls ‘:;tl :‘}:2
tandard The error of this method 18 substantial certainly

:m{gx of 25 per cent But vanations 1o the remn content of rabbits
Ludneys exceed this error Restnching our enquiry 1o ammals W::‘ ::;
bidney we found that 1 ammals wth the renal astery constnc P
{1) remm was greatly reduced when the constriction was :dev‘cre ulo

the kidgey mfarcted In these anumals hypertension exsted for only
2 or § days before the blood pressure fell below normal pror to
death (2) Remn was mncreased 10 animals developing hypertension
ithout renal infsrction provided the adney was obtained m the
first week, (3) Remn was normal 1n ammals having hypertension
fastng ¢ months or more {14) (Fig 1)

The second observation came my way by chance In 1939 Muss
Tl and T had shown that we could mamtam hypertension by remn
mfusious Iasting 4 hours apd I was anxous to obtan figures com
panng the rate of the declne of hypertension after stopping an 1
fusion and alter removing \he sole 1schemic kadney So m a number
of ammals the ludney was extenonzed when the rensl arter was
constneted and at the end of a week excised The blood pressure
fell to normal 1n about 4 hours taking the same time to do <o as after
the stopping of 2 renin infusion Now 1n 1938 Dr helsall and T had
shown that where all visible nerves were removed from the pedicle of
the sole 1scherme hidney* of the rabbit hypertension persisted To
make the demonstration even mwore convineing we then removed the
ludney expecting the blood pressure to fall Ta aur surprise 1t did not
After our sssays were complete and I had had time to think about
these results the possible mpl of these duffe m the
effects of nephrectomy became apparent and I set out to confirm
and extend them T published the results 1n 1045 {12)

§ f:;:‘ih;n: 1: m: -:! “: }:xhhxtsl exasing the sole wscheme hidney
to normal n a,;:w’;t’)ng 5 renal sotery reduced the blood pressure
urs the pressure staymg down til the ammal

died of urema 1n 3-4 davs (Fig 2) In 8 rabbits exaising the sole
wschemic Tadnev ¢ months or more after constncting the renal arter
did not abolish the hypertension the Pressure staying essentially u }
altered Ui the animal died (Fig 3) Extraction of the Ussues oiylhen
animals showed no source of rem other than the tadney Tn se
jection of
temn <howed that the response of the chroncally hypertensive
nephrectomized ammal was upusually inten<e and prolonged prob
Mo o et 575 . the o

To aveid confuson "sole
artery has been constricted
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Expenimental Hypertension 1n the Rabbit

Ten years ago 1t looked as though hypertension produced by con
stniction of the renal artery was due to the release of remn from the
hiduey ito the renal vemn In the dog it had been shown that hyper
t could be produced 1n the sympath d anmmal, by con-
stncting the artery to a hidney grafted mn the neck or grom (4 5)
The Buenos Awres school had found an excess of ~ pressor substance 1n
the blood (6) The only hnown renal pressor substance was yemn,
discovered by Tigerstedt and von Bergmann mn 1898 (16), subse-
quently entombed, and disintersed by many workers between 1936
and 1938 (9, 11, 18) Remn would produce the same kind of gross
crrenlatory changes as were found 1n expenmental hypertension (10,
11) It acted by sphtting a plasma protemn nto a smaller molecule
angiotonin, or hvpertensin, and this had properties smilar to the
substance found 1n the blood by the Buenos Aires group (6 8) Since
then an mcreasing body of ewidence has accumulated to show that
the release of remin by the hidney 1s not the only factor mnvolved
I want to summanize this evidence as presented to us mn the rabbit

In the autumn of 1936 Prinzmetal and I hegan trymng to repeat
Tigerstedt and von Bergmann's observations on remn Having found
that remn eusted we set out to try and assay 1t 1n the hidneys with
a view to finding out 1f 1t was increased m experimental hypertension
As a standard we prepared an alcohol dried pow der of rabbits’ hidneys
and defined one umit as the amount of remin 1 100 mg of standard
powder * assaymng unknowns by trung to mateh their effects on the

* This was the first attempt to carrv out a biological assay of remn Since then there
have been many others each employing 2 different umt All these different umts are
wost confusing The method ongvally proposed was sound m prnople i (1) nsng
as & unit s gven weight of a gven substance which proved stable at least for some
years and (2) assaymg the unknown by trymng to find the smount that would produce
the same efect as a gen amount of standard One of the most urgent needs 13 to
agree 1o & umt of renn which should be defined as & certan werght of a standsrd
stable preparation of fenan Lept 1n a central depot

42
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#Hy a summation of the effects severally of nephrectomy and chrome
hypertension but the blood pressure returned to the premnjection
fevel 1n aff ammals The persistence of the hvpertension in the absence
of the spurce of remn thus suggests unmstakably that the hyper
tenston 15 due Yo o cause other than remn

Orgame vascular lesions were not the cause Morcover Drs Blachet
and Sellers (3) have recently shown that removing the clamp from
the renal artery abohshes the hypertension quichly of short durt
tion more slowly 1f of long duration The smplieation of these obcerva
trons secmns perfectly clear The mechamsm of hiypertension 1< essen
tially different early and late after the consincuson of the renal ariery
T~ i T

1

R )

the accumulation of a pressor substance normally excreted or de
stroved bv the hidney In the late stages the hypertension cannot be
due to something corung out of the hadnes since remoying the hidrey
does not affect 1t unless it 1s a2 Jong acting pressor substance such as
that described by Shipley and others (15) It must be due to sn
actinity of the hadney since remosing the damp abohishes it Yt nught
obuiously be due to the accumulation of a pressor substance probably
of estrarenal ongin normally slowly excreted or destroved bs the
lidney or to an accumulated defictt of a depressor substance normal
I secreted by the kadney The terms depressor and  pressor sub
stances are used in rather a wide seuse since the aetnvity of the Lid
ney m changing the mulieu interne 13 strkingly slow and cumulatis
m chrome hvpertension Our 1 as to the ch h .
are smifar to those reached by Ogden an eagu

thifferent grounds though J czmzmlggo al} l:e}:;sa: n!ltl'xesf‘;;sen(:n q“ll:e
part played by the central pervous system The conclusion: e
chromic hypertension are sumilar 1o those reached by Groll ek
on very different evidence AR sgatn

My conception of the mechamsm
that the two factors are concerned f:fx:{i‘::r:fxgnl:t‘?; T s
the secretion of the rensl pressor substance probab}, ot ot fint
more mportant Later the other factor 15 the more ety
2::01‘\“02 \{gzld explain a faet that has troubled :‘:V:::m e
- nl‘:‘t:\t "Fre‘ﬁ\\s Srst paper and observed 1t my self Tepe ls‘([illCE :
quently after the constricting of the QA
Arteral pressure rises progressiy ely over weeks o o ery the
ever the stmulos within the Ldney that ew;e?o&tzshNoe; what
ypertensive
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Fioore 1 The remm content
of the kidney n umts per
gram m rabbits from wheh
one hidney had been removed
In those anmals with no hy
pertension the lidney was
either ntact or had had the
renal artery exposed but mot

clamped In amimals in nhich the renal artery was clamped the hypertension
lasted up to 2 days and then subsided the hidnev was found infarcted and con
tamed little remn In ammals with mamtamed hypertension the hudney showed
mereased Temn from 2 to 8 days after clamping and a normal renm content
from £ to 6 months after clampmg (Pickering Prinzmetal and Kel all Clin
Sc 4 401 1942 Ths figure and the followng three are reproduced by permis

sion of the copynght owner }

Figure 2 Rabbit 185 Rught
idney removed (RN) 10/
17/88 Left renal artery clamp.
ed (LC) 10/31/38 Left hid
ney rvemoved 11/8/38 The
arternnl pressure returned to
normal after nephrectomy
(Pichering Chn Sc 6 229
1945)

44

Fiaure $ Rabint 513 Right
nephrectomy (R ) 7/28/43
Left renal artery constricted
(LO) /11748 Left hidney
removed (L N) 10/7/43 The
arteral pressure did not return
to normal after nephrectomy
(Prckermg Clm B¢ o ™99
1914}
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abls & suamation of the effects sev eralls of nephrectomy and chrome
hyprrtension, but the blood pressure returned to the premnjecuon
1e+¢1 10 al} anumads The perwstence of the bypertension in the sbeence
of the source of remn thus suggests unmistahalds that the hyper
tension 15 due to a cause other than renm
Ovgame vasenlar lesions wese ot the ewse Moreorer Drs Blachet
and Sellers (3) have recently shown that removing the clamp from
the renal arterv abolishes the hypertension quickly af of short dura
. wore losly o of long daration. The mmplication of these observa
tsons <eems perfectly clear The mechamsm of hypertension 1 essen
tally different earlv and late alter the constniction of the rena) arten
In the earfy stages the hypertension must be due to somcthing com
10g out of the kidney since removing the hidney abolishes 1t 1t cannot
be due to the secretion by the hadney of a depressor substance or 1o
the aceumulation of 4 pressor substance normally exereted or de
stroyed by the hidney In the late stages, the hypertension cannot be
due 1o something coming out of the ladney since removing the udney
does not affect 1t unless 1t 15 a long acting, pressor substanee such as
that deseribed by Shiples and others (15) It must be due to an
actty of the kiduey since removing the clamp sholishes 1t Tt mught
obyiously be due to the accuraulation of a pressor substance probably
of extrarenal ongin normally slowly exercted or destroyed by the
bidney ot to an accumulated defiart of a depressor substance normal
¥ secreted by the hadney The terms  depressor and pressor sub
stances are used 1n Tather a wide sense gmee the activity of the Lad
ey in changing the milieu interne 1s strkingly slow and cumulative
m chroni hype Qur 1 as to the changing mecl
#re sumilar to those reached by Ogden and Wis colleagues on quite
dfferent grounds though T cannot g0 all the wav with them ot the
5;“ Pia; ed by the ceptral nervous system The concluyons as fo
rome hypertension are sumlar to
nn\\ ery (ifferent evidence those seached by Grcliman e
Iy of the mech of b
it the two factors are concerned from 31:9 Dutset gﬁt’ifn:“ ::' ‘é ‘t
the secretion of the renal pressor substance probably reqin s :1:
more important Later the other factor 1 the more Mmportant Th ©
coneeption would explun a fact that bas ¢ dled . s
28 troubled me ever since T
saw 1 m Galdblatt s first paper and ol d °
the 1abbi Frequent) O served 1t mysell repeatedly 1n
et quently alfter the constricting of the enal priery the
PIESSUre 1 es progressivelv over weeks or month
ever th s Now what
r the stimulus within the kidnev that erokes th
e hypertensive
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Froure 1 The renn content
of the kidney 1n umts per
gram 1n rabbits from which
one hidney had been removed
In those ammals with no hy
pertension the kidney was
either intact or had had the
renal artery exposed but not

clamped In animals i which the renal artery was clamped the hypertension
lasted up to 2 days and then subsided the hidney was found infarcted and con
tamed hittle remn Jn animals with maintamed hy pertension the Lidney showed
ncreased renin from 2 to 8 days after clampmg and a normal renm content
from 2 to 6 months after clamping (Pickering Prinzmetal and kelsall Chin
Sc 4 401 1942 Ths figure and the following three are reproduced by permus

sion of the copynight owner)

Froure 2 Rabbit 185 Right
Lidney removed (RN) 10/
17/88 Left renal artery clamp-
ed (LC) 10/31/38 Left Lud
ney removed 11/8/88 The
artenal pressure returned to
normal after nephrectomy
{Picherng  Clm Sc 5 229
1945)

[

44
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13 T 4 e e
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Fiovre $ Rabbit 518 Right
nephrectomy (R.N) 7/28/43
Left renal artery constricted
(LC) 8/11/43 Left ldney
removed (L.N) 10/7/43 The
arterial pressure did not return
to normal after nephrectoms
(Pichermg  Clm Se 2 29
1915)
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in the same time by constricting the renal artery It 1s less than that
often found 2 months or more alter constricting the renal artery

5 The responsiveness to remn does not seem to be altered by e
moving 1 ar 114 kidneys .

8 When the mnfusion 1s stopped after penods up to 18 days the
blood pressure returns to normal or below i a few hours 1n all ammals
There 15 no tendency for hypertension to perast after stopmng remn

7 Whie we were able with renn to produce mamtained hyper
teson 1n all ammals we were unable to do so for more than two or
tkree days with poradrenaline or adrenaline or mixtures of the two

1 should feel mn a stronger position to comment on the mplications
of these observations on the problem of experimental hypertension 1n
the rabbit 1f we had been able to continue infusions up to 2 months
But while the spmt was willing the flesh both human and rabbit was
weak for these did prove most exacting experiments With {hys veser
vaton I think we can say that the resufts ate consistent with the
tdea that the release of remin from the renal vem may be the chief

I rtrw - T ¥

v siudieq vy the changes 1n renal function occurnng as 2 result of
renal artery constrichion T regard the 1dentification of this mechamsm
intervening m chronic hvpertension as the most ym

portant outstand
11g problem 1n the field of hypertennion
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response, 1t 1s difficult to imagine that 1t 1s not maximal soon after
constricting the artery, sice later the general artemal pressure nises
and collateral vessels may grow 1n from the capsule This slow nse 1
compatible with the slow intervention of the new factor that dom:
nates the chrome stages

In the cffort to unagme to what extent the secretion of remn from
the 1schemie kidney may contribute to experimental hypertension
there has hitherto been one very materral barrier, namely, 1gnorance
of the properties of remin hypertension In 1939 Miss Hill and I sue
ceeded 1n maintaming hypertension with remmn infusions lasting 4
hours, provided the dose was not too large But it seemed vitally
mmportant to maintam mnfustons for much longer periods Drs Blachet
and Sellers and I began such observations 8 years ago and eventually
suceeeded 1n keeping infusions running nto the external jugular ven
of the conscrous rabbit for pertods up to S weeks, by attending to such
details as the maintenance of absolute asepsis in the infuston ap
paratus We and our subsequent colleagues have established the fol
lowing poimnts

1 Hypertension 1s mamtuned throughout infusions of remn last
g up to 18 davs (g 4)

1 py——— Ficune 4 The daly average
&Eﬁ?, L) artenal pressure durmg a con

/iR tmuous ntravenous nfusion

s of saline for 2 days renm for

17 days and then salne for

3 days Note that whie the

dose of renin 1s left constant

L the arterial pressure fluctuates

[+ without any tendency to nise

Hrehs or fall After the infusion was

@ stopped the artenal pressure
RARBIY fell to normal i ¢ hours
" (Blacket ef of Chn Sc 9

* 223 1950 )

0 2 4 & 8 1 12 4 1% 18 20 N
DAYS

2 Provided the dose remains constant, there 1s no recognizable tend
ency for the hypertension to nise or fall over periods up to 10 days

8 Increasing doses produce progressively smaller increments of
arterial pressure response being approximately linearly related to the
logarithm of the dose

4 The maimum degree of hypertension produced was 40 to 45
mm Hg This 1s the order of the hypertension that can be produced



The Remwn Angiotonn Pressor System 49

have hived long cnough to secogmze sorae of our shmtcommgsf but
1ot lung enough to get the facts on which must be based o sn(;: ying
salution of the problem Perhaps others with even fewer whabitions
than we will find the key while we are sl busy taking over debns
¢reated by our more youthful efforts In the words of Bishop ﬁe:kc\ey:

Tie have first rased a dust and then complam that we cannot see
Let us hope that at least we can quit complasmng

Remn
Nature The story of remn begins 10 1898 when Tugerstedt and von
Bergmsnn (1) showed that saline estracts of fresh rabluts kidnets
shen injected 1nto anesthetized rabluts produced a yise 1n the blood
pressure The active matenal was unstalbile to heat and non dulyzable
It was not until 1909 that the work was confirmed by Duwgel and
Strauss (2) who further showed that yuch of the pressor actuty
was preapitable by ammomum sulfate between 35 and A= satura
tion Press ymce from most other organs regardless of the type of
anmal source with the possible exception of the spleen produced a
{all 1n the arteral pressute rather than a nse as abserved with kidnevs
Then followed a period of years dunng which these results were
part confirmed but mostly demed For example Yearce {3} was un
alfe to obtam pressor extracts from dogs hadneys whereas rabbits
Kuduey extract was active Prese juice gave only depressor effects
Vincent and Sheen (8) recogmzed as early as 1903 that the prob
lem was no simple one Thev found evidence that hudney tissue con
tains both pressor end depressor substances But most other tissues
as well contam both a view that was endorsed many years later by
Colip (5) Vincent and Sheen conduded that tm general, pressor
substances ate extractable by snlime solutions at ordnaty ‘empera
tutes while depressor agents are extractable by hothing saline which
destroys pressor substances
1):‘;:";&);0 :E::xﬁf:? hu‘: somewhat faltering attemupt to further
escribed 10 Battv Shaw s bool. Hyperpena and
Hypermens published m 1922 He at d
and von Bergmatn s ongial result: h ‘nl oot Tgemtedt
the kidney extract from g b st‘? oy moderate success But
saliae gove only d H ypertensive patients extracted with
g2 y depressor effects Using anumals freshly killed how
ever he was able to find fairdy marked pressor effects from fad;
extracts especially when compared with extracts of hver and ;:r:: .
whith were umformly and strongly depressor n

In 1924 James Cosh pubhished s smportaat work showing that
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‘The Renin-Angrotonn Pressor System

Tats symposium marhs the formal acknowledgment, though cer
tanly not a final conclusion, of the work of three men, Dr Bell, Dr
Fahr, and Dr Clawson Their retirement we must regret, though it
1s 10 tune with the orderly course of nature which we all must serve,
and whose workings thev have so diigently esplored Therr vaned
contributions have heen wrought with great skill and favored at tunes
with good fortune Hence they will endure No man can wish for more

It hns scemed to me that a sympositm such as this serves a hughly
wnportant function af st 15 used to air opimons denved from expenence
and compiled with what wisdom we can As concerns the remn angio
tomn system I must confess with regret that our ongimal hopes have
not been met and our goals have changed repeatedly It has not been
shown that apgiotommn 15 the mediator of esther renal hypertension
1 ammals or essential hypertension in man despite much testumony
i favor of this point of view Nor has 1t been shown that it 1s not
The final resolution of this problem remains for discovery In saying
ths T do not in any wiy wish 1o minimze the importance of all the
experiments and ohservations that have been made but rather to state
the goal cletly i front of us

Tt 13 one of the prerogatives of getting older to have opmons I
shall utihize this fully 10 my discussion m the hope that by showing
some to be wrong and some to be right we shall all emerge from the
somewhat 1ffy posiion m which we now find ourselves Ve have ail
been guilty of covering up and, unwittingly adding to the complexity
of the problem by such devices as gving names to uncertan phe
nomena, of drawing oo sweeping conelusions, and of giving undue
importance to 1solated phenomena But without this immature and
youthful approach we should not find ourselves with so many vistas
which can now be explored with more thoroughness cqual resolution
and Thope greater equanumty None of us I believe, would pretend
now to give final answers on this key problem i hypertension We

48
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to pH 645 Alfter centnfugation the supernatant fimd 15 bn:mghl i0a
concentration of 2 M P phosphate The p 1 “%“dm
brought mto solution and reprecipitated After re-solution the adds
ton of salt and scebe and precipiates iarge amounts of wactine
protem and pigment Dualysis and the adjustment of the pH to 65
preapitate further mactive protemn

A wide vanety of modifications of this method and others some
what different are currently employed They are all dependent on
treating remn a8 thongh 1t were a labile protem The method now
used 1n our own laboratory by Dr Arda Green consists of grinding,
frozen Lidneys mto 04 M ammomum sulfate at pIL 20 a5 the imtial
step By repeated fractionation at different concentrations of am
monmm sulfate and at dyfferent hydrogen 10n concentrations 2 high
1y active yenm 13 obtamed

Tt would serve no purpose to present in detall any of the methods
svailable for the preparation of remn The orginal articles should be
consulted (9) There 1y as yet no way which all mvestigators are
agreed on of wely the different preparations of
remn Aboub the best that can be said 15 some preparations are far
more active 1 terms of milligrams of protemn mtrogen than others
when tested on dogs cals or rabbits But no one has so far deter
mied which steps 1 the preparation of remn sre most efficient

Doubtless many of the precantions which are now recommended are
needless

Properties Unbil 11 vears ago renin was regarded as a pressor sub
stance hut no one had any wea what sort of substance 1t was 1
think the first elue to 1ts nature came from the observation of hohl
staedt Helmer end Page sz 1598 (16) that punfication led to a
erked inerease In pressor activity when tested m the intact ammal

but that when perfused slong with Runger s solution o doz ¢ a
constriction became = ~~

i
w3s only when we ac
remn and Ringers wos s JUBRY Was restored Clearly
something 1n plasma was necessarv for the setiwity of remn and
thinking we were bemng ultraconservative we named the substance \n
plasma  renn activator tond

¢ate that i 1t absence remn wa
s I
a.?h‘,e This subsequently proved an unl choice which a few
ot our screntific colleagues have been at ve,
e oot Ty considerable pains not to

In the late fall of 1938 Helmer and 1 {
11 12} found that
cubating rentn with Plasma and then ultrafiltering theﬁ::nx:\‘x;:r ::e
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hypertension could be produced in dogs by red g the total kidney
substance, but that, i addition, hypertension did not oceur unless a
portion of the hidney which had been deprived of its crreulation had
been allowed to remamn wn situ This observation was confirmed 1
1929 by Hartwick and provided the impetus for the work n Volhard s
Jaboratory by Hessel (8) on remm, the first publication of which ap
peared m 1932

Fresh mg kidney and spleen press jmee was found almost always
depressor, an observation which we have been able repeatedly to
confirm The depressor was dialyzable It was only after autolysis that
pressor achivitv appeared But Hartwich and Hessel (7) found an
ultrafiltrable pressor substance and concluded that both the de
pressor and pressor substances were of small molecular weight If
these abservations were to prove true, prior concepts of the nature
of remin would have to be radieally resised Their work has never been
repeated by others so far as I am aware Thauer confirmed the ob
servation that depressor substance could be separated by dalysis, but
the pressor substance, as Bingel had shown he found to be preaiptable
by ammonmm sulfate and its activity to disappear on complete de
proteimzation

Hessel's (8) last pubheation 1n 1938 summanzes his more recent
results and views Unfortunately, many datms are unsupported by
evidence My personal experience with Dr Hessel leads me to belteve
that probably most of the claims have some although not complete,
vahdity Tn short, he found that long autolysis of the hidneys reduced
the amount of remn and the amount was mdependent of the blood
contaned 1n the kndneys He defined a unit of remn as that amount of
renin required to rase the blood pressure 30 mm Hg in 2 10 hifogram
dog under pernocton narcosts His preparations requred from 01 to
02 mg of dry substance for o umt He prepared remn from Lidness
frozen 1n Ligmd arr showmg that post mortem autolysis was not
necessary for the formation of renin On sterle autolysis he was un
able to show an increase i the renm content

Our own worh was begun 1 1931, stimulated by Hessel and later
by the announcement of the production of reproducible hypertension
without & reduction mn rensl function by Goldblatt in 1034

Preparation. The usual procedure for the preparation of remn con
sists of drying hdney cortex with acetone and ether and then ec
tracting the stable dred ponder with cold sahne or the ground
cortical materal 15 extracted directly with saline The filtrate 15
brought to pH 4§, the precipitate discarded angd the filtrate adjusted
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Now we shall consider even more brefly the problem of the sub
strate on which renin acts

Remn substrate (hypertensmogen} 1 have already desenibed how
we arnived at the conclnsion that renn iself 15 ot a pressor substance
but requures the presence of snother protem contaned m plasma for
s vasocomstrictot snd pressor action Helmer and I and jndepend
ently Hraun Menendez Fasciolo Lelowr and Mufioz found the prod
wct of this reaction to be s dialyzable heat stable substance of much
fowes molecilar sze ihan sther of the other constituents of the
reaction

Fractionation of hog serum with ammomum sulfate by Plent! Page
and Davis (17) showed that the aipha, globubin component con
tatned the materal that avted as the substrate for the production of
angotonm Euglobuling were enrely inactive While remn substrate
moves with the alpha globulm fraction n the electrophoresis appara
tas 1t has not as yet been prepared 1n an entirely pure form and
much too bitle of its chemstry 1s known

About 10 years ago we (18) mvestigated the ongin of this sub
stance 1p the body and showed not wholly copclusnely that the

liver was its source In our expeniments hepatectomy was perfarmed
PO

1

' y s wew & LVEL Lo prevent the discharge of rems dusing
the operation of hepatectomy e have adopted Leloirs suggestion
and confirmed our previous observations Unless some other objee
tion arses 1t seers safe to assume the liver as the souree of Temn
substrate

There have been published a number of papers dealing with the
cancentration of Tewn substrate m the blood It may well be that
the results will wltiately turn ot 16 be correct &t least 10 & semy
Quantitative sense but I strongly fear that some of this work will
Tequure revision when better methods are avatable

Itss then with hesttancy that T state that the pitutary has no part,
M its production that nephrectomy elevates ke blood concmlrz\v
aud that Temin mjections reduce 1t 83 does alsa the onset ;ﬂ h‘-“’”
After adtemalectomy repm substrate 18 said to . iy
blood Simee most of us Sippear from the

here have been respo
n;
l!l\:se observations 1 do not dare poms she ponsible for some part of



52 A Sympostum on Hypertension

had a highly active pressor substance in the ultrafiltrate From this
observation our htherto muddy thinking clinfied and 1t became
obvious that an enzvmatic reaction was involsed with the formation
of 2 new substance Evidently 1t became equally obvious to Muiioz,
Braun Menendez Fasciolo, and Leloir (18), for they published stmul
taneously with ours a prelmnary note m Nature suggestng that
remn 1s an enzyme

This justly famous group under the brilliant direction of Braun
Menendez, has continued ever since to build the foundations of our
Rnowledge of the renin angiotonin system

I need not pursue the testimony which makes 1t altogether probable
that remn 1s a proteolytic enzyme acting on a protemn contamed m
plasma to produce a third substance Plentl and I (14) have tried to
charictenze this proteoly tic property by companng 1t with the stm
lar action of enzymes and substrates of ® known constitution Berg
mann 1nd Fruton classified these mtracellular enzymes as pepaunases
try psinases, ammopeptidases, and carboxypeptidases because of ther
analogies to the enzvme of the gastromtestinal tract It might have
been expected that renm would be homospecific with pepsin from the
mmportant observations of the two Croxattos that pepsin acting on
substrate produces & pressor substance This did not prove true Renm
15 heterospecific when compared to pepsin or mtracellular pepsinases
Prolonged dinlysts of remin resulted in the ehmmation of the carboxt
peptidase component and other evidence gives but httle support to
the view that remin ictivity and trvpsinase or aminopeptidase activity
are homospecific Thus renin seems to belong to a separate category
of mtracellular proteols tic enzyvmes cathepsins 1 to 4 This evidence
has been recently strengthened by Schales Holden and Schales (15}

Renin 1s also hughly speeific 1n that a pressor substance 1s produced
only when the substrate and enzyme are of special sorts As Fasciolo
YLelosr Muiioz and Braun Menendez (16) first showed human renm
vields angiotonm when acting on the plasma of men, pigs and dogs
but pig remin produces none when mecubated with human scrum
Others have further amplfied our knowledge of renin and substrate
(Bean 44 Helmer and Page 45)

There are many other speaific chemieal and physteal charactenstics
of renm which are partilly known But much of the work 1s clouded
by the fact that remin has so far not been got out pure Until this has
been accomplished we are forced to accept with reserve conclusions

drawn from 1ts study
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permental renal and human essentral hypertension differng only 1
dﬁ'?‘lhls 15 1mportant evidence but it 1s not conclusive Much l:sh‘
mony weighs against the genetic relationship of angiotonin and artenal
qson The chief powts are

hvfe&tz‘nt;:rnmn nor an;‘:\nnm has been demonstrated sauistactonly
10 1neteased amounts m the penpheral srtens! Hlood of hypertensives
or even 1o normal amounts for that matter Thus 13 2 problem we
smply cannot answer at present because of lack of methods Many
ways have been suggested to get out of this dlemma such as that
angiotomn 15 taken up by the sascular musculature ps soon as i 13
formed but 1t ys no use Voe must face the problem and I fear that
barring luck until more 1s known of the chemistry of angiotomn not
very much can be expected in the way of progress

2 Repeated tnjections of rewm inlo hvpertensive rabbits produces
tachyphylanis but the blood pressure does not necessarily fall as
Taggart and Drury (20) first pownted out Even m expernmental repal
hypertenuive dogs tachyphylaxis 15 not accompamed by a fall mn
blood pressure

The problem of why tachyphylanis to remn occurs 1s a vexed one
Doubtless 1t can accur as a result of the exhaustion of the substrate
but this does not seem the usual cause since admimstration of punified
substrate or {resh blood does not overcome 1t In part 1t1s due to the
acttvity of the autonomic nexvous system since dorsclumbar sympa
thectomy or the ad: of tetraethyl chlonde re-
stores the response 1n some cases wholly and 1n others partially (Fig
1) But there are stil other factors which have as yet eluded us

3 The artenal pressure 1s immediately reduced to normal levels 1n
Dbypertensive rabbits by the destruction of the spmal cord 1n byef
expenments although such pithed ammals show no parallel depres
SI0N 1n response 0 wjected reny (Dock 21} The operation dogs
yields similar results but after complete recovery the astenal pres-
sure agmn nises to hypertensive levels (Glenn Chid and P 3

4 The removal of both ludneys m hypertensive do age 2
necessarily redoee the blood gs Coes not

pressure to normal as many mvestiga!
bave shown whereas bilateral adrenslectomy will do si etors

While there are several partial e
xplanations of th
oppose the renn angiotonin co e facts whuch

veept none of them has a satsstacto;
f;ctual basis The testimony 35 smply nat all m on ether nde henx;:ye
the unwisdom of compellng a decision at this time

To know the chemical constitution of angiotonin would be extraar
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of the reaction must be determmed by bio assay Pure standards are
not avalable Interfering substances have not been recognized and
steady state reactions have been entirely ignored Having confessed
our sins, T am sure future investigators will do better The least we
can now do 15 re examne the current methods to determine whether
they are faulty

Angiotomn (Hypertensin)

With the recogmtion that renin protein was not itseif a pressor sub
stance but required a protein in plasma, the possibiity arose that
Tenin was really an enzyme In 1939 we (11) wrote “It 1s suggested
that remn 18 an enzyme~—not a pressor substance—which acts on a
substrate (remmn activator') to produce a prescor substance, ‘anglo
tonn’” As I have already pomted out, Helmer and I had found a
strong pressor agent in the ultrafiltrate after the reaction of renmn
with remn substrate, and simult ly Braun Menendez and s
group announced that they had found a similar substance I think
from personal commumication that both groups were quite well aware
that an enzymatie reaction was involved though somewhat clumsy
efforts have been made to stress the differences rather than the um
formity in therr points of vien But that 15 all i the past, and we
are left only with a residue of conflicting nomenciature that nobods
can change now and that as long as it 1s understandable makes httle
difference

With the discovery of angiotomn there was high hope that at last
a vital hnk 1n the mechamsm of at least renal hvpertension had been
found Despite the current pessimism I stall think 1t has'

We all had the bad Iuch to have angiotonin turn out to be 2 polypep
tide nstead of some eamly measurable aromatic pressor amine This
has prevented the elaboration of methods for 1ts determmation and
thus blocked progress immeasurably But with ali these difficulties
the facts circumstantial though they may be, strongly link angiotonin
with the presence of certain tvpes of hypertension This evidence may
briefly be schematized

1 'The reactants for the production of angiotomn are constantly
present 1 the body and are liberated mnto the blood stream under a
vanety of physiological and pathological circumstances

2 Changes m the curculatory dynamics withm the Ridneys cause
both hvpertension and possibly the liberation of renin

8 Then mfused mto ammals or men, angiotonn produces a hyper
tension which has almost every hemodynamic observed iu both ex
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e rate at which proteolytic enzymes act upon & subatrate of § nown
structure 15 dependent upon the nature of the substrate and the en
zgyme Comparing the rates for different enzymes such as pepsin
chymotrypsin carboxypeptidase, and trypsin gives from anslogy
with hnown substrates some idea of what the vanous peptide linhages
m unhnown substrates are

Subjecting apgictonmn o enzymahe thgestion with the four crystal
ine enzymes and measutng the rate and bydrogen 10n optima allowed
s to draw certamn tentatine conclusions which are embodied 1 the
follawtag  wathing  structure for apgotonn It 13 mctured as a
tetrapeptide but rmght well be a greater or lesser one

Structural Formuta of Angtomn

Aromaty: Basic Acd Aromatie

M~ C0—-NA——LH L O NP CH N H L1~ CO01

I do not propose to go further nto the reasoming behind this tenta
tive proposed structure except to say that while some of the basic
structure 15 doubtless as here concerved many wital parts must have
been omrtled or wrongly portrayed At any rate, it 15 & start and I
bk not a poor ane

The formatien of angwotonn in vitro gives a few helptul dues tots
nature The evidence largely crcumstantal suggested that renwn
was the enzyme which acted on a substrate contamed 1a the blood to
produce angiotomn This was given substantial support by a kinetie
analysis m which it was shown that the reaction was of the first
order (Plentl and Yage 26) whuch s the order charactenzing many

enzymatic Teachons The system however 13 comnfa tad Lo
pac= -

d
w “ » # 1 nowstaedt and L {28) found

at
lﬂ:ast 2 anwaten = 3 from wuscle Liver
. between pH 7 and
P catestat i 40 ww ooy which actinity was

There now seems to be ittle donbt th
at the r

tomin and 15 yTeatic one :med onom 1‘9!!“'68!1 Pl
and Page 25) What appear &

0 be satisfacte (Plentl
nuastion have been develo 7y wethods for ity deter

ed by B
and haye been emploged m Ped by Braun Menendez and s

this conntev especially by Dexter (Eg;; "
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Fioure 1 An example of the fadure 1n some dogs with the spiwnal

cord destroyed from Cg caudad to develop tachyphbylaxis from the

repeated mjection of renin TEAC also somewhat enhanced the

remn response Ths 1s an example of the participation of the
nervous system in the response to renin

dmarily useful as giving a more rational approach to the problem
The evidence from physico chemrcal mvestigation strongly suggests
that 1t 1s a polypeptide with an 1soelectrzc point at pH 68 and a
molecular weight of about 2700 calculated from the diffusion con
stant On the basis of paper chromatographic analysis Edman (28)
found a variety of amimo acids m hydrolyzed angotonn solutions—
histidine 289, alanme, 389, proline 5%, tyrosine < 2%, aspartic
acd 45% glutame acd 5% etc Helmer (24) has recently shown
that angiotomin can be separated by paper columns from components
giving a positive ninhy drin reaction Free hustidine 1s readdy removed

To gather some notion of the configuration of the angiotonin mole
cule 15 extremely difficult, since 1t has not been got crystalline or pure
and becomes mcreasingly labile with purtfication The problem was
approached by Plentl and Page (25) using the system of enzyme
analysis of Bergmann and Fruton This 15 based upon the fact that
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hypotensive Alter the return of the plasma angotonase to norm::ti
Ahe urtens) pressute sose to hypertensive levels Clearly this wou
be strong evidence 1n favor of the view that angiotomn 15 the true
medator of renal hypertension if the enidence had not been drawn
from a simgle expenment 10 a single dog and if the amounts of angio
tonase admmstered had not been so enormous At the same time st
may be used as evidence aganst the view that essential hypertension
or the toxemia of pregnancy 1s so medinted for 1 these disenses the
angiotonase content of the blood 15 not sigmficantly changed (29 3%)
‘This 15 ag umportant area of endeavor hence it cannot be treated
Lightly lest we be badly musled Thave sad enough to indicate to you
that 1n my opumon the groundwork has not as yet been satisfactonly
{ud hence arguments based on 1t as to the participation of angro
tonin sn the genests of vanous types of chimeal artenal hypertension
may well be faulty

The conception of the suople enzymatie destruction the bload
stream of the mediator of hypertension 13 an appealing one and has
appealed to many mvestigators all or most of whom so lar have
come away from the problim unconvinced of its validity We had a
try 10 years ago to determme whether the hypotensive achion of hid
ney extracts 1 due to their ability to destroy angiotomn A comparson
showed however that the relationship between the two 1s ques
tionable even though they may follow each other dunng vanous pre
cipitations and further that when the angotonase fractions were
deliberately ¢ the hyp action was not enhanced
wn direct proportion Tve have therefore never believed that the hypo

tensive nction of kudney extract 1s directly due to 1ts angrotonase con
tent (35)

Pepsitensin In 1942 the Croxattos (36) made the important ob
servation that when pepsin 1s allowed to act on remn substrate 2
pressar substance 15 formed which they have called pepsitensin One
wc;uldt;o:‘ suppose from the name that thts substance 15 almost sdents
cal with hy or ang; G has nev
n this field Actually physiologieal studies .’bave d‘ic;:s:?f:;ddu;
fetence between the two substances (g 9 !

The reaction proceeds rapidly onls

7 only at & quite strongly and pH
hardly at all above 70 Helmer and Page (37) pécpz\red r:L :‘:g
crystalhine pepsin since there was some doubt about the en: .
uted by the Crosattos snd were able to confirm therr findin o
pletely with the pure enzyme Accordy o o

mav he obtamned alone by asaid hydro]:g fo Alonse (s6) Pepsttensia

N3
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The enzime or cnzvmes which destroy angiotomn do not appear
from the work of Croxatto to belong to exther the amino oxidases or
phenol oxidnses, but rather to the proteolytic group, more specifically
to the ammopeptidases

Jt 15 not clewr what the precise part played by angiotonase i the
mactivation of circulating angiotomn 1s The distmibution of the en
zymes found by Faseolo, Leloir, Mutioz, and Braun Menendez (30)
was not what might have been expected Intestinal mucosa, for ex
ample has a far greater concentration (1200-16060 umts) than hver
(80 umts) or plasma (1-4 umts) Red blood cells normallv contamn
larger amounts It 15 possible that the high angotonase concentration
m the ntestine merely represents the presence i the unpunfied ex
tract of many proteclytic enzymes which will destroy angiotonmn If
angotomn 15 destroyed 1n the blood by angiotonase 1t 15 surpnsing
that the concentration 1s not greater

In acute experments most organs other than the hadnev do not
appear to be able to destroy angiotonin rapidly On the basis of ex
periments i which 2 marhed temporary increase m the response to
angiotontn was observed after nonshoching hemorrhage m dogs Sapir
stemn Reed, and Drnest Page (31) concluded that blood 35 the major
site of angiotonin destruction with mntact red cells contnibuting Iittle
or nothing Thevy recognize this as only suggestive evidence and by no
means estblished

I have a strong suspicion that the substance we have <o confidently
been calling hvpertensinase or anglotonase 1s m fact only a maxture
of enzymes which have the one property in common of destroymg
angiotonmn and that this mixture depends on the tissue from which
the extract 1s denved It would surels be much simpler to think m
terms of only one enzyme but I have presented enough testimony to
guve one hittle confidence 1 this smople view

Plant cells also contan angiotontn destroyimg enzymes as Croxatto
Croxatto Mannguez and Valuezuela (32) showed in 1942, when
from veast theyv separated enzymes which inactivate angrotontn and
pepsitensin Just what relationship these enzymes have to their amimal
counterparts that mactivate anglatonin 1s not hnown Wheat bran 1s
also a good source of nngiotonases Usmg such extracts, Goflan
Richardson, and Goldblatt (33) were able by the intravenous injec
tion of Inrge amounts to reduce the pressor response to angiotonin and
abolish that to remn In one hypertensive dog, the mfusion of angio
tonases lowered the artenal pressure to normal and reduced but did
not abolish the angiotomn response Inactivated enzymes were not
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ences and 1 prnt 1 am sure you will be reheeed that T shafl nlol
trouble you with them agaw The table on the nest page gives the
amilanbes between the action of angiotonn and the hemod) namie
changes 1 patients with essential hypertension YWhile there 15 near
dentity n most of the comparisons thus could well be fortntous Untl
the quantitation of angwtomn 10 the blood 13 accompliched this sort
of testumony will carry no copvichion Hence my ssew that the next
wmpartant step will cote from pamstahing chemieal studies on the
pature of anglotomn

There 1s however another aspect of the action of remm and angio
toutn that has an element of noyelty—an aspect 1 should ke brielly
to discuss It concerns the responsiveness of the blood vessels to these
substances The abiity of the vasculature to respond 1s quite as 1m
portant as the smulating agent!

First let us examne certain changes which result m an mereased

P 1o ten and sngmiot 1 may say that the two usual
ly but not alsays, change 1 ly The d of the
nervous system by pithng ot sproal cord sechion st Cy very materelly
1wereases the responsiveness to angotonin as well 23 to many other
vacasctive agents Under other eircumstances section of the bram at
varions levels may reduce the respousiveness to remin as von Euler
aid Sjestrand (40) convinaingly showed Ve have found this also

2

Total lumbodorsal sympathectomy produces almast the same
crease as pithing Autonomic ganghonme blockade with tetracthyl
ammonium chlonde also 15 highly effective The removal of the n
habitery action of the sympathetic nervous system thus seems to
hesghten the Tesponse 10 the pressor action of angiotonm and renin

The removal of both kidneys followed by a pertod of a das or two

1
also ¥

angiotonin This has been

the sesp peonally to remin and
dented by some wvestigators but we feel
certsm from o large number of experunents that it 15 true Indeed

the heghtened responsivenes:
5 19 10 same cases almast hited to v
and angiotonin e

Amimal preparations can be made i which
nephrectomy cord de
struction and a smal) amount of TEAC have mcreased the respons:e
ness by from 6 10 10 trmes An example of augmentation with angio

tm(\:;‘\ by TEAC 15 guven m Figure 3 ¥
anges m the snmal which reduce the res,
1

The simplest and quickest 1s the 50 o v g everal

breathimg of 30 per «
ent CO
ammal uuder curare With o fesy mnutes the angotonn re‘s):)og;:
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Fioure 2 A companison of the pressor effects of renm angiotonin and pepst
tensin 1n a pithed cat The gradual development of refractoriness 15 evident

Certain chemieal properties differentiate pepsitensin from angio
tonm Plentl and Page (14) showed that remn and renal pepsmnase
are not homospeafic enzymes, 1t bemng therefore doubtful that the
end products of their action would be identical The rate of hydrolysts
by crystalline pepsm was distinctly different, angiotomn being n
activated much more rapidly than pepsitensin Further, with pepsi
tensin as a substrate, two hydrogen 10n optima were observed one at
pH 5.5 and the other below 35 while only one optimum could be
demonstrated for angiotomn They concluded that angiotonm and
pepsitensin are not 1dentical and differ probably in the number, rather
than m the nature of the amino acid residues of which they are
composed

Braun Menendez et al (39) showed a further chemical difference
1n that red blood cell angiotonase rapidly destroys angiotonn but not
pepsitensin There 15 also a difference 1n the substrates, since alcohol
precipitated remin substrate 1s not attached by remn but pepsin 1s
still able to liberate pepsitensin Further the molecular groupmg
causing the pressor action 1s probably 1dentical since treatment of the
substrate with renm causes 1t to lose its capacity to form pepsitensin
when mcubated with pepsin

Certain physiological properties of angiotonin T have so often pre
sented the physiological properties of angiotonmm both before audi
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ences and 1 prnt X am sure you will be telieved that T shall not
trouble you with them agam The table on the next page gnes the
sunllanties between the action of anglolonn and the hemodynamie
changes m patsents with essential hypertension While there 13 near
\dentity in most of the compansons his could well be forturtous Until
the quantutation of angletonm tn the blood 15 accomph<hed this sort
of tetmony will carry no conviction Hence my view that the next
umportant step will come from punstaking chermical studies on the
nature of anglotona

There 18 howeter anather aspect of the action of remn and angio
totn that has an element of novelty——an aspect I should like briefly
to diseuss Jt concerns the responsiveness of the Mlood vessels to these
sub tances The shility of the vasculature to respond 1s gwte asm
portant as the stmulating sgent!

Furst, Jet us examne certam changes which resuit 1n an mcreased

P 1o renin and angiot 1 may say that the two usual
Iy but not always change simultaneously The destruction of the
nervous system by pithing or spinal cord seetion at Co very matenually
inereases the responsiveness to angiotomin as well as to many other
vasozctive agents Under other errcumstances section of the bramn at
safions levels may reduce the responsiveness to remn as yon Euler
’i‘fz' Spostrand (40) convimemgly showed Te have found this also

Total fumbodorsal sympathectomy produces almost the same
crease as pihing A 1 blockade with tetraethyl
2mmomum chloride also 15 ghly effective The removal of the
tlbll‘frv action of the sympathetic nervous system thus seems to

e:lg;h ten the response to the pressor action of angiotomn and rensn
a e rexz:mxl of both kxd:x;ys followed by a penod of a dav or two

e T iy to ren
angiotomn This has heen dented by some mves‘tlgnla:s bt:t vl:: 2:\3
certan from a large number of expenments that 1t 15 true Indeed

¢ heighy, 53 sol 0
eaed responsiveness 1s
me cases almost lin! enin
the b t lirited to ren

Anmal preparations can be made m which nephrectomy cord de

Struction o v
K sCho hzmd a‘sm;iﬂ amount of TEAC have imereased the responsive
85 by trom © 1o 10 um ntation w;

oo il es An example of augmentation with angio

en 1 Pigure 3
Charges m the ant :

The simplest and qu

mal which reduce the responsiveness are seseral
2mmal under curar

ichest 1s the breathing of 30 per cent CO by the
e YWathin 2 few mmutes the angiotonin response



Taste 1 A Companson belwten Certam Features of Fxpenmental
Human Essential H; and Hyp P et lb‘;““ Hypertension

Hy

}sxpenmeuul llumsn Essental Ang:omnm Tnduced
y

Heart
gyperlmphy Left ventncular  Left ventricular
o Py 3 T 1
“()lk it I d 1 d I 4
Qutput Normal or Normal or Normal or reduced
reduced seduced
Coronary sclerosis Not found Common Not known
Rate Normal Normal Normal or slawed
Tulmonary artenal Increased 1o acute
‘pressure Normal Normal expenments
Vepous pressure Normal Normal Often elevated 1
Kidneys scute expenments
Thnckenmg of the
ariene: Common Common Nat known
Early momhologxc::l
changes None None Not known
Maumal ability 1o
comcnmte Reduced early Reduced early Not known
lar flltration d M: d A d
Blood flow Normal or “ormal or Reduted 10 acute
reduced reduced expenments
Filtration fraction Elevated Flesated Tlevated
Diodrast Tm Slowly reduced Slowlv reduced Shghtly reduced

Unilatera) renal dieense  Somehimes cured  Sometimes eured
by nephrectomy by sephrectomy

Salt metabolism Possibly retained  Retained Tnereased excretion
aver
Alpha, globuly pro
duction Shghtly mereaced  Shightly mcreased Mot known
Eveprounda
Arteriolar constnetion  Present Present Present
Artenolar sclerosts Present Present ot known
Hemorhages evvdates Present Present Not known
Papilledems Present Tresent ot hnown
Tetinal detachment  Present Present Not known
Central \ersous System No evident ‘lany somatic ex  None
change pregsions of by
peracuvity m
some patients
Need be none
Svmpathectomy o change 1n Slay reduce blood Increases pressor
blood pressure pressure response
Adrenalectomy Reduces artenal  Ieduces pressure  Reduces respounse

pressure only termupally

Reduces artenal  Possibly reduces  No marked redue

Hypophysectom
pohy Y ton In respansiies

pressure pressure

moderately ness
Pancreatectomy No effect on ot known o effect on 7

pressure spansiventss
Gonadectomy No eflect on o effect No effect on re-

pressure sponsivenass
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hat might
ave 5 m the tenal hyps state

disappears and returns on discontinuance of the CO But 1t the lumbo
dorsal autonomic gangha have been removed before CO  treatment,
the response 15 not Jost The stimulation of the gangha by the CO
thus m some fashion induces refractonness of the blood vessels to
anglotomn and to a vanety of other pressor-depressor agents as well

The remoyval of the hiver 1s a second way to reduce or abolish the
response to angiotonm (41) Within an hour after the operation the
response may begin to decrease and after several hours may disappear
altogether Tt may be gone before the blood pressure has begun its

termunal descent but its disappearance almost always heralds exitus
The remm after h

y disappear well before those to
angolontn

As Braun VMenendez has so well shown removing the hidneys be
fore removing the Iner prevents the ammal from bang flooded with
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endogrenous remn resulting from the operative procedures The dog
becomes tachy phylactic to its own remn Thus part of the mitial re
fractonness of hepatectomized ammals 15 due to endogenoudly pro
duced remin tachyphylanis But this 1s probably not the most 1m
partant cause of the refractormmess Even sf the hidneys have been
removed and only angiotonin has been used as a test drug so as not
to produce tachyphylaxis, still refractormess occurs There can be
little doubt that the loss of the liver xemoves the source of something
necessary for the responsiveness of the blood vessels, quite aside from
remn substrate, or causes the faillure of the removal of something
from the blood which blochs vascular reactivity to pressor depressor
substances

A thid way to reduce responsnveness 1s to throw the ammal mio
shoch no matter bv what method This 15 2 very rehable way ind
Mlustrates our belief that a loss of responsiveness 1s one of the mm
portant preludes to vascular collapse 2 view not shared, I mas <ay,
by some phyvsiologists (43) The correction of the blood volume and
the restoration of the cardine output and normnl venous pressure do
not necessanly lead to recovery in exther animals or men who have
been 1n shoeh If at the same time vascular responsiveness returns,
the chances of recovery are vastly enhanced I am convinced that it
35 not a1 matter of sccondary importance whether the blood vessels
and the heart respond normally to humoral agents

There are other wavs of reducing vascular reactivity such as the
admumstration of toxicating doses of a mixture of BAL and Bena
dry] but for the most part these are  scientific tour de force and are
used to demonstrate that refractoriness mas precede by some time
the fall 1n the artenni pressure and the final farlure of the circulation

These examples will I hope suffice to show that the responsive-
ness of the cardiovascular substrate on which humoral agents must
act may determine the degree of hypertension quite as much as the
amount of the agents producing the stimulation This 15 = problem
which 1s just begmuing to recerve attention m hypertensne patents
and ammals and will, T think yield vital information on the nature
of these diseases

A Concept of the Mechamsm of Renal Hypertension and of
Renal Adrenal Relationships n the Rat
At some time during the myestigations of complex phenomena it is
useful to formulate unifymg concepts to provide v more orderhy pat
tern for future expenimental work NMasson Corcoran and I are now
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ly 1 the barest outline
ng such & pattern which I can grve on

i:mt;t:t gmtmg the not inconsiderable supporting evidence galhs;;tl
1m many cases by the inveshigators assembled at this sympos]\]u:;
charts which follow show the propostd sequence of events which may
oceur

Change 1n Pulsatile Flow m Kidneys
Remn + Sobstrale ——> Angatomt
Sodwm Loss Sodmm Retention

[y P of Zona G !

Nephrosclerosis and Hypertension

The concept begins with the recogmbion of the stmulanty between
the vascular lesions n Tenal and sn desoxs corticosterone hypertension
(46 47) Next 1t was noted by Deane and Masson that expenmental
tenal hypertension as well as the mjection of renin results 1 hyper
trophy of the adrensl zona glomerujosa This zone 15 the presumed
source of desovycorbicowds In rats 1t 1s relatively wresponsive to

d rophn but ds especially to changes m the Na/h
tato of the body fimds (Laramore and Grollman 48)

As Dr Pichenng and hus group have clearly shown (40} renmn and
angiolomn cause & sodum loss while desoxycorbicosterone and pre
sumably the glomerulosal desoxyeorticonds canse sodium retention
But both renin and desoxycorticosterone rase the blood pressure
The glomerulosal hypertraphy caused by remin and renal hyperten
ston 1s then possibly a response to the loss of sodmm The resulting
werease m the glomendlosal desorycorticnds would mcrease renm
secretian and arterial pressure as a result of the vascular lessoms
which are known to result at least under ertain circumstances, from
desovveorticosterone acetate Thus a vicwus arce could become

establched The sodum loss becomes badanced by the sodwum teten
tion due to an d

of the gl \! de:
cords E0Xy cartt
Perhaps the greatest uselulness of this rather fane
ut k
15 that 1t d ds the d of the hyp ypothesis

etion of desovy
corticonds from the zonz glomerulosa As xou hnow many mvestigators
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da not beheve that desoxyeorticoids exist m any but the smatlest
amounts 1 the adrenal cortex Much of present day theory depends
on this demonstration

While I have discussed at some length the remn angotonin system
X should not Like 1t thought that we beheve this mechanism \vholtw'
responsible for even some types of hypertension As some of you hnow,
we (Page and Corcoran, 41) fhave proposed what 1s cailed the "mosmc’
theory of hypertension” (¥ig 4) Tlis theory attempts to fit mnto the

Nervous
Vasoconstrictars
Adrenal
l Noradrenatine
Renal Cardiovascular
Remin angotonin Intrmsic muscle tone
Sustamned pressor Increascd forre of ¢
prnciple heart beat
Hepatic
Souree of rentnt
substrate
Increased vascufar
reactivity
Endocrine
Vasculsr damage
D C hormones

Salt metabohsm
Figure ¢ The mosme theory of hypertension

protesn chimeal pieture of hypertension the many hnown mechanisms
which elevate the blood pressure These mechamsms are divided into
(1) the nervous, (2) the endocnne, (5) the cardtovascular, and (4)
the humoral (renal) panels, all of which contnbute more or less, and in
constantly changing mterplay, to the mamtenance of hypertension
Thus we come full circle around to our starting point where 1t was
subnutted thet the analysis of the problem of ehmical and expen
mental hy pertension would ultimately depend on the ability to meas
nre the amount and kind of paricipation of each of the organs which
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contnbute to the composite state called hypertension Whether this
theory proves ulimately the true one 1s not at the moment of 1m
portance It 15 important however, that it 12 one which can be sub-
jected to direct and immediate expenmentation There 1 nothing
ephemeral ebout 1t and T thimk even its severest entics would grant
that barnug ome entiely unf discl 1t
what seems for some time to be the hnowable

1t must be evident that as I close I have not mentioned many of
the mmportant aspects of the renin angiotonin pressor system This has
been po recital of all that has been published but rather a bnef dis
closure of some aspeets which at the moment yaterest me most For
this T have no apology for 1s 1t not the purpose of this sort of gather
g rather to talk among friends than lecture as to 1gnoramuses? You
are all aware that since the discovery of angiotomn a host of other
substances more or less well defined have appeared as contenders
far the dulious honor of causing hypertension—the sustained pressor
prnciple of Helmer and hohlstaedt the ph of Schroeder the
VD[ and VEM of Shorr and Zweifach an t like sub

gated by Gollan Richardson and Goldblatt and so on It s

good that people s minds are so actively engaged in this vital prob-
tem 1t 15 also most welcome for 20 years ago the i estigators of the
humoral wmechansms m hypertension m this country numbered one
oratmost two Only the most pessunistic would beliese that tume and
the imereased number of 1y estigators will not 1n the foreseeable future

bring about an understanding of at least <ome of these humoral sy$
tems svstems that may be at the bottom of the problem of arterial
bypertension

P




Questions and Discussion

DR MAURICE B VvIsscrEr I understand that Dr Leland Clark wishes
to present several shdes bearing on the remn angiotomn pressor sys
tem and chemical studies which ke Dr Trank Gollan, and Catherme
Winkler are busy with at The Tels Research Institute at Antioch
College Yellow Springs, Ohio

DR LELAND ¢ CLARK In order to save time, 1l turn ms attention
direetly 1o the matenal on the shides

The fact that remin has the charactenstics of a proteoly ic enzyme
and that the renm substrate, hypertensinogen 13 an alpha globulin
has led to the belief that hypertensin must be a polypeptide And
deed, crude or punfied hypertensin preparations have many chemical
properties common to polvpeptides, among others that they are
dialyzable and can be mactivated by proteols tic enzymes Even the
purest preparation obtuned so far* vielded 11 ammno actds on hy
droly sis

In prepanng hvpertensin by the usual methods we have confirmed
Dexter s observation that dialyzed preparations are much purer than
those obtmned by heat coagulation or alcohol precipitationt These
facts indicated that heat coagulation at an acid pH or precipitation
of protems bv organic solvents tends to split off small molecular mitrog
enous products which are then carned osver mta the hypertensin
preparation We reasoned, therefore, that if we were rapidly to dilyze
renm and plasma untl the dialvsite were free of detectable total
nitrogen and free alpha ammo nitrogen then meubate for one day at
8° C ~~a temperature which only slows down the actisity of remni
but mactivates hypertensmose§-—and then ultrafilter the micture

*“P Fdman Arch f hemi Mmerolop 0 Geoly 22 150 1945

fL Dester ¥ W Faynes and W C Bndges J Chn Investigation %8 62-63
1645
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Questions and Discussion co

e should ebtmn a product that would contain only the ultrafiltrable
alpha smimo mirogen from the nesly formed hvpertensin

"The non protem mtrogen content and the ninhydrin positive alpha
amino nitrogen of the ultrafiltrates of dialyzed renn, dials zed plasma,
and the resulting hypertensmn were equatly low n all three samples
but the expected increase of mtrogen 1n the hypertensin preparation
&d not materialize These findings however could conecersably be
attributed to possible volume changes dunng the process of ultra
fitration by pressure 1 a special ultrafilter devised 1n this Iaboratory
The ding one & 1 paper ¢k (85 per cent
phenol)® of the ultrafltrates of dinlyzed remn dulyzed plasma and
therr yield of hypertensin (003 mg N per 30 mm Hg nse m blood
pressure in & chloralosed cat) firmed the pr 3 observation
since 1o new mshydnn spots appeared on the stop on which huper
tensin was partitioned (see Figure 1) Thus all the mnhydnn positive
substances of the hypertensin p could be d for 1n
quality and quantite as ultrafiltrabl g mpunties d
1 the remn and plasma At this pomt the following interpretations
seem justified enther that (1) hypertensin 1s not a polypeptide or
(2) hypertensin 3s a mnhydrm negahive polypeptide or (8) the nm
hydnin reaction 15 not sensitive enough for the demonstration of any
enisting free sipha amine groups 1m an amount of hypertensm which
gives an appreciable nse o the blood pressure

Upon hydrolysis of these ultrafiltrates of dialyzed remn dalyzed
plasina and hypertenstn further wsight wto the ongm of nnhsdnn
Dositrve sphit products of hypertensin was guned The ultrafiltered
hypertensiy was splt by hydrolysist and repartitioncd to give 10
well separated spots (ser Figure 1) wstead of the previous 4 whick
were denticaf 1 size and rate of migration with those obtained from
the hydrolyzed renm uitrafilirate The hydrolyzed plasma wiraBltrate
contnbuted only & muhydrin positive compounds to this hypertensin
preparation A+ vk -
an witrafilter
amount of a w ms o wilalptrate of 1
In otber words we are foreed to conclude that Jtasll T;:‘;e;;:b:‘ci‘g: e:n
this hypertensin preparation were cg red along duning the purifica

tion procedure as impurtties and that amna g A e v
w hb oo

aut w4V M Haplist J
R Consden & H Gordon sad & 1B \arr: ghem e T 0 i

ochem J 41 390 194~
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PAPER CHROMATOGRAMS
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Diolyzed Diclyzed Hypertensin] Diclyzed Diatyzed Hypertensin
Remn  Plasmo  Actwily Renin Plasma
Figure 1

preparation may contun Jess than the 5 microgram amount necessarv
to obtam a clearly positive mnhydnn test Sular results upon paper
chromatographing were obtamed for solutions which were found to
have no yasoconstrictor activity due to mactivation of remn by pro
longed dialvsis *

Because of the considerable varation m the sensitity of the nin
hydrin reaction to varous ammno acids on paper, together with the
fact that the spot tests on paper are at best only semiguantitative T
the expcniments were extended to include starch chromatographvi
with spectrophotometric pnalysis of the eluted fractrons § On a stand
ardized starch column, using 15 per cent water n butanol as a develop
ng consecutne 5 co effluent samples, we tound
d to appear 1s leucme begiming an the 24th
was confined to the first
trogen detectable by

mg solvent and collects
that the first amimo aci
fraction Al of the pressor activity howesver,
10 samples which contamed no alpha amino nif
the spectrophotometnic minhydrin reaction (see Tigure 2)

Another series of experyments was concerned with the distribution
betw een immuscible solvents It was found that the partibon of hyper-

«Y 3 Katz end H Goldblatt J Exper Med 78 £7-74 1943
13 3 Pratt and 3 L Auclax Saience 108 213-214 1948

+W 71 Stem and § Moore J Biol Chem 176 387-865 1048
§5 Moore and W H Sten 5 Dol Chem 178 8367-388 1948
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preparation may contun less than the 5 microgram amount necewsary
to obtan a clearly positive mnhydrin test Symilar results upon paper
chromatographing were obtamed for solutians which were found to
have no vacoconstnetor netraity due to mactivation of renm by pro
longed dialysis *

B of the derable varation mn the sensttivity of the mmnt
hydnn reaction to varous amino acids on paper, together with the
fact that the spot tests on paper are at best only semuguantitative,f
the expenments were extended to include starch chromatography i
with spectrophotometric analysis of the eluted fractions § On a stand
ardized starch column using 15 per cent water in butanol as & develop
1ng solvent and collecting consecutive 5 cc efffuent samples, we found
that the first ammo acid to appear is leucine beginning m the 24th
fraction All of the pressor activity however was confined to the first
1@ samples which contained no alpha nmine mitrogen detectsble by
the spectrophotometric nnhydrin reaction (see Figure 2)

Another seres of experiments was concerned with the distribution
betw een immiscible solvents It was found that the partition of hyper-

*Y J Ratz and H Goldblatt J Exper Med 78 67-74 1043
43 J Pratt and J L Auclar Science 108 213-214 1948

+W H Stew and § Moore J Biol Chem 176 387365 1948
§S Moore and W H Sten § Biol Chem 175 367-3s3 1948
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p rrERATM SHoRR ‘These mteresiing expenments of Dr Pichenng
raise a question which he may perhaps be able to answer He has shown
that the contypuons yntravenous administration of remn to the rabhit
Jeads to 2 prompt and sustained dlex ation n the blood pressure How
ever 1n the dog rendered hypertensine by the Goldblatt clamp there
maybea delay varying from a few days to a week or more before amy
appreciable mse 10 the blood pressure occurs This 35 undoubtediy
due m pat to the degree to which the renal artenies are coustneted
by the settmg of the clamp but there 15 good reason to believe that
this 1s not the whole story Let us take for example the case of the
dog which does not develop any sigmficant nse 1n the blood pressure
for a weel. after renal artery constnetion Despite the absence of 1m
mediate hypertension after clamping 1t would appear from the work
of the South Amenican school and of Dr Goldblatt that the renal
vemn blood of such an anmal contains excessive amounts of remm al
oy from the moment of damping

Why should such an ammal then exhibit a delayed response to
the hypertensive effects of remn® Is 1t possible that compensatory
penpheral vascular adjustments of the orgamsm fo the release of
renn are able temporanly to overcome 1ts pressor effect and that
ouly when these compensatory mechamsms fal does hvpertension
develop?

These questions have a bearing on the participation 1 hyperten
stan of other vasotropic humoral factors such as VEVL and \D\{
whose effect on the blood pressure would be exerted m = chronic
tather than an acute fashion

I evaluatmg the role of humoral agents in Iy pertension 1t will be
Wite to guard aganst the oversimphfication of what must be a com
plex and subile homesstatie system

iR prerbrane  Answenng Dr Shorrs question I have expenenced
sather the opposite from senal artery constriction 1f Iou cut ont one
kidney and constrict the renal artery of the other the hypertens)
begins certainly within a few hours of the operation befare that 1mn
the amimal 15 mperfectly recovered from the anesthesra and i’ h’mc
not taken records of pressure Tt1s true that the onset of b e‘:te ave
may be delayed Tor many davs when one renal artery 3 fg ension
but here you get atrophy of one Ldney and hypertrophy of ’;:!nctcd
and 1t 15 difficult to know exantly what 300 are df;x ¥ of the other
dlewn expenment With renn 10fusions i the doses us:§ ::‘ els rx:nt 4;

a
Pressure began to nise Within a fes minutes of the entry of renmen:?o
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tensin between n butanol and saturated sodium chlonde solution was
directly dependent upon the pH When the aqueous Iayer was alka
Imne, no hy pertensin was found n the butanol layer, but as the acidity
mereased, mereasing amounts of hy pertensin passed into the butanol
(see Figure 8) At pH 1, hypertensin was quantitatively extracted
from a salt saturated erude aqueous solution Such butanal solutions
were adjusted to 15 per cent water and used directls for stirch
chromatography This simple step results mn 2 sigmficant punficatron
and meidentally excludes the possibility of hypertensin’s being a basic
amme It scems to us that such an extraction procedure lends wtself
deally to the detection of small amounts of hyvpertensin m Jarge
volumes of plasma Indeed, 1t was possible to recover quantitatrsely
2 known amount of hvpertensin from 300 cc of beef plasma The
method has proved to be a defintte improvement over 1 prevoush re
ported, relatively crude one* in the demounstration of hypertensin m
the systemie blood of dogs with experimental renal hypertension

C lermg the plete d tion of yasoconstrictor actnaty
and alpha amme mitrogen as tested by such sensitrve methods as the
mnhy drin renction m paper partition and starch chromatography, and
considering the known labihtv of by pertensmn to dilute alhal and oxy
gen and 1ts unusual stability 1n acid we beheve that the accepted view
of the poly peptide natute of hypertensin becomes nearly untenable

DR OSCAR M RELMER {INDIANAPOLIS) As mentioned in Dr Pages
discussion, I have recently rcported on the punfication of angiotomn
by means of paper chromatography + I found that angiotomn solu
tions contarmng 10 to 20 units per cc did not give a nmhydrm re
action Secretin a polypeptide has been shown by £ Hammarsten
not to give a mhvdon reaction On this basis the failure to gnve 2
muhydrn retction does not necessanily indicate that angiotonm Js
not 1 polypeptide

pr crams It 1s very gratifying to know that you have also found
puriied angiotomn to be mnhydnn negrtive Dr Helmer have vou
hydrolyzed your preparation?

on mriater No, I have not hydrolyzed the angiotonn separated
by chromatography yet because I wanted first to be sure of 1ts punthy
and 1t was assumed that we should find amino acids Everyone seems
to have tlus prejudice As soon as more purified matenal 1s on hand
1t wil be hyvdrolyzed

*F Gollan E Richardson and H Goldblatt J Exper Med 88 359400 1948
10 M Helmer Proc Soc Evper Biol & Med 73 632 1950
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due alone to an increased stimulation but possbly to an increased
tmulation plus & change 1n the response to the vessels on which the
stimuh are acting It 1s this problem which we are trying to clanfy

A second problem which has always mterested us sn this connection
15 the mechamsms that control remmn secretion The obivious reason
there has been no defimtive advance 1n the knowledge of the subject
3s that satisfving methods for the d 1on of remmn are not
avaable T think few of you will doubt that remin must be fed mto
the arculation 1 an orderly fachion not in the disorderls quanta of
the mvestigator The amount fed i must bear some relation to other
events in the body In short conditions of equilibrium must exist and
most of the companents of the eqmbibnum system are either unknown
fo us or not considered m our thinking Tntil they ave I fear our
chaotie thinkng, will continue 1ts gas and festive cousse
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the veiun and reached its peah for that dose from a half to one hour
after the starting of the wmfuston

There are two mimor pownts I might add concernng the nfustons
I told vou that at first we failed, that our ammals became sich and
died We eventually found by analvsis that something was gong on
i the burette and produeing a product which hilled the ammals The
product was bactena, chiefly cohform bacilli, and after we had m
troduced strict aseptic methods with bacterological control for ste
nlty, we had no further trouble Secondlv, about dosage e found
that the dose of remn producing hypertension of the same order as
that i rabbats with hypertension of the same duration from renal
artery consiniction was ¢ umts per hour We had previously found
that the avernge renm content of the kudnev of ammals with Gold
blatt hypertension 1 the first week was 82 umts If this hypertension
18 solely due to the release of remmn the whole amount 1n the hidney
would need to be discharged about once every 8 hours, & not un
reasonable suggestion

pr PaGE Dr Visscher, I have the greatest faith m my ability to
complicate the matter further During my speech I behaved as though
the blood vessels on which the renin and angiotorun acted were con
stant m thewr response Of course they are not, though we hate to
admit it In pharmacological testing oue 1s forced to male the assump
tion of probable constancy and attempt to rule out any changes n
the responsiveness by large numbers of tests

For the past 10 vears we have been busy with the problem of what
factors control vascular responsiveness I need not remind you experts
that these changes m reactivity may be very great, even converting
depres<or to pressor responses and vice versa For mstance, hepatec
tomy causes after a few hours the response to both pressor and de
pressor drugs with the notable exception of TEAC, practically to
disappear Onb the other hand, nephrectomy heightens the responsive
ness especially to angiotonin Denervation or the adnnnistration of
TLAC may elicit exqusite supersensitinity

1f all these forces responsible for vascular reactivity remumined con
stant 1t would simphfy things But they change and tn no obvious
pattern No wonder the determmation of standard responses under
ifferent experimental conditions 15 difficult and requires large num
bers of experiments to yield significant results But it seems to me
quite as important to understand the components which make up the
total responce of the blood vessels as 1t 1s to understand the com-
ponent shimuh which cause the response Artertal hy pertension 15 not
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due alone to an inereased stiprulation but possibly to an increased
stimulation plus & change 1n the response to the vessels on which the
stimuh are acting Tt 15 this problem which we are trying to clanfy

A econd problem which has always interested us in this connection
15 the mechamsms that control remin secretion The obwious reason
there has been no defimtive advance mn the knowledge of the subject
15 that satisfving methods for the determination of remmn are not
available T think few of you will doubt that remin must be fed into
the arculation 1n an orderly fashion not m the disorderls quanta of
the mvestigator The amount fed 1 must bear some relation to other
events 1n the body In short conditions of equilibrium must exist and
most of the components of the equbbnum system are erther unknown
1o us or not considered m our thinking Until they are I fear our
chaotie thinking will continue 1ts gav and festive course
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by EPHRAIM SHORR

The Paticipation of Hepatorenal Factors n
Expernimental Renal Hypertension

T snovwp Iike to preface my discussion with a brief statement of the
major premise upon which our approach to the study of hypertension
has been predicated This 15 as follows to the extent to which sny
concept of hypertension fals to provide for the participation of the
termmal vaseular bed to that estent will 1t prove madequate as an
explanation of the genesss and evolution of the hypertensive syndrome

The exclusion of the capillary bed from consideration n the dv
namics of hypertension was justifiable only as long as the bed was
thought to be composed of nert endothehial vessels which served
merely for the passive transfer of blood from artery to vemn without
taking an active part 1n this process Since the fundamental contribu
ton of Zwefach and Chambers (1) to the and behavior of
the capillary bed this latter concept has become uptemable These
muestigators have clearly shown that the capillary bed 1 tissues such
a5 mesentery skin and muscle consmists of a number of distinet strue
tural elements Certam of these have contractile properties and other
functional charactenstics by virtue of which they exert a profound
and direct influence on the exchange of flnd between the blood and the
extravascular spaces There 1s furthermore a high degree of mtegra
bon between the actinty of the capilary bed and that of the terminal
trtetioles more directly and acutely concerned with the regulation ot
the blood pressure Thus changes within the capillary bed proper are
eccompaned by readjustments in the srtencles proxmmal to 1t con
versely constriction and dilatation of the termunal arterioles ehieit
spproprate responses 1n the capillary bed distal fo them Such an
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:‘ecapxl(ot‘y
aph incten

Fiourel A d 16 rep of the arct ure of the capillary
bed (Rep d from B W Zweifach Transactions of the Third Confer
ence on Factors Regulating Blood Pressute Josiah Maev Jr
Foundation New York 1949 )

HMuscular
Vvenule

mtegration 1s obviously essential to achieve the homeostatic goal for
which the airculation 1s fundamentaily designed, namely, the mainte
nance of the constancy of the cellular environment Indeed 1 this
broader sense, the r der of the Iatory system may be re
garded as subservient to the capilary bed, since only in the latter »
there any communication between the blood and extracellular fimds
Fagure 1 presents in diagrammatic form the architecture of the capil
Tarv bed as revealed by the studies of Zweifach and Chambers With
munor modifications the essential elements of this structure have been
recognized 1n all the major tissues of the body The terminal artenole
gines nse to a central preferenbial or thoroughfare channel the
metarteriole This vessel 15 surrounded by smooth musele cells for a
considerable portion of its length, and represents the most direct
route from the artenal to the venous circulation It gives off numerous
muscular offshoots the precapulary sphincters, which because of their
strategmie location directly control the flow of blood entering the so
called true capillanes The atter nnse from the precamllary sphine
ters and are non contractifc endothelal vessels which jomn with one
another to form collecting yenules into which the muscular preferen
tial channels, the metarterioles also empty their blood
A prominent feature of the muscular umts of the capiiary bed 5
the periodic activity termed sasomotion ' mamifested by alternating
pcnods of constnclwn and dilatation of the metartenoles and pre-
it phinct: These lar units also exibit vanations m
reacnvn} which are recogmizable experimentally by alterations i the
sensitivaty of their constrctor response to the local application of
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Fiores 2 A dugrammate representation of the eapllary bed i different

states of actnity (K d, by pe of the copynght owper from
Shorr B W Zwefach R. F Furchgott and § Baez Tr A Am

Phyncians 60 28~51 1947)

epinephaine or norepimephnine Apother feature which distinguishes
this portion of the vascular tree {rom the larger blood vessels 18 its
extreme sensitivity to blood borne factors Indeed the actinty of the
apdlary bed appears to be exclusively reguiated by humoral prn
ciples of local or systemic ongin without the direct participation of
the sympathetic nervous system which controls the larger bloed ves
sels The terminal artenoles which lie between the larger blood vessels
aad the capitfary bed, ate physiologically mtermediate in that they
respond bath to blood bome agents and to systemic influences via the
sympathetic pervous system (2)

In Figure 2 the phases of vasomotion are Wlustrated as seen 1n the
m senteric capillary bed In the normal resting state there 1s an mter
mittent opening and closing of the precapiliary sphuncters blood flow
g now through one ow through another endothelial capillary The
central figure depiets & Slustion which results from the predominance

of the constrictor phase of vasomotion As 2 result of generalized e
capilary phmeter-ee~ 1t LT O TR T B T |
flow beiny ¢ d (AT R A T LA [
prevalzs ¢y M Ve

S L e of expenmental shock
there 15 a predomunance 1 the blood stream of the ook when

Tem
VEM (3) The thud Sgure m the dagram 15 dlug tm‘fv:t‘:;zﬂhcnor
emic capllary bed which results from the suppression of +ag mﬁ)ﬂ
and the accentuation of the dilator phase g the precapita h" 10n
This cireumstance 13 charactenzed by an over af b ood Ygos‘s tll::::;;
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the entire capillary bed and 1s observed 1n the mesentere vessels dur
mg the hyporeactive phase of expermmental shoch when the hepatic
vasodepressor, VDM, predommates m the blood stream (8)

The consequences of each of these situations for fmd exchange be-
tween the capilfaries and the tissue spaces are Mlustrated i Figure 8
The vertical vessels i the diagram represent the muscular metarterole
which mives nse to a precapilary offshoot the precapillary sphinct
the extension of which 1s the true endothehal capillary The stippled

NORMAL, HYPER-REACTIVE HYPO-REACTIVE
(vem} {vom)
ARTERIOLE PREC
o) mmuarlo o}
2
(%
0, [s]
0
0 %)
0!
B o
[v]
CAPILLARY TLOW CAPILLARY FLOW CAPILLARY FLOW
INTERMITTENT 1SCHEMIC OVERALL

Fioune § A dugram of the fnd exchange between the blood and
the tissues The number of stippled cells in the side branch wdi
cates the number of open capllary channels The arrows ndicate
the preponderance of the flud movement the length of the arrow
gving an approumation of the magmtude of the fimd mosement
m companson to that of the other capillary vessels (Repunted
from B W Zwerfach Transactions of the Third Conference on
Fanctors Regulating Blood Pressure Josab Macy Jr Foundation
New York 1949)

cells within these vessels are meant to represent the number of open
capillarses through which blood 1s flowing at any one time The arrons
are mdicative of the direction and estent of flurd exchange bebween
the blood and the extracelfular spaces The normal pattern 1s repre
sentative of the state of fnd equbbrum m a resting tissue Dunng
the hvperreactine state when the constrictor phase predominates m
the precapillary sphincters the number of capillanes through which
blood 15 actively flowing 1s reduced, the hy drostatic pressure within the
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capiflanies 13 diminished relative to the osmotic pressure because of
the resistance imposed by the d sph s The pred
of osmotic forces favors mward filtration hemoddution and tissue
dehydration The reverse situation 13 seen dunng the hyporeactine
phase associated with VDI predommance dunng which there 13 an
oter all capillary flow because of hized sph 1e dilat
Hydrostatic pressure can now exert its predominance over osmotic
pressure 1n z larger atea of the capillary bed outward filtration hemo
concentration and edema formation are favored by this situation

It 13 evident that whenever either capillaty :schemia or hyperemia
are brought about by Jocal or systemic humoral factors & breakdown
of homeostasis will oceur unless appropriate compensatory readjust
ments take place 1n the artericles proximal to the capillary bed I have
already referred to the expenmental demonstration
satory wterreactions between capillaries and artenoles 1t 15 otr present
hypothesss that any sustained changes of a chrome nature 1nduced
1a the capllary bed by humoral factors such as those with which our
studies have been concerned should through the integrative action
of arteroles and capillaries lead to chronic changes 1n the systemie
blood pressure These considerations which I appreciate have been
dealt with all too briefly have set the direction

of such compen

suggest that they constitute one of the homeastatic systems |
regulation of the peripheral arcalation These y o e
mental renal and essential hypertens
The vasoactive principles were detected b;
¥ & bio-agsa;
developed by Zwerfach and Chambers based on Tmicroseo; ls; Rﬂhﬁd
tions of the exterionized rmes, y sirva
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activity 1s recogmized from the depression mn epmephnne Teactiayy
following antravenous admimstrabion

These oppositely acting factors were found to onginate m spectfie
organs under specific mettbohe conditions Thus the hepatic vaso
depressor, which we have termed VDM and have smce identified as
ferntin (5), was found to omgmate cluefly i the hver and to anse
pormally only under anacrobic conditions, to judge from m witro
studies (8) Under acrobic conditions none appeared, and indeed the
expostre of VDM to normal hver shees under these conditions ren
dered 1t physiologically mert The hidney proved to be the sole source
of VEM, and the same pattern of annercbie formation and aerobic
mactivation held for this renal vasoexcitor principle (See Table 1)

Tante 1 The Formation and Inachvahion of VEM apd VDM
(Ferntin) by the Normai Liver and Kidney

In Osygen Ta Nitrogea

Hepatic vasodepressor—
VDM (ferntm)

VDM formation

VDM mactination
Renal vasoexcitor—VEM

VEM formation

VEM mactivation

o4

+e +o

o+
¢

We are actively engaged in the sclation and puridication of these
vasoactive prinetples and of the svstems which regulate thewr metabo
hsm VDM has been identified as the ron contamng protem ferntm,
which 1n crystallime form gives a positive vasodepressor effect with as
tittle as 6 6005 micrograms wjected into a 125 gram rat The vascular
activty of ferntin has been found to be related to the state of ats thiol
groups Agents that combne with or oxidwze sts sulfhydryl groups to
the disulfide form abohsh the vasoactinty of ferntm (6) Activity can
be restored by chermcal agents that reduce the disulfide to the sulfhy-
dryl form This reduction can be accomplished by naturally occurning
substances such as glutathione, cysteine, and ascorbic acd This find
mg gans additional sigmficance from our observation that the normat
liver eell accomplishes the activation and mactivation of fermtm by
affecting the same groups 1n the <ame manner In the normal aerobic
liver, fermitin 1s present almost entirely n the disulfide or mactrve
torm When the hiver 1s exposed to apaerobe conditions, there 15 2
progeessive reduction to the suifbydryl form, with a corresponding
merease m vasoactivity The mactivation of reduced SH fernun by
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aeroiie incubstion with normal h:h er i‘t:lsﬁ 1; associated with the oxid1
e sulfhydryl groups to the dis e
m"x\'\?: Zrh\ stal\xzzh?n ogir?em\m made 1t possible to develop anhisera to
tetritms of vasious species by the imjection of heterologous ferntin 1nto
rabbits The combined use of anhferntn sera and the rat test per
mited us to establish by a specific ymmunochemical procedure, the
1dentity of the vasodepressor 1n hyperfensine bloods as ferntin These
sotfersthin sera enabled us to fractionate bloods and other biological
fuds 10 which the actimity of ferntim as measured by the vat lest
might be mashed by the simultaneous presence of the oppositely sl
g VEM Indeed the devclopment of these procedures has proved of
great value and actually essential for the elnadation of the tole of
these factors n the hypertensine syndrome
1o view of its mp s § procedure Wil be bref
Iy desenbed $hhen fernum and VEM exsst together the yesponse of
he test 1at s a yeoultant of the relative concentrations of each factor
Thus a neutral reaction can be obtamed 1 the rat test when both
{actors are sbsent or when both factars are present 10 titers which are
muutuslls antsgomstic When such & muxture 1 ncubated with antt
erum to fermtin all ferntin vasoactnvity 15 abolished and any VEM
activity can exert s effect m the test rat Conversely any VEM
present cau be mactivated by the meubation at 87.5° C with normal

hidney shces under aerobie conditions any ferntin present being there
by unmashed (<er Figure 4)

Ve are not yet m a poson to prowde much specific mformation
sbout the chemical charactenistics and properties of VEN Our efforts
at punification of this factor are still in an early stage 1t would appear
;l:hzr to I:E of & protein nature or ta have a protemn prosthetic group
P studies are cor d complete but the ey
dence to date would tend Yo differentate 1t from the yenin hypertensin
system on the basis of the absente of the musculotropic properties
charactenstie of the latter svstem (G

Tith this background we ave s » Position 16 turd fo the studies
which have disclosed specific and ch d m the
VEM VDM mechanisms duning the gerests and evolubon of the syn
drome of expenimental renal hypertrnsian Tn Figure 5 which 1s based
on studies of the bleod and trssues 1o expenmental rensl bypertensy
m the dog as induced by the application of Goldblatt clamps th .
changes are represented i semdiagrammatie form The uppef tﬂe
of this figure demets the changes m the blood pressure dun‘:xm ::“
vanous stages of the svndrome the more abrupt nise durmg the ic\nz
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onie hypertensive phase and the
stage U levelung o du;m‘g :l;e :h\;lt mn\?’;mnt stage of the disease
grequ 1t tepminal exacerbations v the Blood amd
The dagrams below present the parallel changes in the
tssues as they rdlate 1o VEN and VDM
The appheation of ibe Goldblatt damp with o ronsinehion of the
renal axtery sufficent to produce hypertension sesills on & prompl
derangement of the renal VEM metabolam 25 & yesult of which the
{ d to b now tskes
appearance of VEAL,
Pt wndes aerdbie condsbians as well Once this disturbance has set
1 it persists throughout the course of the hypertensine syndrome
The wgmticance of this defect stems from the fact that the kidnes
presumably bas fost ats traceliular homeostatic capavty to adjust
VI production wn accord with local needs ind 1w stress suustions
it e persphierat arenlatory needs of the vrgamsim s a whole VEM
production 15 continuous and unrestramed
These changes are reflected wn the o-assavs of unfractionated blood
camples VEAL normally undetectable in the blood promptly appears
after the applhieation of the clamp and persists m conwderable con
centrations dunng the acule stage of hypertension At abopt the tune
that the Hopd pressare zttams the chrome hypertensuie Jevel the
VEM activity wanes and eventually disappears 1o the unfractionated
Hlood Thns phenomenon seemed at first glance analogous to the ap~
peatance of reni 1n the blood duting the acute phase and its disnp
pearahce durng the chronic stage of hypertension However as1s wds
cated al tbe hottom of Figure 5 the actual situation 15 mose complex
When blood samples were fracuionated fo  VEM and ¥ DM activity
by the methads just deseribed 3t became evident that the neatral re
action of the test 1at 10 the unfractionated blood 1 the ehrome stage
was the resultant of the presence of both VPM and VDM It was then

Sound that shortly efér the appearance of VEN
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stage the levelmg off dunng the chrome hypertensie phase, and the
frequent termnal exacerbations 1n the malignant stage of the disease
The diagrams below present the parallel changes in the blood and
trssues as they relate to VEM and VDM

The application of the Goldblatt clamp with a coustriction of the
renal artery sufficient to produce hypertension results in a prompt
derangement of the renal VEM metabohsm as a result of which the
appearance of VFM normally restnicted to anaerobiosis now takes
place under aerobic conditions as well Once this disturbance has sot
m 1t persists throughout the course of the hypertensive svndrome
The sigmficance of this defect stems from the fact that the ludney
P bly has lost its mtraceliular b capacty to adjnst
VEM production 1n accord with local needs and 1n stress stuations
with the penpheral cireulatory needs of the organism as a whole VENM
production 1s continuous and unrestrained

These changes are reflected 1n the bio assayvs of unfractionated blood
samples VEM normally undetectable m the blood promptly appears
after the application of the cdlamp and persists i considerable con
centrations during the acate stage of hypertension At about the time
that the blood pressure attains the chronie hypertensie level the
VEM activity wanes apd eventually disappears m the unlractionated
blood This phenomenon seemed at first glance analogous to the ap

the actual situation 3¢ more complex
When blood samples were fractionated for VEM and VDM activity,
by the methods yust desenbed 1t became evident that the
action of the test rat 1o the unk;

ractionated blood i th,
was the resultant of the presence

v mg uuhl with the trang
tion to the chrome stage the VEM ang VDI 4,
i oy g e Sae YU titers reached a rayo

d by the rat

that exhibuted by

as does the normal Liver only

forming Vg
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under anaerobic conditions, the hypertensie Inver produces this vasa
depressor principle under both anaerobic and aerobic conditions It
was also found that in contrast to the normal hiver, m which ferritin
15 present almost entirely m the mactive disulfide form 1n the aerobic
hypertensive hiver about 15 to 25 per cent of ferntin 1s present in the
active sulfhydryl form (8)

Hence we can conclude that the hypertensive hidney unde rgoes a
charactenstic alteration 1n the VEM metabolism as a result of which
VEM formation occurs n oxygen as well as i nitrogen, hence con
tinuously, and that this renal defect persists throughout the hyper
tensive syndrome We can further conclude that the liver, m a man
ner that is still obscure responds to this abnormal concentration of
humoral VEM by an analogous shift 1n the VDM metabolism, which
results in the appearance of VDM i oxygen as well as mtrogen It 15
this shuft 1n the VDM metabolism that feads to the appearance of
mereasing concentrations of humoral VDM until at the chrome hyper
tensive stage, an equhbrium 1s reached with approximately equal
titers of both VEM and VDM Therenfter, and throughout the whole
course of the syndrome, mmor fluctuations in this equilibrium oceur

The fact that the presence of VLM 1n the blood i the hypertensie
syndrome evohes the production of VDM by the Iner would seem to
add support to our concept that these vasoactive principles may con
shitute a homeostatic system for peripheral eirculatory regulation

As o the actus) mechamsms mmvolved 1n the produchon of these
metabolic renal and liver derangements 1t 15 perhaps relevant that a
typical hypertensnve pattern as regards beth VEM and VDM pro
duction can be regularly produced tn witro When a normal hidney
which forms VEM only i nitrogen, 1s exposed to mtrogen for a period
of one hour and then restored to aerobic conditions 1t acquires the
typical hepertensive pattern formmg VEM equally well under both
aerobic and annerobic conditions (Table 2) The same procedure
leads to a conversion of the normil hepatic VDM metabolism to the
typieal hypertensive type (Table 3) Hvpoia which imtially follows
the constriction of the hidnev by the Goldblatt clamp could there
fore t for the develop t of the defect mn the repal VIM
metabolism, but not for its persistence once the renal blood flow 13
restored with the development of hypertension The persistence of
this defect, therefore, has no present explanation The sequence of the
events which lead to the development of the hypertenstve VDM pat
tern sn the liver i vivo after the clamping of the hidney 1s also obscure

Tn addition to the metabolic changes mvolving the VLM VDM
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mechamsms 1 expenmental renal hypertenst
have been noted 1m the behavior of tl;? pe:\pheﬁl g:::ﬁle:r a‘:;n;l;ﬂn;
15 under the control of these humoral factors During the acut e
of tenal hypertension 1n the rat the mesentene capitlary b fl“bE —
morte reactive both to topieal phrine and to (her3 t . Ef‘omes
::,\S\o‘n o; VEM (9) 'The mesentenc capiiary bed of the repal b; v
ten Oxmgc 5:: ;soi;l:: hvperreactive ta topieal epuephrine duxmg p:l:e
hmerphmgb‘ ! ypertension Of particylar interest 1s the etyikn,
hrperglasa ol ¢ e capillary bed of the mesentery m the renal b :
15 hyperplasia which appears to myolve \arge\: p:l:e




90 A Symposium on Hypertension

true capillanes, has been noted as eardy as from 10 to 14 days after the
wrapping of the hidneys and becomes progressivelv more marked with
the progression of the syndrome (8) It 1s ot himated to the rat but
ls0 occurs in the renal hypertensive dog Of particular significance was
the appearance of the same tvpe of hy perplisia 1n the mesentery of &
spontaneously hypertensive dog m our colony which eshibited as
well all of the humoral VEM-\ DM derangements and vaseular hy per
reactivity charactemstic of the expenmental renal hypertensive dog
It 15 unknown whether this capillary hvperplasia occurs i tissues
other than the mesentery

We are melined to regard this capiliary heperplasia as of particular
sigmficance on several scores In the first place, 1t 15 & structural and
functional change n the speeific components of the vascular tree upon
which VEM and VDI exert ther effects In the second place 1t
represents an alteration of such a nature and magmtude as to affect
the hemodynanue pattern th hs pertenston

Let us, however for the t der these h i and vas
cular events in expenimental renal hepertension on a purely descrsp
tive level Whatever therr ultimate relation to the hypertensnie sn
drame they provide a sertes of critersa for the evaluation of the
variety of hvpertensive states which ean be produced espermmental
I They should thercfore permit the assessment of the relationship
of anv hvpertensive state to the svndrome of expernimental renal hy per
tension 1 ammals and s we shall see 1 mv other paper to escential
hypertension 1 mn

T have wssembled 1n Table 4 these entera s they apply to the renal
hypertensive rat and dog I have mcluded al<o one new criterion the
tetrzolum pattern of the renal tubule, which I shall discuss m detail

m my second paper
These critertz will serve as a basis for an assessment of the rela

Taste t Cntena for Evaluating the Hypertensive Syndrome

Rat Dog
(Permeph ) (R A Clmp)

- YT L tha b dnev i t100 +

m vifro + +

+ +

hrome stage + +

Vascular hyperreactivity to epinephnne 4 -+
Vaseplar hyperreactivity to VEM 4+

Hyperplasa of the capillary bed o+ 4+

Renal histochemmstry (tatrazohum pattern) + Ea
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tion of the adrenzl cortex Yo hyperienstan 88 1t affects the YERL YD
anechatusms angd the eapllary bed with shich these systems are con
cerned

From studies on adrenalectomized Its dog und rabbits 1t has
become endent that an wporlant yelationshup exists between the
adrenat vortex and the petal VI mechamsms In the abeence of the
advensl o tex the Jndney loses complelely s vapac ty to form VEM
T funttion 18 wawtpmed by DCA or adrenal cortiea) extrac but
ot by salt

Tt then beeate of tmtesest to see to what extent the VEN mecha
nystas and penpheral vasculas reactmty might be impaed 1 the sa¥

taned adrenal 4 7at subyected ta the p phne wrip-
g which wmdures hypestension in the rt with myact adtensts The
findigs are given m Table 5 1k s apparent that, together with the
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Dism and of the vascular funchiona and structurgd changes which a
compauy pernephine hypertension 1o the wmtact antmal (10} ¢
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truc capillaries, has been noted as early as from 10 to 14 davs after the
wrapping of the hidneys and becomes progressnvely more marked with
the progression of the syndrome (9) It 15 not hmited to the rat but
also occurs n the renal hypertensive dog Of particular ssgmficance was
the appearince of the same tvpe of hyperplasia in the mesentery of a
spontaneously hypertensive dog m our colony which extubited, as
well, all of the humoral VEM VDM derangements and vascular hy per
reactivity charactenshe of the expenmental renal hypertensive dog
It 35 unhnown whether this capillare hyperplasia oceurs m tissues
other than the mesentery

We are mclimed to regard this capillary hy perplasia as of particular
sigmificince on several scores In the first place, it 13 a structural and
functional change 1n the speaific components of the vascular tree upon
winch VEM and VDM exert ther effects In the second plice 1t
represents an alteration of such a nature and magnitude as to aflect
the hemodynamic pattern mn hypertension

Tet us however, for the moment connider these humoral and vas
cular events i expenimental renal hypertension on a purdy desesip
tive level Whatever their ultimate relation to the hypertensiie sin
drome, they provide a2 senes of cnitena for the evaluation of the
variety of hvpertenave states which can be produced expenmental
Iy They should therefore permit the assessment of the relationship
of any hypertensise state to the sy ndrome of expertmental renal hy per
tension m ammals and as we shall see 1 my other paper to essentind
hyvpertension mn man

T have assembled 1n Table 4 these criterin as they apply to the renal
livpertensive rat and dog I have meluded also one new entenion the
tetrazohum pattern of the renal tubule, which I shall discuss in detas)

m my second paper
These enterrn will serve as 1 basis for an assessment of the rela

TAmE ¢ (ntena for Evaluating the Hyp Synd:

Nat Dog
(Permeph ) (R. A Clhmp)

AL L 1 Aea a4

Vascular hyperreactivity to epmephrne
Vascular byperreactivity to VEM
Hyperplasia of the capillary bed

TRenal hstochemistry (tetrazohum pattern)

b b
A
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Kas been shown 1o anse from metabohie derangements m the renal
and fiepatic mechanms which regulate the metabohiem of these fae
tors Simtlar detangements can be produced i iro by 2 bref et
posizee of these tissues to hypoxia These changes i the VEM and
(2% bofism are paraffeled by alierations mn the termnal vaseu
far bed with whose regulation these prnesples are concerned The
cnanges are both structusal and functional There 15 pronounced byper

plasia of the capilary bed and an enhanced reactisity The functional
and stroctural chiractenstics af the termnal vascular bed have heey
dwcussed and thewr nmportante pomted out for cireufatory homeo

stasis The high degree of intepration between the activity of the
fermmal sascylar bed and the central blood tessels more directly
responsitide for the regul.t o7 of the blood pressure suggests that the
aMered conthibon of the eapillary bed observed 1 expenimental and
tenal by pertension and presumably dependent wpon the altered VEN

VINE titers i the blood stream mag he o contnbuting factor 1a the
genens gud e of expenimental renal by
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cortex shouid be considered merely an essential hnk 1n & cham of
events mitinted elsewhere and presumably mn the kadney DCA hy per
tension was mduced m a serses of rats according to the method of
Selye The findings with respect to the development of hypertension
per se were confirmatory of Selye s observations, except for the lower
maidence (20 to 25 per cent) of penartertis nodosa w our straw of
rats However the over ali pattern in DCA hypertension was 1n stk
g contrast to that seen i expenimental renaf hvpertension The dif
ferences are summanized in Table 6 Apart from the hypertension per
se and the eardine hypertrophy, none of the VEM dwisturbances or
vascular changes charactenistic of expermental renal hypertension
were encountered except mn the =mall percentage of ammnls with
extensive vascular damage including pennrtentis nodosa The photo-
micrograph (Digure 6) of the mesentenes of two rats one with DCA

Taste 6 A Compa of DCA Hyp with E 1 Renal and
Essentinl Hypertension

Rat Human Rat
(Perineph ) {Essential) (DCAY*

Aerobic formation of Y ER{ by the Aidney

n titrg + t
Y FM 1n the blood dunng the acute stage + + 0
VFM and VDM m the blood durmng the

chrome stage + + L]
Vascular byperreactinity to epmephnne + + 0
Hvperplasa of the capillary bed + 4 [}
Renal histochemstry {tetrazohum pattemn) 4 + v

* From 15 to 20 per cent of DCA rats mith severe hypertension show typicsl hvper
tenste metabole les ons This group 1> charactenzed by extensne vascular damage

hypertension and one with permephne hypertension llustrates the
absence of the type of mesenterie hyperplasia which regularly occurs
with renal hypertension, the vascular pattern of the DCA rat 1s en
tsirely normal The absence of these humoral and ‘ascular changes
uncomplicated DCA hvpertension 1s strong evidence agamst the
fundamental stmilanty of the DCA hypertension per se to expen
mental renal hypertension, and as will be pomted out in my other
paper to human essential hypertension (11)

I have presented this afternoon the esvidence for the participition
of the vasotropc factors VEM and VDM 1 experimental renal by per
tension These factors appear m regular sequence 1n the blood of dogs
and rats made hypertensie either by permnephric wrapping or renal
artery eonstniction The appearance of VEM and V! DM an the blood
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mercly as a useful method of assayng VENM and VDM It should not
De taken to mean that the action of these prnciples when they oceur
i the circulation 1 shock or hypertension 13 dependent on arculat
ing epuephnne Tndeed thete are good reasons for feehing that this
4 not the case Tt 18 much more bikely that the effects of VFM and
VDV on capillary vasomotion and reactiuty are related to a focally
produced sympathomimetic prinesple such a8 sympathun 1f this dis
tinction between topical and circwlating epimephnne 18 hept m mind
we should be able to avoid some of the confusion that has ansen m
the evaluation of otir observations on the relation of VEM and YDV
to the function of the peripheral vascular bed

With respect to the dib blockade of h

7 action to
which Dr Nickersonis Tbelieve refernng and ats §aure 1o loner the
bloed pressute Iy 1 both exp 1 renal and human

essential hypertension the implications of this phenomenon for the
action of VL have yet to be established OQur own prel ry ob-
servations show that 1t 18 pos sble to induce dibenamine blochade with
epinephnne Teversal without altenng the reacinaty of the capillary
vessels ta topncal epmephnine Should this observation hold up n
experiments now 1n progress then it 15 evident that the dibenamine
blachade of epinephrine cannot help us to assess the relation of VEM
10 by pertension
R MAURICES VisserRERr 1 should ke Vo raise a question Dr Shorr

T take it from your presentation that sour evidence indicates that
alter a period of some weeks the VEM and VDM actistses reach ap

proumate equality Nevertheless the blood pressure elevation remams
There 13 a fan) mems 3 <%

Pro
oby

b thnged 1
€5 tuudl hypertension i man tnd 1n expenimental renal hy pertension

 ammals Are we ot paying too much attention to the effects of
constnicter agents on the penpheral blood vessels and neglecting the
ac\]m;s on the central homeostatic mechamsm?
should like to have you comment first if
sou will on the quest,
({f \}\\e sigmficance of your obscrved equalization of the VEM‘};nd ;’;:
"D over a period of tme with maintenance of the elevated bood
pressure Perhaps you would also care to comment on the more ge
ernl physiological question of how hypertension can geeur lhg ¢
aclive barostat unless tts set g3 changed e
or soore T wash 1 had the mlormation whi
1ch would per
answer your question which comes elose to the core of ];;cm ;:’;o’:lzerl:
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DR MARK NICKERSON The \asotropic substances which Dr Shorr
and s co workers have demonstrated provide us with an excelfent
new parameter in the study of hy pertension Thev are particularly 1m
portant 1n studies such as the ones he has presented demonstrating the
lach of stmilanty between the hypertension produced by DCA and
human essential or renal hypertension

However one basic question comes to mind upen winch I should
lihe to have Dr Shorrs opmion That 15, what 1s the role of these
agents 1n the actual mamntenance of the elevated blood pressure? As
far a5 ther studies go and we have prelumnary data of a similar
nature the primary activity of VEM appears to be mn potentiating
the response to epinephrine It does not appear to prevent the blochade
of resp to epmnephrine by phar logical agents Yet in both
ovperimental renal hypertension and human essental hypertension
agents which will completely block the effects of epinephrine and
sympathetic nerve activaty with or without VEM fail to reduce the
prescure consistently

o snorr Our studies have not as yet progressed to the stage of
providing the data which would enable us to answer Dr Nicher<ons
question about the exact role of VEM and VDM 1n the genesis wnd
muntenance of hypertension In my presentation I have brieflv set
forth the reasons for our \iew that amy chronic changes m eapillan
behavior due to the continuous presence of high concentritions of
these prnciples in the blood must mevitably lead to readjustments
n the arterioles proximal to the capillary bed and hence to changes
m the blood pressure Beyond that, we are not prepared to go 1t
present

However I should like to trke advantage of this opportunity to
clarify the relation of epinephnne to the action of VEM and VDV
Tn the first place, I want to emphasize the fact that the topical apph
cation of epmephrine to the rat mesoappendix should be regarded

94
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merely s o useful method of assaying VEM and VDM It should not
e tahen to mean that the action of these prmaiples when they occur
1n the circulation in shock or by pertension 1§ dependent on circulat
ing epwephnne Indeed there ate good reasons for feeling that this
1 not the case Tt 13 much more Iikely that the effects of VEM and
VDV on capillary vasomotion aud resctinity sre related to a locally
produced sympathormmetic principle such as sympathin 31 ths dis
tinction between topical and cweulating epmephnze 13 hept m mnd
e should be able to avord some of the confusion that has ansen m
the exaluation of our observations on the relation of VENM and YDM
to the function of the penphera) vascular bed

Vath respect to the dib Tlochade of epinept achion 1o
which Dr Nickhersonis I behieve refernng and its fafure to lower the
blood pressure 1y 1w both exp 1 renal and human
essential bvp the mpt of this pt for the
action of VEM have vet 1o be esteblished Our own prel y ob
servations show that 1t 15 possible to mduce dibenumine blackade with
<pinephrine reversal without altenng the resetnity of the capillary
vessels to topieal epinephmine Should this abservation hold up m
exgenments now \n progress then it 13 evident that the dibenamine

blockade of epinephnue cannot help uy to assess the relaton of VENL
to hypertension

OR MAURICER vIsSCHER I should hike to raice a question Dr Shorr
Ttake 1t from your presentation that vour evidence indicates that
after a penod of some weeks the VEM and VDM actisities reach ap
prouumate equality Nevertheless the biood pressure elevation remams
There 1> 3 fundamental physiological pomt i cornection with the
problem of hvpertension which we should bear in mind It seems quite
obijous that the barostat 1 the bedy has its setting, changed n
essential by pertension m man and m expermmental renal hypertension
wn ahumals Are we not paving too much attention to the effects of
constrictor agents on the peripheral blood vessels and neglecting the
actions on the central homeostabie mechanism? ¢
o(lt ;ilos\:ilxl“lf;ke to have vou comment first of you will on the question
e Q:Er cance of your abserved equabzation of the VENM and the
oo :ﬂﬂenod of tme with mawtenance of the devated Hood

ps you nould also care to comment on the more gen

eral physiological question of
of how hypertension can
sctive barostat unless ys se 1s changed oeeue it an
DR =
“weruo::r Ts1sh Thad the nformation which would permit me to
Your question which comes close to the core of the problem



96 A Symposium on Hy pertension

The sequence of events as far as the VEM VDM system 1s concerned
15 as follows During the acute stage of hypertension VEM predom
nates in the blood stream However, even 1 that stage VDM also
appears early and n progressively increasing concentrations When
the blood pressure 15 stabihzed at the chrome hypertensive levels,
both these factors are present 1 amounts which counteract each other
m the rat test so 1s to yreld a neutral reaction This new equiltbrium
at hagh concentrations of both VEM and VDM peraists throughout
the syndrome both 1n ammals and 1 human essential hypertension
Trom time to time there are shght temporary shifts 1n this equilibrium
VEM gaiming brief predomnance at one tume, VDM at another, as if
there were 1 dynamic relationship between these two factors

If we may regard these two principles as participants i the genesis
and perpetuation of hypertension why should not the blood pressure
return to normal when this new equilibrium 1s renched? With our
present hnowledge, 1t 15 possible only to speculate rather than to
provide answers

In the first place, 1t may be pomted out that when we talk about a
new equlibrium s being reached between VEM and VDM the basis
1s the neutral reaction of the hs pertensive blood injected mto a normo
tensive rat on which the test 1s earried out The blood may concersably
stll exert n preponderant VEM effect in the hy pertensive subject be
cruse of an increased yvascular sensitivity to VEM which mas hve
developed during the evolution of the svndrome We know that the
eapillary bed of the hypertensne rat does become more sensitive to
topical epmephrine and to VEM during the acute stage of hyperten
sion and that the capillary mesentenie vessels of the dog are hyper
reactive to topical epinephrne all throughout the hypertensive syn
drome Thus changes may oceur in the reactivity of the capillary bed
m hypertension which render 1t more susceptible to the effects of
VEM than 1n the normotensiie state so that what would be neatrabz
g concentrations of VEM and VDM for the normotensne would
stll represent VEM predommance for the hsvpertensive state This
possibiity could be explored by using hvpertensn e instead of normo
tensive rats for the mesoappendix assay

One mught also regard the VLM VDM equibnum during the
chronic stage of hypertenston s & dynamie one 1m which any fluctua
tions 1 the VENM-VDV ratio that would make for a higher or a
lower blood pressure would call forth a compensatory change 1n the
uter of the opposite factor with a restoration of the previous equs
Librm and blood pressure level Thus should a temporary predom:
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nanee of VDM occur suffictent to Jower the blood pressure the hadney
would respond with an increased production of VEM until the equ
Yibriam was restored How this might be brought about 1s still obscure
but 1 may possibly operate through a reduction m the renal blood
flow and oxygen tension which would be favorable te an mcreased
VEM formation We do know in the case of VDM thal the release of
YFM 1 expenmental renal hypertension does Jead 1o a re<ponse on
Ahe part of the hver which results m VDM formation and that the
concentrations of VDAL which are eventually attaned m the blood
stream are sufficient to set up the equilibrium between the two prin
eiples This 15 the hand of behavior which could be anticipated from a
homeostabie system
T am 1achued to Yook with favor on this concept of a dynamic eqm

hbrium as the mechamsm for maintaiming the hypertensive level when
Yboth prnerples have come to equiibnum When we cdamp the fadoey
and VEM 1s produced the higher the titers of VENY and the more
rapid the nse 1n blood pressure the more ramd 1 the production of
VDM by the Iver Howener i the present state of our knowledge we

<hould be gong further than the faets Jushiv of we were to offer this as
more than a worhmg hepothesis



by EDUARDO BRAUN-MENENDEZ

Blood Volume and Extracellula Fluid
Volume n Expermental Hypeitension

Tae waportance of the circulating blood volume and especialiy of
the extraccllular fluid volume as a possible factor m the causation of
hyvpertension has not recersed enough consideration We were led to
study this problem bv the results obtaned tn rats after bilateral
nephrectomy

Hypertension after Bilateral Nephrectomy

The effect of bilateral nephirectomy on the artenal pressure has been
the object of numerous mvestigations Some authors observed A nise
n the blood pressure as Mosler did (1912) m 11 of 13 rabbuts after
tota] nephrectomy, while most of the others hhe Bachman (1816},
Cash (1026), Hartwach (1930) Harnson et al  (1936), Goldblatt
(1937) Dacher (1987), Housstv and Taquint (1988) Vernev and
Vogt (1938), Blaloch and Levy (1937) Wintermitz et ol (1940)
could not confirm those results

Jeflers et al {1940) found that removal of three of the four hidneys
n 3 par of paribiotic rats resulted in hvpertension m the nephrecto
mired mimal Grollman and Rule (1943) found i 2 pairs of para
biotic rats that the remotal of the kidneyvs 1 onc amumal sufficed to
induce hypertension When these experiments were repeated Dy us
(von Tuler and Braun Menendez 1948) a defimte mve m the blood
pressure was found only m 5 out of 17 purs (Fig 1) Ve then modt
fied the procedure by jomung three rots i parabiosis onc bilateratts
nephrectomized between two normals In «ll 6 trios prepared definste
hypertension was observed n the nephrectomized ammal, occurring
2 itp 4 d1ys after the remora) of the hadneys (Tig 2)

These results led us to mveshigate more svstematiealls the blood
pressure of single rats after total nephrectomy (Braun Menendez and
von Buler, 1947) A total of 89 normal adult rats were nephrectomized
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100 A Symposium on Hy pertension

Taste 1 The Blood Pressure in Normal Rats (mm Hpg) 1-4 Days
after Total Nephrectomy
(Braun Menendez and von Euler 1947)

First Day Second Day Thuird Day Fourth Day
80 120 104
94 141 90
9 130
80 80 121
ns 80 108* 200
12 116 148
96 100 186
104128 116116 104 124
100-104 108 96*-125 108
96-100 12 148
92 80 140*-138
100-90 128
116 128
110 52 140

* Indicates peritoneal washing

and the blood pressure determined dasly until death occurred A defi
nite ise was obsersed in 13 rats (33 per cent) (Table 1) In all these
the blood urea was high In 14 animals a sofution of Ringer with @5
per cent gelatine was allowed to flow through the pertoneal cavity
atarateof I ml per minute during 1-8 hours the ammal berug anes
thetized with nembutai (30 mg/kg) or ether

From Table 1 1t 15 evadent that the nse m the blood pressure mostly
occurs dunng the sccond or third day after nephrectomy and also
that pentoneal dialvsis does not {ower the pressure but may tncrease
1t In some cases there were mdications of an mmprovement in the
general condition of the rat after washing though the biood urea
showed onlv a shght fall

To explamn these results 1t was tentatively assumed that the ab
sence of renal function determined the accumulation in the blood of
some hy pertensive substance of estrarenal ongm and that the hypo
thetic hypertensive substance did not always mantest 1ts action be
cause of the accumulation 1n the orgamsm of the nephrectomized rats
of other substances of antagomstic or toxic effects In favor of thi
explanation the following arguments could be adduced (1) Apparent
Iy pertoneal dialvsis had a beneficial action on the hvpertension of
totally nephrectomzed rats The dialysis probably acted by ehmunat
sng more rapidly urea and other substances of low molecular w eight
leaving 1 the orgamsm an excess of the assumed pressor principle
(2) In the case of parabiosis a sumar action could be mvolved
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d b
b the 1 1 the dept or foae su
:}t‘:‘::gs passerd mote easly than the pressor 5“"5““:*"5 &l“m t:e
nephrectomzed to the normal apmmal Thi, could explam sl “; 3
1n the parabiotic tnos where the commumeating surface 1§ eg(;m et
the hypertension was copstantly present i the nephrectomized rat

For cireumstantial reasons we did not pursue the mveshgation of
the hiypothetic pressor substance but we made determinations of the
urea 10 the blood 10 order to ser 1f some relation could be found be-
tween the conceniration of this substance and hypertension In 11
totally nephrectomuzed rats the blood urea concentration 48 hours
after nephrectomy averaged 247 mg per cent No sigmficant correla
tion could be found between the blood urea concentration and hyper
tension However hypertension was more often observed in rats with
relatsvely fow values of urea

Pentoneal dualysis during 60 minutes with Tyrode solution ded not
cause 3 sigmficant decrease m the blood urea but on the otber hand
the control anmals to which no pentopeal washing was given m
creased therr blood urea concentration sbout $0-50 mg per cent o
the same wterval The parabotic rats with hypertension had s defi
nitely lower blood urea concentration than the swngle totally nephrec
tomized rats (112-161 mg per cent S ta § days after nephrectomy)

Que attention was deawn ta the apparent relatan betwern s n
crease . weight and hyp After the exturp of both had
ueys our rats were left 1n the same cage 55 the controls spd had free
aceess to dewking water end food Not a sigle ease of hypertension
was found atnong those nephrectomized rats whose weipht merensed
tess than 1u gm 1n the first 46 bowrs On \be conbiaty hypertension

was frequent when the merease 18 werght exceeded 15 Brav:
n
Menendez and Covian 1948) g €

The sccurmufation of fnd wn the orgamivm could be veadily appre
ciated by swply maling an wenoen m the skin the subeutanequs
tissues were edematous and mgurpiated We thus decided to measire
the blood volume (Bvans blue) and the extraceliular fnd volume
(thuocyanate) 1 normal and totally nephrectomized rats and found
bo;h vaéues definutely increased w the latter (Table 2)

1 order 16 study the factors which caused the 1no
Tease im the extr;
cellulzr flud volume we armanged the followmg experment, Ai't:r
total nephrectomy the rats were separated inte 3 groups The rats of
ast t:;os» of Group ¢ were allowed to
Tece ved o food and those of
‘were gien dady by stomark tube a saline solubion amounlsGer::I!:al
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Tante 1 The Blood Pressure 1n Normal Rats (mm Hg) 1+4 Days
after Total Nephrectomy
(Braun ‘Menendez and von Euler 1947)

First Day Second Day Third Day Fourth Day
80 12¢ 10%
93 14 90
22 130
90 80 124
118 86 106* 200
ng ne s
96 100 136
104-128 u6-116 104 124
160-104 108 96°-126 108
96-100 11e 148
92 80 1404138
100-90 128
116 128
ne 82 140

* Indicates pentoneal washung

and the blood pressure determined daily until death occurred A defi
nite nise was observed 1n 13 rats (33 per cent) (Table 1) In all these
the blood urea was high In 14 anumals a solution of Ringer with 0.5
per cent gelatme was allowed to flow through the peritoneal cavits
at 4 rate of I ml per minute during 1-8 hours the ammal being anes
thetized with nembutal (30 mg/Lg) or ether

From Table 1 1t 1s evident that the nse in the blood pressure mostly
accurs during the sccond or third dav after nephrectoms and slso
that perstoneal dhalvsis does not lower the pressure but mas ncrense
1t In some cases there were mdications of an unprovement mn the
general condition of the rat after washing though the blood urea
showed onlv a slight fall

To explam these results it was tentatnely assumed that the ab
sence of renal function determined the accumulation m the blood of
some hypertensive substance of extrarenal ongin and that the hypo
thetic hy pertensive substance did not alwavs mamlest its action be
cause of the accumulation m the organism of the nephrectomized rats
of other substances of antagomstic or toxe effects In favor of this
explanation the following arguments cauld be adduced (1) Appnrent
Iy perttonea} dnlysis had a beneficsal action on the hypertension of
totally nephrectomzed rats The dialysis probably acted by éimnat
g more rapidly ures and other substances of low molecular werght
feaving m the organism an excess of the assumed pressor principle
(2) In the case of parabiosis a sumlar action could be myolved
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Tasix ¢ The Blood Volume and Extracellular Flnd Volume 1 Normal and Totalh
Nephrectomized Rats
{Braun Menendez and Covian 1838)

Weght Veight Estracellalar
Noof m  Hema  Blood Volume No of i Flud Volume
Rats Grams toent (mi/100cm?)  Rats  Grams  (ml/100 em )

Normal $2 45 44 443008 21 2438 1582039
Totally

nephrec

tomized 95 246 332 48 +011 21 239 21 =048

*Standard deviation of the mean = / Zdz
a(n~1)

lent to 015 gm of sodium chlomde per 100 gm of body weight and
were allowed to dunk water ad hbitum (Table 8)

Determination of the blood volume and the extracellular flud vel
ume made 48 hours nfter nephrectoms showed that the thiocyanate
space was ncreased m the 3 groups even m those which fasted or drank
water and 1n which either no mecrease or a decrease (6 per cent) m
weight occurred The incrense mn the estracellular flud volume in
Group 1 which recesved sodum chlonde and water, 15 easily ac
counted for the absorption of sodium chionde given by stomach tube
requires a proportional intake of water which 1s distributed m the
tissue spaces and m the blood An increase in weight, n the estry
cellular flid yolume and in the bloed yolume follows

In Group 2 which had free access to drmhing water the mcretsem
the extracellulr flid volume can also be expluned  «lectroltes
onimnated 1 the processes of endogenous metabolism accumulate
the orgamsm because of the absence of renal function The ammals
drank water (from 20 to 25 ml m 48 hours) which was distributed
in the intercellular spaces with a resulting snerease in the extraccllular
flmd volume The blood volume, however remamed within normal
lumits

On the other hand the increase m the thiocs anate space n those
rats which fasted and could dnnk no water and which lost approvt
mately 6 per cent of thesr weight can only be explained by assuming
(1) that the thiocyanate space docs not represent 1n these cases the
evtracellular find solume or (2) that the mncreise m cxtracellular
flurd 15 due to 2 passage of water from the wterior of the cells to the
ntercellular spaces

The first alternative was considered the more probable since 1t has
been pomted aut that m ceriun abnormal conditions the thiocyanale
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Tase 2 The Blood Volume and Extracellular Flud Volume 1 Normal and Totslly
Nephrectomized Rats
(Braun Menendez and Covian 1948)

Veght VWeight  Fuaracelolar
Noof m Hema Blood Volume No of i Flud Volume
Rats Grams toent (mi/160cm?)  Rats Grams (ml/100 em )

Normal R 215 44 443+ 008" 21 243 158%039
Totally

nephree

tomized 25 246 335 48 =011 21 239 21 X048

*Standard deviation of the menn = / zd?
n(n-~1)

lent to 015 gm of sodium chlonde per 100 gm of bodsy weight and
were allowed to drnk water ad hbitum (Table 8)

Determination of the blood volume 1nd the estricellular fluid vol
ume made 48 hours after nephrectomy <howed that the thocy1nate
space was increased in the 8 groups s en 1 those which fasted or drank
water and m which either no ncrease or a decrease (6 per cent)
weight occurred The incrense m the extracellular flmd volume in
Group 1 which recenved sodium chlonde and water 1s easds ac
counted for the absorption of sodium chloride given by stomach tube
requires & proportional wntake of water which 1s distnbuted 1n the
tissuie spaces and 1n the blood An mcresse m weight, in the estra
cellular fluid volume and 1n the blood volume follows

In Group 2, which had free access to drnnhing water the ierease m
the extracellular fluid volume can also be explamed electrolvies
oniginated m the processes of endogenous metabolism accumulate m
the orgamsm because of the absence of renal function The animals
drank water (from 20 to 25 ml m 48 hours) which was distributed
1m the interceliular spaces with a resulting inerease 1n the extraeellular
flnd volume The blood volume, however remamed within normal
lnmits

On the other hand the ncrease i the thiocyvanate space m those
rats which fasted and could drink no water and which lost approx1
mately 6 per cent of their weight can only be explamed by assuming
(1) that the thiecy wnate space does not represent these cases the
extrncelhar flind volume or (2) that the increase m extracellular
fiwd 1s due to a passage of water from the mtertor of the cells to the
tercellular spaces

The first alternative was considered the more probable smce it has
been pomted out that i certamn abnormal conditions the thiocyanate
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ay also throw light on the results obtained by other
w;l;t:: \rveli:]:a‘!: :ma;sd the coutse of the blood pressure after u:!hl
nephrectomy n swmals with espenmental hypertension Thus Og‘ :n
(1947 1o 7ats and Pichensg (1947) 1n rabbuts observed that after
bilateral nephrectomy the blood pressure fell more or less rapidlv n
ammals with short standmg renal exy tal hypent but m
ammals 10 wnch hypertension had been present for a relatnels long
peniod of time the blood pressure remaned high untl death super
vened In the pretation of these exp! one must ake mwio
account the possibility that m ammals with chrome hypertension
there has oceurred an 1ncrease 1 the Hlood volume and extraceliular
fund volume which pre ensts that determined by total nephrectomy
and favors the mamtenance of hypertension Moreover as Braun
\lenendez and Martinez (1949) have shown n rats with chromc by~
pert due to uml i h a fi
blood volume and the extracellular fimd evists

In the experiments of Oppenhexmer et al (1948), m which pen

toneal dialysis was wstituted in order to prolong the lfe of hyper
iensive dogs after total nephrectomy a lugh blood pressure was
mamtamed unti death ocemrred It must be borne m mind that a)
readv Bravn Menendez 2nd von Exler (1947) had pownted out that
penitoneal favage seemed to favor the appearance of hypertension
m totally nephrectopuzed rats and that Groliman 2 ol (1939) ob-
served an merease 10 the blood pressure 1n all therr totally nephrec
tomized dogs mamtained i e by meaus of pertoneal dialysis It 15

quite possible that this procedure canses an even greater mncrease m
1he extzacellular fiwd volume

t incresse 1 the

More recently Fredman and Fnedman (1949) and Hall and Hall

(1920) hate shown that the blood pressure of rats rendered hy per
tensine by with desoxy

acetate 1o
nse following total neph Inedentally they alsa confirmed
our results (Braun Menendez and von Euler 1947) by showing that
the blood pressure of the controls (totally nephrectomized rats recery
INg ho treatment) also mises after nephrectomy The fact that treat
sment with desoxy torticosterone causes z rise 1 the extracellular flud
tofume as will be shown later may explam the higher degree and
Ereater maidence of hypertensian 1 BCA treated animals

rhed Expenimental Renal Hypertension
¢ blood r.olume The blood volume of k
{tenmned by Freetnan and Page (1932) and igeéfasol:a‘rl:lg;\:\:sn::n
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space may increase While the manmitol space remamns unmodified
(Tharp 1948, Overman, 1946) To test this possibility, we deter
mined stmultancously the mulin sprce Inulin, as was shown by hru
hoffer (1946), 15 exclusively distributed n the extricellular space Its
volume of distnbution 15 smaller than that of sodum thiocyanate
because (1) 1t does not penetrate into the red blood cells and perhaps
mto other cells as does thiocynate and (2) 1t diffuses more slowly
than thioevanate mto poorly vasculanzed tissues, such as tendons

Determmations made n recently nephrectormzed control rats con
firmed Kruhoffer s results in rbbits the thiocyanate space equaled
383 per cent of the bodv weight while the mmulin space equaled 23 per
cent The equihibration time was less than 60 minutes n the rat and
did not vary significantiy after 4 hours In this control group of 10
recently nephrectomized rats the inulin space averaged 115 ml/100
cm? of body surface As can be seen mn Table 3 1n Group 1, which re
cened sodmm chlonde and water the mulm space was marhedly n
creased 1n the other 2 groups the inerease m the nulin space was
significint but less mnrked On the other hand, the thioeyanate
volume increased more or less 1n equal proportion 1 the $ groups
This means that the apparentls great increase in the extraceliulr
flmd volume as depreted by the thioes anate space m Groups £ and 3
1s due 1n part at least to the passage of thiocvanate through the cellu
lar membrane into the cells

These experiments show (1) that 48 hours after lnlateral nephrec
tomy there 1s 4 defimte increase mn the extracellular flud yvolume
(thiocvanate or mubn volume) (2) that a close correlation exsts
between the accumulation of water in the extracellular spaces and
hy pertension The water accumulation manifested atself by an nerease
in the body weight 1n the extracellular flud volume (thiocy anate and
mulin space) and n the blood tolume and by a decrease m the
hematoent value

The increase m the extracellular flmd volume and blood volume s
perhaps not 1 sufficient factor per se for the causation of hypertension,
since we hnow of man experimental and pathologic conditions in
which the blood and extracellular flud volumes are mereased with
out any definite change m the blood pressure But the results of these
experiments and the fact that water mtoxication mn normal rats
eaused Also transitory hypertension i 80 per cent of the cases (Braun

Menendez and Covian 1948) 1nd that the lation of water
m the org'\}‘ﬂsm 15 one of the factors capable of producing hy pertension

i the rat ,‘x\
, I
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with an abpormal distribution of dectrolytes She Qemonstrated an
inereased sobum ehlonde and a decrensed pottssium content 1t the
musdle of the hypertensive a8 compared to the normal anwmal Lara
more and Grollman (1050) confirmed these findmgs 10 the rat
The water and salt metabohsm 1 expenimental rengl hypertension
Chanutin and Ferrs (1932) observed polyuna with urnes of Yow
speafic gravity M herr tats made hvperiensive by @ reduction of the
renal tsue Oster and Martmez (1948) record an ncreased water
jptake and polyuria mn rats made hvpertensise by renal 1schemia or
cellophane The relation water mtahejunnary eserelion which was
95 m normal tats averaged 19 m hypertensive s and the unne
peafic graity was 1044 normal and 1027 m hypertensive rats
These authors also obsers ed the interesung fact that 1f dnalang water
1 replaced by an 0 8 per cent sodium chlonde solution m normal rats
the merease 1 the fluid mtake ayerages 55 per cent while hypertensive
rats double thewr fnd mtake and edema supervenes Abtams ef al
(1649 found that hvpertensne rats offered different <alt <olutions
take less sadium chloride and sodim bretrbonate than the normal
controls
e have made severs] studies of rats made hypertensive by weap
ping the Jeft kadney 1n a gauze soabed m collodion the right kidney
bemg left mtact (Table 5) We found first that the water miake m

Tastr 5 The Trtake anl Output of Water 1n 4 Group of Hals lunng 24 Houvts

No ot ‘::ﬁ:: m;\ \YRK pusd m;::\

Yot arby 2 ln)gm, Tater 10 {mj(l‘l olg)zml
Voo et © o e
“:;:3::1 ez 10 018 26 28 66
H:l;mh:?‘ et 12 19 653 m 837
bilnteral pers epbrts 2 198 ug 5 815

21 haurs Was greater wn hvpertensr

e rats with umlateral perine)

;&:\Vx\e \tn the n‘?rmhb\ensne contrals and even greater l: ratsp:’r:;gz

rtensive by bilateral perinephntis The Ia

tter had mal:

l:;::-lﬂe‘nsmn with esident signs of renal wsufficrency (deprces,xgo:aﬁ

3

ather hand th — o)y on the
Ofper b ﬁ‘e rits with unilateral pernephritis had no end’cnt

al msuffisency The greater waler mtake 15 accompanied 28“5

Y a
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(1938) using Lvans blue dye (T 1824) No sigmficant variations were
found The blood volume of rats made hy pertensne by subtotal neph
rectomy was studied by Bechwith and Chanutin (1941), who found
an mcrease m the plasma volume but no change m the total blood
volume, a result implying low hematoenit values On the other hand
Griffith and Ingle (1940) 1 7 out of 8 rats made hypertensine by the
same method found an increase in the blood volume In the absence
of the postersor lobe of the pitwitars onls 1 of 5 hypertensne rats
showed an ncreased blood volume The authors suggest that m the
presence of a marked continuous diuresis an increased blood volume 1
more difficult to maintain

We have not been able to find in the hiterature nv sy stematic studs
of the variations in the extracellular fand solume 1n experimental
hypertensien Having found - considerable ncrease n the blood
volume and extraccdlular fimid volume n hypertensive totalls neph
rectomized rats (Braun Menendez and Covian 1948) we studied
these volumes 1n our rats with chronie hy pertension due to umlateral
penmephnitis This procedure causes a rather moderate hypertension
without symptoms of renal msufficiency the renal clearance of mulin
and diodrast remains within normal limits, 1s does the blood urea con
centration (unpubhished results) In these chromcally hypertensne
rats defimite alterations 1 the water and «alt metabolism have been
deseribed (Braun Vlenendez 1950)

Taste 4 The Blood Volume and Extracellular Flmd Volume (Thiocyanate Space) of
Normotensive and Hypertensise Rats Both with Unilateral Permephnbis
‘ed o Standard Diet
(Braun Menendez and Martinez 1949)

- Extracellular
No of Blood Volume* No of Flud $olume
Rats (m1/100 cm ) Rate (ml/100 em?)
Iy pertensne 17 465+ 008t 13 1856 =04
Normotensive 14 420+ 011 11 1647 03>

*Body surface == 11 36 X body weight 066

babl f 1 PPN s
+Probable error of the mean = Wrveey

Our results (Tabie 4) show that i this tepe of espertmental renal
hipertencion there exists an crease 1t the blood volume and i the
estracellular flmd volume of about 7 and 125 per cent respectively,
the latter being statistically sigmificant Eichelberger (1948) hiad ob
3 rennl by nertensit e dogs an merease in the extracellular flmd
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by Rate duniag 24 Hours
\ohume of Urme aad of Chlonde Excreted by
Tuscz @ The dobme o O L omplete Pastng

Urne Chlonde
No of Unne Volyme
Tote  (mlougmfiiln  Fm GO0 mei b/l
3% 585
Hypeensne rats 6 187 n
Nermab to trols 3 [ 102 6

Nemdowels ¢ W R

rats retasm about 20 per cent This positrve sodwm balance has also
been demopstrated 1n normal men (Stewart and Rourke 1942}

Furthermore there are some ndicaions of intolerance ip greal
amounts of sodium chlonde m hyperepsive rats some of them were
10 bad condstion after the salt solutson was gwen and one died 1n 30
sioutes with symptoms of acute pulmonary edema It 1s worth re

b that the ad ton of desotycorticost: to hyper

tensrve dogs cawed pulmonary edema and death 1n 2 of § animals
(Rodbard and Freed 1042)

Hypestensive rats al ¢ are more hiable to dehvdration than normal
rats when deprived of dnnlung water {(Table 6) In total fast they
excrete 1 2% hours a unpe volume neasly $ Lmes as great as that of
narmal rats and ehminate a more or less equal amount of sodmm
chlonide at a lower concentration (Braun Vlenendez 1950)

The mechamsm of these afterations i the water and salt metabo-
bst 15 not yet understood Rece:

ntly Ellis and Groliman (1849 have
found an of the d ple mn the
unne of rats and dogs with experimental repal by pertension 3t the
d tenal of the d i

P really means an
wmereased production of the antidmrebe hormare by the postenor
pitutary 3t may be assumed that this mcreased production 15 a
compensatory Tesponse to some end or bolie al

8 response creating an increased water turnoser The experiments of
Skahen and Green (1948) are m favor of ths bypothests They found
that the uninary elmunation of the antidiretic pnnuple s proportionat
to the water turnover When the flnd mtake mereases fellowing the
ad of desoxy cort or the ton of water by
an 08 per cent sodium chlonde solution as a drnking flud the
ehimimation of the anhdmretic prmeiple also sncreases

Some Fzpernmental Conditions Causing an Incrense s the Blood
Volume and wm the Extracelluler Flusd 1 olume
Protem nick diets Many authors have stu
died the vanay
plisma protemns hemoglobin and bloed 1 alume pmduces ;?; 5[}’12 la:e
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greater dwresis the amount of water cimimated by other routes (the
Tungs, shin, digestive system) remaming constant In fact the amount
of water ingested that 1s not exercted by the hidneys 1s more or less
equal in the 4 groups wiule the percentage of water mgested that 1s
eliminated by the hidneys mncreases from 28 and 29 per cent m the
two control groups to 44 per cent n the hypertensrve rats with um
Iateral permephntis and 58 per cent 1 those with bilateral perine
phnbs

In another sertes of expenments we admimstered by stomach tube
an 0 8 per cent solution of sodum chlonde m amounts corresponding
to 5 per cent of the body weight The urine of 3 periods was collected
from 0 to 8 hours, from 3 to 9 and from 9 to 24 hours the ammals (4
rats for each group) having been deprived of food and water The
urmne volume and the amount of chlondes excreted were measured
each period and expressed as a percentage of the water and sodum
chlonde admunistered During the first 3 hours no sigmficant differ
ences could be detected but i the 2d and 3d persods 1t could be seen
that the hypertensive rats cluminated a greater percentage of water
and of sodium chlonde than the controls with the result that at the
end of 24 hours normal rats had excreted 55 and 61 per cent of the
ingested water and about 80 per cent of the sodium chloride while the
by pertensive rats excreted more than 70 per cent of the water and
about 100 per cent of the salt admimstered (Figs 3 and 1)

This phenomenon can be related to the asersion for sodium that
hypertensive rts show when exposed to different sait solutions
{Abrams et al  1949)

If considerable amounts of sodmm chloride are admimstered to
hvpertensive rats they ehmmate all of 1t i 24 hours while normal

o Nl
o Hype trw ¢

Water excretren

Fictrea 8 Axn 4 The etcretion of water and of <odwum chloride {expressed

as a percentage of the amount admunistered) m normal and hypertensive rats

during the 24 hours following the admimstration of an 08 per cent solution
of sodium chlonde by stomach tube
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ons 11 a small group of 4 normal rats fed the same diet dunng the
<ame mterval of time the average thiocy anate space was 197 m/100
e The addition of 4 per cent sodum chiomide to the diet has prob-
ably contnbuted to the mcrease 1n the blood volume and thiotyanate
space In pormal persons the admmstration of coniderable pmounts
of sodium chlonde—from 20 to 80 gm per das duning § days {Grant
and Reschsman 1046) or 40 gm 1a 48 hours (Lyons et a 1038)~
caused a great ncrease in the plasma volume and extracellular flwd
olume Stewast and Rourhe (1932) admmistered great amounts of
«alipe solution to normal persons and obtained an increase of 80 per
cent 1n the extracellular flmd

The ad: of des 4

acefote The ad

tom of desoxycorbicostesone 1s followed 1u nosmal percons by a ehight
nerease 1n the blood volume and extracellolar flmd (Perert ef af

1944 Perera and Blood 1947 Perera 1948) Its effect is much more
riatbed in Addison s disease Ve have myected normal rats fed &
standard diet and given water to drink with 2.5 mg per day of DCA
during 15 days At the end of this period we found in the treated an:

maks & defmte inerease 1 the blood volume {20 per cent) and 1n the
extracellalar flusd (13 per cent) when compared to the controls
{Table8) The admimistration of 1 mg per day of desoxyeorticosterone

Tastz 8 The Effect of Desoxycorbicosterone Acetate (25 me/day
Ter Rat dunng 15 Days) on the Bliod Valume end Estracellulsr
Flud Volue  (Thiocyanate Space)

Extraceflular

Ne of Blood Solume  Flud ¥ olume

“““““ Raty W et (miPoem )
DCA treated 8 468 184
Norma} controls 8 406 183

—————
during 2 or more months 1o rats fed a protem and salt rich diet
€aused an even greater merea ¢ 1n the volume of extracellul

{ Béaun Menendez and Martinez 1949) i fnd

audine and Levitt (1949) gave 80 mg of desox:
ycorticosterone
day to dogs dunng $ wecky They observed a marked and 1mmed::;
hise m the volume of extracelintar Simgd (ki <pace) with a redy
tor m the mtracelular fuid volume apd 5 slight inerease 1n the h’(%‘d
: :Iv:g\e S’;Mngle “1“1 (1941) had adso observed a moderate yerease
e plasma volume 1 ne
—— ormal dogs tnjected with desaxvepry

Diabetes Supderman and Doban (1941) observed m drabetic doga



1106 A Symposium on Hypertension

mmstration of protem poor diets The results obtamed are diverse
some authors have found an increase 1 the blood volume m mal
nourtshed rats (Chssolm, 1911), while others have found = decrease
(Boycott and Chisolm 1911) or no change (Scott and Barcroft
1924) Metcofl ef ol (1945) found 1n rats given 2 per cent casein m
the diet a sigmficant decrense 1n the cireulating plasma volume after
7 days On the other hand Lippmau (1848) 1 similar periods with a
et contmning 8 per cent protem did not find ¢ sigmficant decrease
n the plasma volume

The effect of protewn rich diets on the blood volume has scarcely
been studied The only reference we have found 15 the work of Lipp
man (1948), who gives a diet with 77 per cent proten dunng 7 days
to normnl rats and finds an ncrease of about 10 per cent n the blood
volume e have studied the effect of the admimstration during
several months of a diet contamng 40 per cent proten and 4 per cent
sodium chloride on the blood volume and extracellular flud volume
of rats 1n different expenimental conditions (Table 7) The differences

‘Taste " The Blood Volume and Extracellnlar Flud Volume (Thiocvanate Space)
of Rats Fed a Normal Diet and a Diet Containing 40 Per Cent Protein
and 4 Per Cent MaCl

Extracellular
Fxpenmental No of Blood ¥ olume Na of Flad Volume
Condition Rats {ml/100 em?) Rats {ml/100 em )
Standard diet
Normotensyve rats with
umlateral permephntis 1% 42 011* 43 164720385
Pancreatectormized nor
moglycemic rats 16 884015 19 1645092
Protein and salt neh diet
Normotensive rats with
unilatera} pennephntis 8 479013 9 1912034
Pancreatectomuzed nor
moglycemc Tats 8 46016 9 271058
* Probblc ervor of the mean 206735 | =4
\N G =1)

between means in the 2 groups 15 statistically significant the rats re
cenntng the protem and st rch diet showing on increase m the
Ylood volume and extracetiular flurd volume The thiocy antte space 15
very much increased in pancreatectomized ammals fed a protem rich
diet, but these male ammals were probably m a prediabetic stage
‘having been operated on about 1 month before the volume deternuna
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W £ Orsathde fid bekme

e 5 Changes w the extra g,
edllular fimd and blood volume ¢
1 tats with chropic bemght hyper *
tension m diabetic rats snd m k3
rals given desoxycorticosterone
acetate or a protem an #]
salt mch diet ]

trmand ot Pobetes
fpertense DCA protend

[ soane @4 ¢
[ trores ¢ 1 xbdne
R3]

Fieore 6 The meidence of byper
tengion 1 rats under different
expenmentsl conditrons
(Bee text )

The admimstration of a
protein and salt nch diet 1
creases the percentage of hy
pertension 1n rats with um
lateral pernephntis from 10
per eent (with the standard
dret) to 24 per cent (Fig ©)
The association of diabetes
(subtotal pancreatectomy) 1
Y Y creases the 1pedence to 41
perencarnits tmgfiy (4 dyy  per cent (Braun Menendez

and Martinez 1049)

These results acquire greater significance if we constder the fre
quency with which hypertension is observed iz human diabetes White
and Waskow (1948) observed hvpertension 1 05 per cent of therr
pattents who had been diabetic since chuldhood and for more than 20
vears and Millard and Roat (1918) we {rom 46 o V7 per cent of thexr
patepts Hypertension 1 diabelie patients 15 usually zccompamed
by renaf lesions and 1n many cases also by ocular lesions conshitutimg
the hammelstiel and Witson syndrome (1936)

n Woman dwabetes artertosclerotie lesions of varous grades are
found 1 the great majonity of patients In rats with chrome diabetes

oz
®

s e P A
3 X
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Tastz 9 The Blood Volume and Volume of Extracellular Flund 12 Normoglveemie
Rats and Rats Made Dubetic by Subtotal Pancreatectomy

Extracellolar
No of Blood Volume No of Flud Volure
Rats {m1/160 em ) Rats (mi/100 em?)
Pancreatectomized
nermoglycenuc rats 15 384n015" 19 1645x09
Tancreatectonuzed
diabetie mts 15 4722011 18 01 024

=4

*Probiable errot of the mean = 0 6745 \/w
nm—~1)

during hetosss an merease i the plasma volume (vital red) of about
30 per cent and m the volume of extracellular flnd (thocyanate
spce) of about 10 per cent Sunderman (1943} also found that the
dministration of glucose m disbetic patients 1s followed by an m
crease m the plasma water and that the adminstration of msulm pro-
duces a decrease 1n 1t

We studied (Broun Menendez and Martipez 1949) the blood
volume and the yvolume of extracellular flnd m rats made diabetic by
subtotal pancreatectomy (Foglia, 1944) With this method diabetes
appears n the rat after 4 latent peniod of 1-3 months duration and
follows a chrome course As controls we took pancrentectormzed rats
with normal blood sugar (Table 9) DMost of the dibette rits of
Table 9 had long standing diabetes (4-11 months) and sery hgh
blood sugar values (more than 300 mg per cent) But cven those in
which diabetes had appeared only recently (15-30 davs) had hugh
vajucs of blood volume and extracellulir Auid volume Compared to
the controls, the diabetic rats showed an mcrease o the extracellular
flmd and blood solume that 1s very marhed (23 and 22 per cent re
spectivelv) The diffcrence was so evident that when deternunations
were made we could predict the existence or not of diabetes by the
1alues obtamed (Fig 5)

Tzpenumental Conditions Wineh Modify the Incidence of
Renal Hypertension

I our laboratory we have adopted w5 a1 standard method of ob
tunmg hypertension mn rats the production of unilteral penmephnbs
the other hdney bemg left intact With this procedure we obtai
only a low percentage {about 10 per ecnt) of hypertensive wnumals
but on the other hand 1t wduces a chrome bemgn hy pertension with
out evident symptoms of renal msufficiency
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Furth 1t would be g to the stabibity of thes
normality 5 hypertensive and normotensive persons How does a
tolerance test mfusion of sodium chloride solutton or & diet nich 1
sodium chionde modify the blood pressure and the volume of extra
celtular flwd 1n normal and hypertensive patients?

Perera and hus sssociates have made interesting studies 1n this re
spect Tn o recent restew Perera {1950) states that m bis opsmion
there 15 comvinaing evidence that the disorder (hy pertensive vascular
disease] 1s associated with a disturbance of salt and water metabolism
His expenmments with the admmistration of sodium chlonde or desoxy
corticosterone show a defimite difference between the pressor response
of hyy and that of ve patients the former are
much more sensitive to the pressor action of DCA or NaCl He also
cbserved an inerease m the volume of extracellular find and the blood
olume following the of these sub: but he con
cludes that the prompt rise 1 blood pressure in those {patients] with
hypertension could not be aseribed to changes m salt and water re
tention afone as there were comparable transttory changes i the
mormatensive group Lo ths conclusion T respond (1) Perbaps 1t
& trye that changes 1n salt and water retention are not alone respon
stble for the merease 1 the blood pressure but this does not exclude
them as a causative factor (2) The lact that similar changes 1 the
normotensive group did not alter the blood pressure 15 not condumve
evidence The admmistration of 5 gm of sodwm chlonde per day ta
2 normal person does not cause any manfestation but the same dose
of solum chionde given to a pauient with compensated cardiac
failure may precpitate fadure with an merease 1o the venous pres
sure and body werght (Newman and Fishel 1950) P

There are n human pathology two other caseg tn which the volume

of extracellular fimd and the b
ey e 3 ¢ blood pressure are rather cln olv ~n

Forall t.
hypertensy o
= #puile ot view of thewr salt ang
xen:ltabnl&;sa‘n ax{;d ;heP va;nahons m the volume and mmposmontf“;;‘:l:
racellular flmd Perhaps these studies my
ght throw more )
the diffieult problem of the mechamsm of arterial hypeﬂmS\:yg:l o
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diffuse artenoselerotic lesions were not found, but m §8 per cent of
the cases hustologic lesions of the renal glomerulus (Foglin et ol
1948) and renal hvpertrophy (Fogha 1045) were observed This
renal lesion may be 2 factor n the mereased mcidence of hypertension
found mn our rits with unilateral perinephritis But 1t 18 probably not
the only factor The protem nich diet and the ditbetes both may
produce an increase in the mtensity of the protem metabolism a
factor which may play 2 role i hypertension But apart from ths we
have shown that both detcrmine an increase m the blood olume and
volume of extracellular flmd

Trom these expenments we can conclude that some factors which
are capable of mcrewsing the frequency of hvpertension ifter ym
lateral perimephrtis 1lso eause an increase m the blood volume and
extracellular flmg Is the Iatter 2 cansal factor mn artenal hyperten
sion? I do not believe 1t can be per se, for 1f st 1s true that m hyper
tenston due to bnlateral nephrectomy or umlateral perinephntis, an
increased volume of extracellulrr fluid 1s found, the ipverse 1s not
alwavs true In diabetes for instance, we found 1n the rat 2 very
marhed increase in the blood and extraceflular flud volume, and
spontaneous hypertension was only occasionally observed But I be
lieve the mere1sed volumes can be an important cofactor or at least
the manmifestation of some causal factor in hypertension winch we do

not vet hnow

The relation of these experiments to the problem of human hyper
tension 1s perhaps not immediatelv apparent Determinations of the
blood volume and volume of extracellular fluid have been made n
hipertensive patients 1 basal conditions, and no abnormality hns
been found However, this argument s only partially 1ceeptable The
organism tends to muntan its homeostasis but the new equhbnum
may be unstable or may be obtained nt the expense of some chronie
abpormahts In the fitst stages of cardine falure everything 1s ap
parenthy normal ynder basal conditions but an effort will revel
decrease m the hearts reserve force In the later stages the only
~bnormality may be a1 shght merease in the venous pressure or in the
crrculation time In hypertension the renal clearances are sometimes
normal but they are perbaps normal because of the hugh level of the
blood pressure and would not be so at normal pressure The same
rgument mav be npphed to the volume of extracellular fld which
mav be found narmal 1 hy pertensive patients sa basal conditions but
which 15 perhaps normal because of the meresed Blood pressyre
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Furthermore 3t would be interesting to compare the stability of this
normality m hypertensie and pormotensive persons How does a
tolerance test infusion of sodmm ehlonde solution or a diet nch 1
sodium chloride modify the blood pressure and the volume of extra
celiular fiued o normal and hypertensive patients?
Perera and Ius assocates hate made interesting studies i this re
spect In a recent review Perera (1950) states that m s opmion
there 13 copvimeing evidence that the di order [hypertensive vascular
disease] s assocated with a disturbance of salt and water metabolism
s expeniments with the admmstration of sodium chlonde or desoxy
corbicost show a definite diffe between the pressor response
of hypertensise and that of normotensive patients the former are
much more sensitive 1o the pressor achion of DCA or NaCl He al o
observed an mcsease m the volume of extracellular fld and the blood
volume following the of these sub but he eon
cludes that the prompt nse m blood pressure 1 tho<e [patients] with
hypertension could not be asenibed to changes m salt and water re-
tention olone as there were cornparable transitory changes m the
normotenstve group  To this concluston I respond (1) Perhaps st
13 true that changes in salt and water retention are not alone respon
sible for the inerease 1n the blood pressure but this does not exclude
them as a cawsative factor (2) The fact that sumlar chanee

n tha

ad p L ulubes 1ot cause any mamfestation but the same doge
of sodum chlonde given to a patient with compensated cardiac
falure may preapitate fature with an merease 1n the venous pres
sure and body weight (Newman and Fyshel 19583

There are in buman pathology two other cases 1o which the volume
of extracellular flid and the blood pressure are rather closel
lated Addisons disease and the toxemua of pregnancy o

For all these reasons I beheve 7* rauld Be most mnteresting to styd,
hypertensive patients from the point of view of thew salt and v
metabolism and the vanations v the ok on of then

might throw mq
the difficult problem of the mechanism of artepal hypu:er:s&:)g: ton



Questions and Discussion

DR ARTHUR GROLLMAN The studies of Dr Braun Menendez and his
eollaborators on the effects of bilateral nephrectomy in the rat are
open 1o several entiasms which render myvahd <ome of the conclusions
which one might be tempted to draw from them In his experiments
with von Euler and with Covian, to which Dr Braun Menendez has
referred, no effort was made to mastaimn the nephrectomzed rats on
an electrolyte free diet To do this 15 essential if one 1s to studs the
effects of nephrectomy uncomplicated by the edema and overload of
the cirenlation which mewitably must follow the mgestion of salt by a
nephrectomized ammal It 1s not surprismng  therefore, that thece
authors observed an mcrease m the blood volume mn their anymals 2
davs followmng nephrectomv The mncrease m the bleed pressure ob-
served m such ammals mav be attnbuted as Dr Braun Menendez
has done, to this plethors of the circulation rather than to the absence
of renal tissue In my own expenments in the rat I have however,
alco noted an increase in the blood pressure fallowing nephrectom
which 15 not dependent on the devel t of edema and an mereased
blood volume However, this rise in pressure 1s evident only m anmmals
which survive from 4 to 6 davs following nephrectomv Such long
survival* 1s possible if one maintams the ammals on an electrolvte-free
daet following nephrectomv If Dr Braun Menendez were to repeat his
experiments under these conditions I doubt 1f he would encounter the
changes 1 the blood volume or the elevitions m the blood pressure
which he has desenibed

The starvation of ammals following nephrectoms does not cause
an overload of the orgamsm with salt but this procedure hhewce
Jeads to an undeswrable state of affawrs smnce 1t intensifies the rate of
endogenous protemn catabohsm and hence shortens the survival penod
followimg nephrectomy

*Cf Arthur Groliman and Béla Halpern Proc Soc Exper Biol & Med 71 304

1949
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tenble chmeally To
The facts ust described are also app

the patient with anuna it 1 pecessary (1) to exclude yo:s!lum :nd
other dlectrolytes from the det (except in an amount. lost by ‘;;)]m(l ! ni
or dharthea) (2) to admuster an amount of water equal to tha usl
1 the msensible perspiration and excreta and (3) to lfeed the patien!
a salt free diet with mimmal proten but adequate calone value to
reduce endog! protemn bohism to a Under such
conditions amune patients mas be mantamed 1m good condition for
seversl weeks or more

The fallure to vbserve the sbove deseribed conditions accounts for
the short sutwival seported by eathier observers of dogs following
nephrectamy thewr poor state dunng the brief period of their survival
and theur fadure to manifest 3 nse m bload pressure In patients hike
wise the myudicious admimstration of saline or salt contammng feods
feads to short suvival pulmopary edema coniulsive movements
apd other 1 1om: 33 buted to “urems

PR BRAUN MENF~DEZ In our expeniments as 1 smd we only tried
1p demonstrate the relationship between the blood volume and estra
celluiar flurd volume and the exstence of hypertension

I agree with Dr Grollman that there may be other factors causing
hypertension after total nephrectomy But what I wish to emphasize
here 15 that m our rats hypertension was correlated with an increased
blood volume and extracellular find volume Hypertension occurred
only m those cases where an mcrease 1 body weight was present

Tt 1< possible that of our rats had been given & potassmm fran &

LN a

= w9 vudve wund a very close relationship e
tween the increase 1o these flud compartments and hypertension
Here we have these ammals of Group 1 who were given food and
sabine solution by stomach tube and had free access to water They

gained weight and had & marked imerease 1n therr Blood yolume and
thiocyanate or wnuhin space

112 Group 2 where only water was grven and 1o food there was ¢
shight werease 1 weight and thete was a very defimite iner
estracellular find volume Now i these o s

rats there was no h:
tennon m spite of the inerease m the thiacya; s

a

@t the extraceiular fimd volume 15 due pmga!:ys ptanceth’fh“a;::r o

water from the L space o the i)} spncl; B
The ammals of Group $ 1 total fast logt weight They also sho

an ncrease in extracellular fimd volume when compayed with ‘::




Questions and Discussion

DR ARTHUR GROLLMAN The studies of Dr Braun Menendez and his
collaboratars on the effects of bilateral nephrectomy n the rat are
open 1o several criticisms which render invahid some of the conclusions
which one might be tempted to draw from them In hic experments
with van Euler and with Covian, to which Dr Braun Menendez has
referred no effort was made to mantain the nephrectomized rats on
an electrolvte free diet To do this 1s essential of one 15 to study the
effects of nephrectomy u phicated by the edema and overload of
the arculation which mevitably must foliow the mgestion of salt by a
nephrectomized ammal It 1s not surprising therefare, that these
authors observed an mcrease m the blood volume n their animals 2
days following nephrectomy The merease n the blood pressure ob-
strved m such ammals mav be attnbuted as Dr Braun Menendez
has done, to this plethorn of the circulation rather than to the absence
of renal tissue In mv own expeniments in the rat I have howener,
also noted an increase 1n the blood pressure following nephrectom)
which 1s not dependent on the develoy t of edema and an mereased
blood volume However this rise mn pressure »s evident only m ammals
which survive from 4 to 6 days following nephrectomy Such long
survival * 15 possible ff one maintains the animals on an electrolyte free
diet following nephrectomy If Dr Braun Menendez were to repeat his
cxpernments under these conditions I doubt if he would encounter the
changes 1 the blood volume or the elevations in the blood pressure
which he has described

The starvation of ammals following nephrectomy does not cause
an overload of the orgamism with salt, but this procedure hhewse

leads to an undesiable state of affawrs since st intensifies the rate of
and hence shortens the survival period

d protemn catabol
followmg nephrectomy

*Cf Arthur Grollman and Béla Halpern Proc Soc Exper Biol & Med 71 304
1949
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by TANS SELYE

The Role of the Adremal Cortes in the
Pathogenesis of E\pemneutal Tiypertcnsmn

Aawt of us have come & Jong distance in order to particspate in this
symposium eud thus to pay homage to the three grest scientists of
the Unnversity of Minnesots whom we honor today Dr Pickenng
represents one of the prominent cimeal research centers of England
Dr Braun Meneudez has spoken zhont the mportant contubations
made m South Amenca by the Argestinian imvestigators and 1 con
sider ® indeed a great privdlege to have been chosen to report upow
pertment studtes performed by our group m Canada The work of 2l
of us has been greatly lated by the fund tal ih
made here at your University Hence the opportunity on this eccasion

to discuss present-dsy views on hypertension and cardiovascular
disea ¢ )5 most weleome

Severnd other speakers on this symposium have relerred to the
prossble partiopation of the adrenal cortex 1 the geness of ariennl
bygerten ton w man Our awn ohservations are memly hased on
ammal expenmentation and evolved from the concept of the peneral
adaptstion syndrome (G AS) The latter has mven nse to o very
exten sve hteratore which ¥ cannot discuss hese m detail Those mter
ested i 1t are referred 1o my pertment movograph Stress * which was
completed orly a few months age Suffice 3t here to give merely
Azmgummauc authne of 3 53 an miroductien 4n =~ remarks on

ontept that
the patho.
L b Uistase

The Coneept of the General Adaptation Syndrome and the
Duscases of Adaptation
In 1938 we demonstrated by avmal expenmentation that the
orgamsm responds mn a stereotypical macuer to % vanety of widely
*Montreal Acta Endocnnologiea Ine., Mediead YPubhahers
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normal controls and had no hypertension I believe these experiments
show that a close correlation exists between the accumulation of water
1 the extracellular spaces and hypertension The 1ncrease in the blood
volume and extracellular flmd volume may be a co factor m the
genesis of hypertension



by HANS SELYE

The Role of the Adrenal Cortex 1n the
Pathogenesis of Fapenmental Hypertension

Man of us hase come a long distance 1n order to participate m s
symposmna and thus to pay homage to the thret grest suentists of
the University of Minnesota whom we honor today Dr Pickenng
Tepresents one of the promment climcal sesearch centers of England
Dr Eraun Menendex has spoken about the mmyportant contributions
made m South Amenica by the Argentiman mvestigators and I con
sider 1t mdeed a great privilege to have heen chosen ta report upon
periment studtes performed by our group m Canada The work of all
of s has been greatly lated by the fund tal b

Jon:

made hete at your University Hence the opportunity on this oeeasion
to discuss present day wiews on hypert
disease 13 most welcome

Several other speakers op this symposium have referred to the
probable participation of the adrenal tortex 1 the genesis of artenal
hypert 2ean  man Qur own ohservatwons ate mawly based on
amtual expenmentation and evolved from the concept of the general
adaptation «yndrome (G A 5} The latfer has given nse to a very
extensive hiterature which I cannot drscuss here in detail Those mter
ested 1n 1t are referred to my pertinent monograph Stress * which was
completed oxly & few months ago Suffice 3t here to give merely a
degmatumsiie votl se of st as an miroduchion to my remarks on
hypertension 23 2 &3 g5¢ of adaptation, since 1t 13 this concept that

directed our attention to the role of the adrenal cortex i the pathe
gefiesss of hypertensive disease

and

The Concept of the General Adaptation Syndrome and the
Duseases of Adaptation
T2 193¢ we demonstrated by ammsl expermentation that the
9TgAnIT. Tesponds n & Stereotypical manner to a vanety of widely
Montreal Acty Endocnnologiea Tne., Medicsl Prblishers

10
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different agents such as mfections, mtoxications, trauma, nersous
strain heat, cold, muscular fatigue, or X iradiation The specific
actions of all these agents are quite different Therr onlv common
feature 1s that they place the body under a situation of stress Hence
we concluded that the stereotypical response—which 15 supenimposed
upon all specific effects pecuhar to the agent—represents a reaction
to stress as such

The first noticed manifestations of this stress response were adreno
cortical enlargement, with histological signs of hy peractivity, thymico
lymphatic nvolution, with certan concomitant changes w the blood
count, and gasiromntestinal ulcers often accompamed by other mam
festations of damage or ‘shock’ We were struck by the fact that
while during this reaction all the organs of the body showed mvolu
tive or degenerative changes, the adrenal cortex actually seemed to
flourish an stress We suspected this adrenal response to play a useful
part 1n a nonspealfic adaptive reaction which we visualized as a *call
to arms of the body s defense forces and which we named the alarm
reachion’

Later investigations revealed that the alarm reaction 15 merely the
first stage of what 15 a much more prolonged general adaptat:
syndrome (The syndrome itself compnses three distinct stages name
ly the alarm reaction 1n which adaptation has not yet been ac
quired, the stage of resistance 1 which adaptation 15 optimal and
finally, the stage of erhaustion m which the acquired adaptation 1s
lost again)

The experimental analysis of the mechamsm of this syndrome was
carried out as follows

Ammals were adrenalectomized and then exposed to stress This
showed us that i the absence of the adrenals stress can no [onger
cause thymico lymphatic involution or characteristic blood count
changes

‘When adrenalectomized animals were treated with the impure cortt
cal extracts avalable at that time, 1t became evident that thymico
lymphatic mvolution and blood count changes could be produced by
adrenal hormones even in the absence of the adrenals The Iatter
therefore were considered to be indirect results of stress mediated by
corticoids

On the other hand, the gastromntestmal ulcers and other mamfesta
tions of pure damage were actually more severe 1n adrenalectomized
than 1n 1mtact ammals and could be lessened by treatment with corti
cal extracts It was concluded that these lesions are not medated by
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{he adrenal and ate combatted by su adequate cortical resp to
s“;xsxsms”l we found that bypophysectomy prevents the adrenal re
tion and conecluded that stress stimulates
sponst dunng the nl;:}m T}rleac 10
rough

lh;;t::ei’g:: p%m: cortical steroids became available we could show
thet the admumistration of muneralo-corticowds (such as desoxycortt
costerone) produces expermental replicas of the so-cslled byperten
e and rtheumatic diseases motably nephrosclerosis hypertension
and vascular lesions {especially penattentis nodosa and hyaln necto
s1s of the artenoles) as well as arthntic changes resembling 1n acute
espenments those of rheumatic fever and after chromic treatment
those of rheumatoud arthntis

Yet even very high doses of muneralo-corticords did not nduce any
significant thymico 1ymphatic or blood count changes

Gluco-corticords {such as cortisons) on the other hand were hghly
potent 1n ausing thymico Iymphatic myvolution and 10 ehobing the
charactenstic biood tount changes of the alarm reaction Furthermore
they tended to whitut the hepertensive and rheumatic changes which
can be elicited m ammals by mineralo corticords Thus 1o many re
spects the two types of corticold hormones antagonize each othee

Infl i lly those prod

Y d m the ity
of jomts by the local appheation of nritants as well as certarn allergic
feactions ate also aggravated by muneralo and prevented by gluco

corticords

We conclude that the pathogenicity of many systenue and local ir
mtants depends largely upon the function of the hypophy sis adreno
cortical system The Jatter may erther enhance or inhybat the body s

defense reathons agaimst such agents and we think that derailments
of this adaptive mech are the p

pal factor 1 the prod
of certam maladies winch we therefore consider to be essentially
diseases of adaptation

Ezperments concermng the Role of the Adrenal Cortez w the
a Genesis of Hypertenswe Disease
o discussing the role of the adrenal cortex n th
Arpeang he n the various chimiesl
Brptensve yndromes 1t 25 well to remember 2 few rather tanda
1 Sesera! vypes of clmenl b,
Ypertension (hyperplasia of the adr
u]x;{ex :\hhz\her secondary to a basophil antenor fobe xdeen:m:n::
wpathie  certaiy adreno-cortica) tumors) are accompamed by an
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mereased corticord elummnation 1 the unne and can be considerably
mmproved or cured by ablation of excess cortical hissue

2 Various types of stressors cause sn increased unnary climnation
of corticoids, 1s established by aceurate and spectfic bio assay methods

3 The excessive admimistration of synthetic (desoxy corticosterone)
or naturally occurring corticaids (desoxocortisone or Reichstemns
compound “5”) has been shown to produce marked hypertension both
m expenmental animals and m man

4 Adrenalectomy causes a decrease i the normal blood pressure
and abolishes most types of experimental hypertension The admims
tration of nunerzlo corticords after adrenalectomy restores the blood
pressure at lenst to the previously established level Hence the par
ticipation of corticoids m the mantenance of hypertension may be
regarded as defimtely established The question 1s only the ymportance
of thewr role in this connection

5 There ts no evidence of o constant and marked mcrease 1 the
total excretion of corticords 1n the majonty of patients suffering from
hypertensive disease It must be hept in mund, however, that the
homeostasis of the blood pressure, ike that of most other witally 1m
portant functions, 1s guaranteed by several alternative mechamsms
Hence a derangement of any one factor does not necessamly cause
abnormal changes n the blood pressure under all conditions The
pressor effect of the corticaids themselves for instance 1s largely
dependent upon metabolic factors (e g, sodium} It 15 for this reason
that the cffect of corticords upon the blood pressure can be profitabls
discussed only 1 conjunction with other factors capable of mfluene
mg the vasopressor system

Lyposure to nonspecific stressor agents 1s undoubtedly the most
common cause of an incrensed corticord production and sinee ths is
nccompamed by other mantfestations of the G A S, we shall now
consider cortical participation m vasopressor reactions i conjunction
with the G A S as a whole

Inthe GAS the festations of passive, nonspeeific damage are
intricatelv mtermuced with those of active defense This 15 an 1n
herent charactenstic of the stress, which chats the GAS In the
biologic sense stress results from the interaction between damage and
defensc, Just as 1n physics tension or pressure evolves from the nter
play between a force and the resistance offered to 1t

In addition to damage and defense every stressor also produces
certain specific actions (eg, anestheties act upon the nervous sys
tem, diuretics upon water metabolism, msulin upon the blood sugar)
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apatt from 1ts stressor effects Hence the G A S never occurs 1t
:lt:‘\;mi form but 15 alweys complicated by supenmposed specifie
actions of the eheiting stressors In contemplating any biologic re
sponse (eg 2 5p us disease an a psychosomatie
reaction) 1t 15 usually quite dufficult to 1dentify wdividual mamiesta
tions &s due respectively to damage from defense agamst or the
specific actions of the provocative agent Only nonspecific damage and
defense are integral parts of the G A S but the specific actions of the
eliciting stressors modufy the course of the resulting G AS {eg the
glycemie curve will dewate from the charactenshic pattern if wsulin
's nsed ns the stressor agent the neurclogic mamiestations wil be
atypical if the G A S 13 provoked by ether) In this sense they act as
conditionng factors Certain circumstances not Qirectly related to
the stress situstion are also prone 1o slter the course of the GAS
Among these beredity pre existent disease 1n certam organ svstems
and dhet. are especially important
The adjacent schemane drawing (see Figure 1) disregords the spe
ofic actions of stressors mnce they are not part of the G AS It at
1empts to depict only the man pathways through which nonspemfic

stress uself affects the orgamism and the manner sn which such re
achions are condittoned

DEFENSE

The systetme defense measures aganst both general and localized
(topeal) 1mqunes are coordmated through the hypothatamue segeta
tive centers and the bypophysis The mtial pathways through which
stressors act upon these centers are not yet known Probably either
humoral or nervous impulses coming from the site of direct myury
can induce the hypothalamus bypophysis s3stem to gear the body for
defense Subsequently both of the two great mtegrating mechanisme
\her :ervuus and the endocrme system are alerted

¢ nervous defense mechamsm Nervous wmpul

the bypothalamic vegetative centers through mi“:::o:::::nieiz?
t: ghe lpem)he:ul orguns‘_ The aplancl:mcs,mduce the adrenal medulla

and drenaline)
the Blood Other ndammg\c nerves taflyen 1 e
ce their target o
t';‘ccll')t through lﬁbzrs which 12 the final analysis Bg:li act gt;uriuilh
o 3
B p u this case st their endin,

Lh;msdves {blood vessels glands, ete) PrgeS
of ad

3 mto the if
most effectine when they are needed throughout the body while thl:

i the effector organs
sumably the disch:
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1c nerves are better suited to ampart sumilar impulses sele¢
:iu:!‘;:t:‘: ‘ce:tam crcumseribed terntonies The most conspwuou:‘r\e
sults of such neuro humoral discharges are changes in the contrachbf h)
of smooth muscle Owing to an ndrenergic vasoconstniction. the perp!
ers) yessiance smereases and the blood pressure mses This hyper
temsis e response may be further accentuated by an inereased cardac
~olume and the opemng of the renal shunt which deviates Dlood
from the cortical glomeruli to the justameduliary region of the Ladney
This newrogense activation of the shunt 1s comparable to that m
duced by mechameal mnterference with the artenal mflow (Goldblatt
clamp endoctine kudney operation) 1nto the hidney hence 1t aug
ments the production of renal pressor substances (RES) The Jatter
also cause penpheral vasoconstriction thus they further angment the
peripheral 1n the card lar system and hence the blood
pressure mses (see below)

‘There 1s some es1dence of a simultaneons cholinergic discharge dur
ng systemue stress The concurrent activation of both agomsts and
antagonssts occurs 1 many effector svstems dunng the GA'S Pre
sumably 1t helps to stablize the target organs i the face of very
powerful simuh which might otherwise cause excessive deviatiops
trom the norm This concurrent tension of agomusts and antagonists
s b of the sunull contraction of flexor and
extensor muscles for mstance 1n alimb to prepare it agamst possible
displacement by a blow which mav come from any dwection How
ever damage (shock) endangers hfe particulady through vasode

pressor and hypotensive actions kence the predommant response dur
g the GAS 15 a def hyl. )]

( nction and
hypertension

The nervous system also participates n nany other defensive ye

actious duning the G A S—eg the regulation of wat, 1:
et the & g water metabolism

ugar
(tk ﬁ:e
Mlmt © PR g~ coutraction)  but for the sake of s
picity these are not specrfically mdicated 1n our sche
The hormonal defense mech, e 2 "mahc ra—
o stress 18 characterzed b the so-calfed s;\:\hr m N
anterior Jobe hor
mone production This consists 1 a dimimished secration of somato
tmp:mhthe gonadotrophins (FSH LH prolactm) and thyrotrophin
;—w 100 a1e ot essentia) for the maintenance of e dunng condr
;OCH'; of emergency—sccompaned by an merease m the secretipn of
ACTH Apparently the anterior fobe 15 unable to produce all s




126 4 Symposium on Hypertension

hormones at an optimal rate 1f 1t 15 calied upon to discharge extraor
dmarily farge amounts of corticotrophun

ACTH s a ‘gluco corticotraphie” (G CT) hormone It mduces the
adrenal cortex to produce predommantly gluco corbicoids (G C), eg,
‘compound F,” cortisone The latter act upon the blood count (iym
phopena, penua, polymorphonuclear feucacy tosis), the thymico
[ymphatic tissue (lympholysis), the reticulo endothelial system (in
creased phagocytosis and anttbedv formation), and gluconeogenesis
(the transformation of non sugars into carbohy drates)

The gluco corticords T bly mnfl 18 many adds
tional ways, which have not yet been fully analyzed Through ll
these actions such steroids help to mamtain adrenalectormzed ammals
even durnng exposure to stress

All the gluco corticords so far evamined possess some mmerslo
corticord activity (action upon the Sodwm chlonde, potassium, and
water metabohsm) thus they resemble the pure mmeralo corbicords,
but the lstter are much more potent in this respect and possess no
gluco corticoid action Hence changes 1n the mineral and water metabo
hism observed after the mjection of ACTH do not necessaniy reflect
the production of pure mineralo corticoids by the adrenal

The action of gluco corticords npon the hidnev has not vet been
extensively studied However, prehminary nvestigations show that
they cause marhed hvperemia of the glomeruly and may render the
fatter permeable to protens and even blood Heavy oierdosage with
gluco corticoids ean produce severe hyalmzation and disintegration
of the glomerul Thss ss followed by a nse in the blood pressure pre
sumably meditted through the RPS svstem In this respect gluco
corhicords and mineralo corticords may mutualls synergize each other

The gluco corticonds minbit the produchion of arteriosclerotic
changes (especally periartenitis and hyalmosis) In this respect they
antagomze the effects of mineralo coricords

The gluco corticowds generally mhbit excessive proliferatian of
fibrous tissue the formation of intercellular protein deposits (eg
hyalnosis, collagen disease, allergies), and excessive granuiomatous
defense reactions agamst those local imtants which simulate fibro
plasbe ;flammatory reactions in mesenchy mal tissue They also tend
to decrease the erythrocyte sedimentation rate (ESR), through their
effect upon the blood protemns In all these respects they act as
antagomsts of the mneralo corticards

The mechanism of the marhed antiallergic and antilustamnergic
actions of the gluco corticads has not set been elucidated It may de




The Adrena} Cortesin Fxpenmental Hypertension 127

pend upon the breakdown of the protens which store histatsne as o
i hustamine complex
m:‘rm data uggest that under condshions of stress muneralo corucord
production 15 Wkewsse wwereased Gueh & mse can also be choted by
cerimn wpure, minerale corticotrophic (M CT)  anterior pituitary
extratts {o wetance lyoplubzed antenor pitmtary hssue {(LAD)
Threshold doses of LAP are further activated m this yespect by the
smultaneous sdmmstration of ACTH Apparently the action of the
fatter ean be qualitatively altered by some factor {X) present 1
crude pitwtary extracts and LAP This T factor appears 10 be 2
specific pitwstary prineiple 83 1t has not ‘been found Yo ocour 1 sum
lar preparations of other tssues (e g, hiver) The Y faclor 13 mam
festiy not ACTE, Gut 1 may be wWentiea) with one of the other ol
ready fnown fiypophysesl hormones 1t could also be & specud hypo
physeal prinesple not hutherto wdentified Be this ga 1t may, it has
now defimtely been established that certam prutsry extracts produce
2 giuco-corticard type others a munerafo-corticord type of reichion
Farthermore in response to stress the pitwitary ssell may discharge
j fy hie or fo cort phic prin

ciples

‘The mineralo corticords share with the gluco corticods the abilsty
1o ircrease the general reuistance of adrenalectomized ammals Thesy
slso cause severe Jesons in the ladnev f large guawdities of them ave
guen over 2 long tune There are distention of the comvoluted tubules
proliferation of the spical segments b of the ol i
protemuria hyaline cast formation and eventvally neghrosdlerons

Tt 1s hughly probable that muneralo crrfo ds terense RPS produc
tion especially through some dwect functional effect upon the con
“oluted tubules ¥ven the subsequent marphologic changes m this
part of the nephron precede the devélapment of glomerular selerosts
Eventually however the gradual constretion of the glomerular capd
{:rd; bed acts somewhat Lke the Goldblatt clatap or the endocrine

1dpey

and [ 3} b
for s T y with the At meneery
same i \ht
duced re »

aL ue
Presymadly both the shimlaton
of RIS formstion and the
";‘\;“:h ;& '{“’Sh da&mﬂctmn are thus indveed by runeralo corhc:::;
18 sliccts the blood vewds AY Frst the tesuttin
e
ims: 2 functional vasoconstnetion with an mcreasegm :;:s;e:fhlifsl
sistance and blood pressure More prolonged overdasage w:h
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mimerala carticoids results m artemoselerotic changes (especially pen-
arteritis nodosa and hvalimosis), with a conseguent permanent m
crease m the penpheral resistance and blood pressure

In this respect mineralo corticords and gluco corticords mutualhy
antagomze each other, but since (st Jeast at certam dose levels) thew
actions upon the hadney are synergistic, 1t depends upon the condi-
toning™ cireumst inces whether the admmstration of gluco corbicords
to ammals overdosed with muneralo corticords increnses or decreases
the blood vressure (Cf also the conditioning effect of sodmm and
renotrophic substances, below )

There 15 no defimte evidence to prove that etther type of corticad
has any direct vasopressor effect The addition of corticords to per-
fused vessel preparations does not cause them to contract Neverthe
less muneralo corticoids can augment the blood pressure even m the
absence of the hidnes, presumabh by rusing the blood volume
through thew effect on the mmneral and water metabolism

Both types of corticods act back upon the enterwor lobe and
hint sts ACTH production through the <o ealied phenomenon of

compensatory atrophv It 1s not vet known whether corticords alco
mpede the endogenous production of that Y factor which renders
ACTH maneralo corticotrophie However that they do 1s verv prob-
able, since otherwise ACTH therapv would only aggrasate conditions
charactenzed by simptoms of yminertlo corticord osverdosage If the
production of the Y factor i1s mhibited in the same manner as that of
ordmary ACTH then the therapeutic action of ACTH 15 readiy
explicable In both mstances the pitwitars 15 exposed to an excess of
gluco corticords The latter are even more potent in ehictmg the
ph of P torv atrophy than are the muneralo cortr
cods Consequently endogenous corticotrophic stimuh (including the
Y factor) are virtualls ehmmated and the exogenouslv admmistered
predominantly gineo corticotrophiec ACTH acts unmfluenced upon
the adrenal cortex

There 1s much to suggest that at Jeast certun types of stress {eg
emobional stmnl) ean inerevse the production of the antidwretic
hormone which 15 probable identical with vasopressin This effect 25
undoubtedly mediated bv nerve tracts descending from the hypo
thalamaus to the postenor Jobe smee (unlihe the discharge of ACTH)
1t 15 1bohched by transection of the hiy pophyseal stalk

Vasopressin exerts unportant effects upon the blood pressute and
durests, these may be superimposed upon the typreal reaction pat-
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tesn during the G A § However, the role of vasopressin secrction dur
ing systemie stress has not vet been adequatels mv estigated

DAMAGE AND OTHER FACTORS CONDITIONING DEFENSE

As we have said before many nonspeeific actions of stressors mere
ty represent mamfestations of damage and are not medinted through
either the humoral or the mervous defense systems outlmed aborve
These changes appear to result from the necrobioss of cells not suft
cientls protected by the systemie defense mechamsra Thus tissue
estsbolism octurs under conditions of stress even in the absence of
the pitutary the adrenals or the sympathetic nr-r\ous' system Al
L

N

'
can geeur even after adrenalectomy

Catabolites thus produced can condition the defensne cham-
reaction of the G A'S at vanous links We have seen that protem
tends to favor the muneralo corticotrophie tvpe of hypophyseal dis
charge that sodnim inereases while Tenctrophic sieroids derrease the

sensitivaty of the kiduey to overdoses of munerala corticowds that
topiea! chemical the fibropl

and hyalinosis
producing action of mineralo corticoids and sa forth There 15 every

reason {o believe that endogenously lLiberated protem (or amino
sads) sodium, senotrophee stermds and imtating metabolites would

influence such hormane actions 1 the satae manner as these substances
do when they -

e mten
sitv and the ¢ of the
G A S largely w upull Uit DoavY s resenve of these metabolites
and the wtensity with which they are discharged mto the blood Pre

sumably this in turn 15 mfl by heredity uff W species
previous exposure 1o sitress the nutntional state of the orgamsm ete
The have seen that the speific 2ctions of mdividual stressors may
bikewise act as condihonmg factars Thus 2gents causing ntense renal
dimage ean sensitize the body to the pressor effects of the G AS
somewhat in the same manner as partin) nephrectomy does pyso; len
histamine and other stressors eapable of causing severe vasg ls
paralysis will selectively  decondition the artenal tree to the eseor
action of endogenous RPS microbes allergens or local mcc}}::mo;
trauma can stmulate the tissues which come mto direct conts me
them ( omewhat Like the formahin or mustard 1n oue \np\c:\c x;l:ah

I3
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mineralo corticards results m arteriosclerotic changes (especially pen-
arteniis nodoss and hyalinosss), with a consequent permanent im-
crease m the peripheral resistance and blood pressure

In this respect mmeralo corticords and gluco corticords mutually
antagonize each other, but since (at least at certam dose Jevels) ther
actions upon the hidnev are synergmstic, 1t depends upon the “condr
tioning” exrcumstances whether the admmstration of gluco corteoids
to anmmals overdosed with mineralo corticoids Inerenses or decrenses
the blood nressure (Cf also the conditiomng effect of sodwm and
renotrophie substances below )

There 15 no defimte evidence to prove that exther type of corticord
has v direct vasopressor effect The addsbon of corbeords to per
fused vessel preparations does not cause them to contract Neverthe
less, mmneralo corticords can augment the blood pressure even m the
absence of the hdney presumabls by rmsing the blood volume
through therr effect on the mmeral and water metabaolism

Both types of corticords act bachk upon the anteror lobe and m
hibit 1its ACTH production through the <o called phenomenon of
‘ compensatory atrophy It 1s not yet known whether corticords also
pede the endog production of that X factor which renders
ACTH mmneralo corticotrophc However that they do 1s verv prob-
able since otherwise ACTH therapy would onlv aggravate conditions
characterized by symptoms of mineralo corticord oserdosage If the
production of the Y fzctor is mhibited mn the same manner as that of
ordnary ACTH, then the therapeutic action of ACTH 1s readiy
explicable In both mstances the pitmtary 15 exposed to an excess of
gluco corticonds The latter are even more potent mn elicting the
ph of pensatory atrophy than are the muperalo corty
cods Consequently endogenous corficotrophie stimult (including the
X factor) are virtually ehminated and the exogenoushy admintstered,
predomnantly  gluco cortieotrophie, ACTH acts uninfluenced upon
the adrenal cortex

There 1s much 1o suggest that at lenst certam types of stress {eg
emotional stimult) can increase the production of the antidwretic
hormone, which 15 probably identical with vasopressin Thys eflect 13
undoubtedly mediated by nerse tracts descendmg from the hypo
thalamus io the posterior lobe, since (unlike the discharge of ACTH)
1t 18 abolished bv transection of the hypophyseal stalk

Vasopressin exerts mportant effects upon the blood pressure and
dwuress these mav be supenimposed upon the typical reaction pat-
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and mo two stressors—act exactly nfhl;,e ’l;hls may help to dustrste
toawmp by specific properties of the stressor
m\‘\d: ﬁmegsezn,pho\\ever that even exposure to the same stressor
agent may result quahitatively different responses Tlere the poly
morphism of the G A § manifestslions 15 due to selechive condiioning
by fartars extraneous to the stressor This penpherad conditioniny,
mas gecur at the sarious wtermediate stations of the G A § or in the
target orgong themselves Ve have compared this to the mandold
effects one tan obimn with the same eectne cutrent Dunag an
emergenty 1t may be necessary to supply mare eleetnienty for a com
mumity This current will always be of the same gnality, and st will
alwaye teavel olong the some pre evistent mamn channels Yet de
pending upon the kind of emergency and the speaial needs of each
distnct both sts quality and quantity have to be regulated localty n
the periphery Thus the same current can be used to produce mechan
cal work sound, Iight of any color heat or cold, and mdeed 3t may be
shut out completely from a locahtv where 1t would represent a fire
kazard. Of coutse the mote e approach the pesiphery of such an
electne cirewit the more subject st wil be to conditioning~~first »e
cause the thin terminat wires ean more easdy be handled than the
thick puneipsl wsbles and second becawse mnterventtons anywhere
along the Iine above such a penpheral point would affect the jatier
Essentially the same 18 true of the G A S The more we approach
the penphery the more often do we note desiations from the standard
G A'S pattern Al stressors eaust an ACTH discharge but this may
or may not be accompanied hy the production of the ¥ factor whueh
15 necessaty for mmeralo cort phic action  Interf at a
lower level may cause even more selective deviations from the tymcal
stress response Thus transection of the splanchmes may mpede
adrenatine duscharge dunsg the AR without interdering with gn
G AS mandestshions exeept those resulting directly from hypc:s
sdrenatmesma The possibiities for conditioning become ever more

selective as we approach the penpheral tar

zet argans, each of which
can b 1]

o GL Amsdmdua 1y protected or senstired 1o the tymeal actions of

Summary
Incressed corticord proluction undoubiedt plays an
y
g;g :1; :.:; ug‘encs;s :;3 certain types of chincal by pertenaon {eg haso.
23 ol the antenor pitwrtary adreno-corty
cal tumors,
Vanous stressor agents nerease cortieord production gn amma)z and




130 A Symposium on Hy pertension

tion arthntis’ test) to the formation of a fibroplastic and hsyaln
contaiming granuloma tissue

Such conditioning factors affect the defense mechamsm at different
pomts and may either merease or decrease the efficacy of anv one
among 1ts ;ndividual components Hence 1t 15 ¢vident that the essen
tially stereotypical defense pattern of the G A S can mamfest iself
m widely different ways, depending upon such conditioning factors

‘Thas 15 particularly wmportant for the understanding of the diseases
of adaptation Unless conditiomng factors could considerably alter the
reaction pattern to stress, it would be impossible to ascribe rheuma
tord arthritis, peniartenttis nodosa allergies, certam types of diabetes
or hypertension to the same causative agent, namels, systemic stress
The concept that such widely different maladies should result from
the same cause has often been considered to be quite contrary to ¢
cepted views concerning the causation of disease Since this temet is
rather fundymental to our mterpretation of the diseases of adaptation
1t deserves special attention

Let us point out first that such an assumption 1s nat without prece-
dent 1n medicine For example an excesstve productton of thyrond

hormone may be ted with pred ntly ophthalmic meta
bolic or cardiac derangements Before the tuberculosts baeillus had
been 1solated, 1t would have been dered most mmprobable that

such dissimilar conditions as Pott's disease phthisis of the lungs
miliary tuberculosss, and the tuberculous lupus of the shin are all
caused by the same pathogen, et tius 1s the case

We have nttempted to demonstrate that the polymorphism of the
G A S symptomatology 15 due to two princtpal reasons First evers
stressor has speaific actions, 1 addtion to 1ts stress producmg ability
The former modify the response caused by stress as such hence the
polymorphism of the G A S mamfestrtions cwn be due to specfic
effects of the evocative stressors

This type of conditioning may also be ilustrated by an evample
taken from chemistry Al acids have many properties in common
set the reactions of each member in this group are essentially dif
ferent The charactenstics they share are due to therr acidity the
praperties which distinguish them are the specific reactions of the
earrters of this acid function In pharmacology the stressor effect 1s
what the drugs have m common, their other properties endow them
with ‘speafic pharmacologie actions’ Both m chemustry and m
pharmacology the speaific properties condition that nonspeaific feature
(scidity stress) which the entire group shares Hence no two acids—
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The Mechamsm of Hypertension Due to
Desoxycorticosterone

PromasLy the first observation of the pressor effect of desoxy
cortreosterone 1n awmals was made by hohiman et o) (1939) whe
after mjecting 2o g, per day durag 70 days into two dogs ohserved
1mereases i the blaod pres ure of 45 and 20 mm g respeetvely Thy
«tudy was a consequence of the observation of Loeh et ol {3939)
wha called attention to the abnormal rise m pressure obtamed i two
Addisontan patients treated with desoxyeorticosterone a tact which
was subsequently confirmed by many others In 1940 Grollman o2 al
reported hypertension 1n rats treated sith desox; corticosterone and
Swingle et of (1941) obtained transitory hypertension 1 normal and
adrenalectomized dogs Rodburd and Freed (1942) confirmed the
pressor effect of desoxycorticosterone 1w dogs and Mrazek et of
(1942) and Bnskin et of (1949} confirmed it m rats

Selye (1042) showed that desoxycorticosterone calses nephrosclera
st and generahized tissue edema d by cardiae hyr thy
1 the chick and Selye and Stone (1945) observed that hugh doses o
sodium chlonde 2dded to the dnnking water of chicks suffice to ehat
these changes Belatssely small doses of desoxycorticosterone become
towe ¥ given m conyunchion with a solution of sodium chionde which

by stself causes no abnormal symptoms Then Selye and Hall (1943)
and Selye et o (1948) showed that m the rat chrome overdosage
with ¢ t caluses nzal, ¢ neph

? 1 with raped
iy progresung hypertension The production of both the renal changes
and the hypertension was fachtatad by the admunustration of al
et cent sodum chlonde solution snstead of ardinary tap wekes {(Selye
and Pentz 1943) To obtai these effects desaxy carticosterone was ad

daly by sub wrehion m rather large dowes (5
to 10 mg) but later the same results were ohtamed by sigle sub

cutaneous mplants of one or two 2040 my peilets (Salye et ol 1940)
from which sometimes less than | mg per dav was shuorbed
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man, as shown by demonstrably augmented corticoid elimimation 1
the unne

Mineralo corticords and certan corticotrophic pituitary extracts
cause hypertension, with nephrosclerosis and hypertensive vascular
lesions, 1n ammals both on normal and particularly on high sodium
high protem diets

The pressor and nephrotoxic effects of pitwitary extracts and
mineralo corticoids can be prevented by dietary measures (metabolic
“conditioning” factors)

Probably both the actual amount of corticoids secreted and the
metabolic factors which determme their activity play an important
part 1n the development of clinteal hypertensive disease

The degree to which corticord secretion and corticoid conditioning
metabolic factors are mvolved 1n the development of the varous
types of climicnl hypertension remains to be established
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Perera and Blood 1947) 1ts effect bewng much more marhed 1n the
{
O?w:ng\: etol (1941) and Clmton et al (1942) observed a moderate
icrease 10 the plasma Yolume normal dogs myected with dcs;:xyd
cotticosterone and we have seen (Table 1) anncrease in the bloot
Tazir 1 The Efect of Desoxytarticosterone Acetate (25 mg/dav

Talar
Tat durng 15 Dags) on the Blood Volume snd Extracel
P ‘Fluld Yolume (Thiocyasate Space)

Extracellutar

No of  Blood Volume  Flud Vohame

Res  (miNodem?)  (ml/100 em?)
DCA treated 8 488 184
‘Normal ::nho‘; 8 406 1638

\olume (20 per cent) and extraceliwlar flmd volume (13 per cent)
rats to which 25 mg of desoxycorticosterone per day were admms
tered dunng 15 days {Braun Menendez and Martinez 1049b) Selye
and Dosne (1641) also obtamned in the intact rat a shight nse in the
blood volume following the admmmstration of desoxycorticosterone
Gaudsno and Lewitt (1949) gave 80 mg of desoxycorticosterane per
dzy to dags durnng 3 weeks and observed a marked and immedite
nise 1n the volume of extracellular ind with a reduction of the intra
celiular flid and a shght increase 1n the blood volume

Renal lesions 1 have already reviewed the early work of Selye and
Ius collaborators on the renal changes resulting from the sdmimustra
tion of desoxy and of desoxy Plus a sodwm
chlonde dnnlang solubion Later on they demonstrated that s the
absence of salt 1m the diet or the drinking flmd the admuustration of
desoxy corhicosterone 15 not followed by renal changes (Sclye et ol
1949) We have confirmed the latter results (Braun Menendez and
Prado 1950) (Fig 1) Some authors clam that renal hypertrophy
aud renal Yewons ean be observed 1 rats alter the admnistration of
desoxyeorticosterone without any sodium unplement (Friedman apd
Friedman 1042 Green and Glover 1948) But therr rats were led
dle’v;s c:mlammg appreciable amounts of sadn m Abtaed

uv y v29) 1 the chick and by man
authors 1 the rat The smereased weight of the heart goes gand i
hand with the wnerease m the bl ;

ood pressure
quence of the latter pressure and 13 probably a conse
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The Reaction of the Organism to the Chrone Admumstration
of Desoxycorticosterone

Before considerng the possible mechamism of desox; corticosterone
tnduced hypertension we should review some of the reactions of the
organtsm to the chrome administration of this steroid

Electrolyte changes Following the admimstration of desoxycorts
costerone, there 15 a stnking and rapid reduction 1n the renal excre
tion of sodum, chlorine, and water accompamed by an increased renal
excretion of potassum The mechamism of these actions 1s not vet
well understood, but 1t seems that the retention of sodium 1s mediated
through the ability of the cells of the kidney tubules to reabsorb more
or less sodium from the glomerular filtrate According to the hypoth
esis of Wesson et al (1948), a fixed percentage (about 87.5 per
cent) of the filtered sodium 15 actively reabsorbed in the proximal
tubules, and the rest 15 reabsorbed in the distal tubule which has 2
maximal rate of resbsorption The amount of sodum excreted would
depend according to this hyvpothesis, on the load of sodium offered
to the distal tubules which depends m great part on the rate of
glomerular filtration But many mvestigations show that this hypoth
esis cannot explam all the facts In cardiac farure or hepatic ar
rhosis, where soditm retention 1s known to occur the rate of glomeru
lar filtration may be normal (Farnsworth and Krakusin, 19481, b)
On the other hand the disappearance of edema during recompensation
1 cardiac patients may occur without changes in the glomerular filtra
tion rate (Briggs et al 1048 Earle et al 1949 Kattus et ol 1949)

An mecrease 1n the renal venous pressure mcreases the renal re
absorption of sodum (Blake e al 1949 Selhurt et af 1849) anm
crease 1n the blood pressure (Green et al 1949) or an ncrease i the
sodium load (Selkurt and Post 1949, Green and Farah 1949) dmun
tshes the tubular reabsorption of sodium It scems therefore that the
capaaty of the tubules for reabsorbing sodmm 15 subject to great
variations, which depend on many physiologieal factors Among these
the antidiuretic hormone of the posterior pitwitary probably decreases
(Little et al 1947 Anslow et a! 1948) and desoxycorticosterone 1o
creases the tubular reabsorptive capaaity for sodium

Changes 1 the blood volume and extracellular flud volume The
retention of sodium following the administration of desovycorticos
terone 1s accompamed by an crease in the plasma volume and extra
cellular flnd 1 patients with Addison s disease as well as normal
subjects (Clinton and Thorn 1913, Loeb 1042 Perera ef al 1944
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Tnowlton et al (1947) and Sélve et al (1949) Some aulhor’; h'!l;‘c
obtamed negatnve results which ¢an be attnbuted ta one of the
lowing causes (1) The rats drank weater (Braun Menendez and
Fogha 1044 Gaudino 10M Yeathem and Dnlt \'.)fs Selye t:l;ll
1943) or very dilute sodim chlonde solutions (I\“\“‘“““; :
1946) (2) The diet was very poor in salt (Braun Menendez and Fogin
1644 Gaudmo 1948) () Desox)corticosterone was admmstered
low doses (Leathem and Drdl 104%) or duning too short a time
(Leathem and Dril} 1043 Gavdino 1084) {4) Perhaps some strams
of Tats are less susceptible to the nephrosclerotic and pressor action of
DCA (Friedman 1949 Bechgaard and Bergstrand, 1910)

On the other hand some authors ciaim that hvpertension can be
obtamed by desoxgeorhicosterone without any additional sensitiza
ton (Fnedman and Friedman 1949) meanng that the admimstra
tion of a 1 per cent sodum chionde solution as a drinking fimd or
umilateral nephrectomy 13 mot mdispensable to obtawm hypertension
Green and Glover (1648) alho obtmmed hvpertension following the

di 1on of desoxy to rats without the addition
of sait to the diet or the dnnking flind But in nerther case was sodwm
chlonde abisent from the diet the amimals were fed Punna fox chow
or other simylar diets which contam salt n apprecrable gquantities

The action of desoxycorticosterone 1s m such a way related to the
presence of sadium chlonde (or more properly speaking to the pres
ence of sodm) that it i difficult to decide whether sodium chlonde
sensitizes the ammals 1o the actian of desoxycorticosterone or whether
desoxi corticosterone  potentiates the effect of subthreshold doses of
codwm chlonde a3 Selye and Stone eepressed 1t in 1843 The lntter
15 true at least m the chick where the admnistration of sotum
chlonde m high concentration (2 per cént as a dnnking flwd) cause
hypertension (Lenel et ' 1048} und rewal lessons {Selye 1913) the
';:;z;*;:%oltd:nl\(cgl with those ehserved when subthreshold doses of
are udmlmsle‘r:d ‘“‘Zc::r“ceft) vk 15 themschas are nat tome
terome (Setee wud 61, y !;j wnn\nth small doves of desoxs corticos
durng 6 weel\ux“szﬂmneu;l‘ah? {2 e”)d (1950) 2d

n2 {2 per cent) s n dnnking fu
rats The ammals developed astermt hypertension which :\% nutgp:;

2!
rative to body weght vpertzophy of the keart and kidneys

was found Lo be assomated with k

leurbanees 1;1 ;Ule water metabobam Vost authors affirm that the
of rone 15 followed by a dsab
dus ke syndrome with polydipsia apd polyuria Our resuh::;i;n?}:t
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Fioure 1 The heart and kidney
weights 1n rats 7 weeks after the
0. mplantation of 40 mg of desoxy
corticosterone acetate Rats were
,:,?. - separated nto 8 groups arnd 4
§ kY types of diet were employed
N b RPS nich m protem (40 per
by Py cent) and salt (4 per cent} RP
$ é nich m protem without salt

PPS poor m protem (18 per
cent) and nch m salt (4 per
cent) and PP poor 1n protem Of the two groups on each diet one recened
desovycorticosterone and the other remained as control As may be seen des
oxycorticosterone caused no renal or cardiac enlargement i the absence of
salt mn the diet

mntiy

’

.
e s 204
—e a 228 e2ch

Figure 2 The same experiment
as in Figure 1 In the absence of
salt mn the diet and the drnkmg
flmd desoxycorticosterone caused
no increase m the blood pressure
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Hypertension An analysis of the Literature concerning the action of
desoxy corticosterone on the blood pressure of the rat shows some con
tradictory results But these contradictions may be explamed if due
constderation 1s given to the expermental conditrons m each case In
our rats (Braun Menendez and Prado 1950) fed a sodm poor diet
and drinkimg tap water the implant of 40 mg of desoxv corticosterone
was not followed by a mse 1 the blood pressure 1n the course of 6-8
weehs (Fig 2) On the other hand, the addition of 4 per cent sodum
chloride to the diet was enough to cause hvpertension m rats im
planted with the same dose of desoxycorticosterone The presence of
sodum chloride 1n sufficient amounts 1n the diet or the drinking flud
15 thus necessary for the pressor action of desovycorticosterone to
become manifest Our experiments confirm the previous work of
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sodium chlonde w the diet desoxy corticosterone causes No RLIRASE
ater 1mbabe or uroe output
m’gl:fma)m\y of suthors just mention the fact that ‘thegﬁuxa ex
change whep desox t 1 ad to sm
mals which dnnk a sodrum ¢hionde solution

i wteke
a_a

Fiorws 4 The effect of desory
cotticosterone admmistration ¢n
the flmd mtake of rsts gmven free
gtoess to tap water and a 1 per
cent solutson of sodium chlonde
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Tie have studied recently the response to desoxycorticosterone of
rate whick were aftowed to tegulate thewr own salt wtake (Fig 4)
Then guven access to a 1 per cent sodwm chlonde solution ta & con
{aimer separate from the ope wsed for thew drnking tep water the
anymals wto which desoxy corticosterone was imjected i daly doses
of 25 mg mcreased therr daily mtake of salt solution several times
and decreased the mntake of tap water The mereased appetite for
sodum chlonde solution became mindest the 2d ar 3d day after the

of the mny and | d 2 or 3 days after the end of
the wjection period Rice and Bichter (1843} obtaned wmore or Jess
silar results

This 5 mdeed an unexpected response We have seen that renal
lesions venal hypertraphy and bvpertension appear only when de
soxicorticosterone 18 guen m compunchion with sodim ehlonde 1
the diet or dnoking Swd (Brapn Menen lez ana Prado 1050} Ac
cosding Yo Ruhters deas apeofe appetite 15 for rats a defense

h the appetite for those subst: that are more
favorable for therr subsistence (NaCl 1p pdrenal msufficiency Call.
m parathyrod 33} ete) and d for those thet ar:
detrimental to the orgamsm As gn example of the latter situation
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this action of desoxy corticosterone 15 also dependent on the presence
of sadum chlonde m the det or the drinking flmd

If o salt free (or salt poor) diet 15 administered together with tap
water as a drinking flnd the admimistration of desoxs corticosterone
(the mnplant of 40 mg of desoxycorticosterone ot the daly sub
cutaneous injection of 25 mg) does not cause anv merease 1n the
water mtake or urine output (Tig 3) (Braun Menendez and Prado

25090t
RS
o B~ FiGURE § Same experunent as 10
" s
" Figure 1 The ratio of the water
™ -’_;';;L“— mtake of the rats implanted with
.;. - SN -~ desoxycorticosterone and of the
N 44 gl AReX4 control rats 1s plotted agamst
&0 0" ‘3 R time No increase in the water i
:“ .« . * L, s toke was produced by deows
<ar ¢ . (4 corticosterone 1n  those groups
s that recerved no salt in the diet
’ 2 3 * 4 ‘ r
Weeks

1950, Braun Menendez 1950) In the presence of sodium chloride 1n
the diet (4 per cent sodium chloride) the admimstration of desoxy
corticosterone 1s followed by a shight mecrease mn the water intake It
only when the onlv dunking flwd available 1s an 08 or a 1 per cent
solution of sodmm chlonde that the intake and output of flud are
greatly increascd by the admimstration of desosycorticosterone

An analysis of the literature showed that this observation had nl
ready been made by others, without any speuial emphasis having been
gtven to it The results obtamned may be divided mto two groups

1 Those that show a moderate mcrease In the water ntahe fol
lowing the admmstration of desoxycorticosterone (Carnes ef af
1941 Selye et al 1945 Shahen and Green 1948 Harned and Nelson
1913 Winter and Selye, 1942 Corey and Britton, 1941, Green et af
1948) But none of these authors studied the action of desoxcortt
costerone on the water mntake of rats fed o sodum chloride free diet
In every case the ammals were fed standard diets (Purna fox chon
ete) which contmn sodium chloride m a proportion surels greater
than 1 per cent

2 'Those showing that the action of desoxycorhicosterone on the
water mtake depends on the amount of sodm chlonde mn the diet
(Ragan et al 1948, Rict and Richter, 1648 Braun Menendez and
Prado 1950 Braun Menendes 1950) and that i the absence of
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gave 017 M solutions A N2Cl hC) CaCl MeCl NHCl a;‘\fl ]‘;acl(e)r,
1o the other we gave 017 AL solutions of Na THPO, Na §0; Na A N:
NaCl Na citrate and water The admmstration of ﬂﬁh\’};‘m; A
terone (25 mg per xal per day) dunng 10 days caused md! e ;xnlnacr
group 8 \ery marked ereased imtake of eodm chlonde solution
(from O m} per rat per day m the control period to 206 ml per rat
per day) and of ammonss chlonde solation {from 017 per 73t per
day to 677 ml per rat per dav) while the mtake of water apd mag
nesnum chlende decreased from 18 to 07 and from 09 to 027 m
respectsvely In the second group the ntake of sodum chionde and
of sodium phosphate both d ficantly with the particu
Yant that 25 the wiection peand progressed the rats ceerned to drink
the sodium chlonde solntion n preference ta the sodium phosphate

The Mechanssm of the Action of Desorycorticosterane

The vole of sadwm Ve have slreads pomted out that in the ab-
sence of sodmm chlonde the ad

of de<oxycorticast
13 not followed by renal lestons or hypertension or an ereased intake
of water For these changes {0 appear salt mst be given 1 the diet or
the drinking And The sodum ton 13 the one responsible for the action
of salt as has been shown by Selye et of (1949) Fpedman et af
{1848} and others We also know that desoxycorticosterone causes
a retention of sodum in the orgamsm probably owmg to the wm
creased tubular reab erption of this catien

The first pomnt to be considered 13 whether sodium sensitizes the
argamsm Yo the action of desoxveorticosterone or on the contrary this
stecond sensitizes the organtsm to the action of sodwm This guestion
hasnot yet been <olved although as we have alresdy pomted out the
second proposition has some svidence wm ds favor In fact the ad
womstration of sodsum ehlonde alone i hugh doses causes renal Jestons
and artenal hypertension m the chich and the admumstralion of
desovycorticosterone together with <ubthreshold doses of sodium chlo
ride causes the same effect ns soditm chlonde alone Tn rats the ad-
wumistration of desoxycorticosierpne even gral doses does not
cause alteration m the water turnover renal marphology or Blood
pressure of sodium chlonde s sbsent from the dier On the other hand
Sap\;s\em e; ol {19.0) have obtamed b
trophy m the rat after admmsterng
«odim chlonde solution a5 a dn:km: g::lng § weeks 22 per cent
bc\:}:z i;i‘“’: ;}g‘:"‘l;‘e \:: xii:ases should produce renal lestons and

s pertension and renal hvper
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Abrams and his associates (1949) found that rats made hypertensive
by pernephntis have a decreased appetite for sodiim b pertenswe
rats having access to different salt solutions drank less sodum chlorde
and sodum bicarbonate solutions than the normal controls One would
expect that allowed to choose between tap water and sodum chlonde
the rats to which desoxycorticosterone had been admrmistered would
reject the saline solution as on the election of the dninking fluxd would
depend the presence or absence of subsequent renal lestons and hyper
tension

An explanation of the anomalous increased appetite for sodium
chloride following the admnistration of desoxycorticosterone might
be found tn the loss of potassium caused by the steroid Perhaps the
rats took more soditm because no other cition was available to com
pensate the loss of potasstum To test this hypothesis, we arranged an
experiment 1n which the rats had access to 3 graduated water bottles
one contaned a 017 M solution of sodum chlonde, the second con
tained 2 017 M solution of potassium chlonde and the third distilled
water The admmstration of desoxycorticosterone (25 mg per rat
per day during 8 days) caused a marked ncrease m the mtake of
sodium chloride solution and no sigmficant change in the mtake of
water or potasstum chlonde solution

We then made another experiment 1 which ench group of rats had
access to various salt solutions (Fig 5) To one of these groups we
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Fioure 5 The effect of desotycorticosterone admimstration
durimg 10 days on the spontaneous ntake of different
salt solutions
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gave 17 solutions of NaCl KO Ca‘(il: \‘ixligh ;:‘égl‘a;\qi;;::\é:
I solutions of Na A
l}?:‘g D&h:’:;f;\::; ’:vlnm' The admm&s;muon of gelso:i:o;ot;:;
at per day) during 10 days caused in
miife:;g:::kred‘ Emeas);?i mntahe of sodum chlonde soluho’lr;
(from 9 ml per rat per day 1n the control pertod to 206 ml pe: T
per day) and of ammomum chionde <olation (from 017 per Sn per
day to 077 ml per rat per day), while the mtake of water and mag
nestum chlonide decreased from 18 to 07 and from 09 to 027 m
respecinely o the second group the mtake of sodum chlonde and
of sodium phosphate both mereased sigmficantly with the parthien
fentv that as the injection period progressed the rits seemed 10 dnnh
the soduum chlonde solution 1n preference 1o the sodwm phosphate

The Mechamsm of the dction of Desoxycorticosterone

The role of sodwm Ve have wlready pointed out that in the ab-
sence of sodmurm chlonde the admmstration of desoxycorticosterone
19 not fallowed by rensl lesions or hypertension or an mcreased intake
of water For these changes to appear salt must be given in the diet or
the dnnking flurd The sodiura 1o 15 the one responsible for the action
of salt as has been shown by Selye et a! (1948) Friedman et of
{1948) and others Vie also know that desoxycorticosterone causes
a retention of sodmum i the orgamism probably owing to the in
ereased tubular resbsorption of this cation

The first pomt to be considered 13 whether sodium sensitizes the
orgamsm Yo the acton of desoxy corlicosterone or on the contrary this
steroid senmlizes the organsm to the action of sodum This question
has not yet been solved sithongh as we have already pointed out the
second proposition has ome evidence 1n ats f1vor In fact the ad
rumstration of sodm clonde alone m high doses tauses renal Yesions
and artenal hypertension i the chuck and the admimstration of
desovs corticosterone together wath whthreshold doses of sodim thio-

nde causes the same effect as sodum chloride alane In rats the ad
of desoxs corticost

even m great doses does not
cause alteration 1n the water turnoyer renal morphology ot blood
zmsuxe 1t sodium chlonde s absent from the diet On the other hand
Sapstem et ol {1950) have obtained hypertension and renal hyper
trophy  the rav after admunistering

during 6 week:
sadwn ¢hlonde sobuvion as a drinking find § % mecke n # per cent
Whv sodiam chionde 1 high doses should

rodue
how 1t does sa are syll usknown ¥ = reoal lesions and
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The relation between hypertension and renal lestons Lhc hyperten
sion which follows upon the admimsteation of desoxy corticosterone
plus salt 15 always accormpanted by renal lesions One can thus almost
affirm that the fadnev plavs an active role 1n this type of artena)
hypertension The evidence mn favor of this pomt of view deme
from the following facts (1) When de<osycorticosterone 15 admmni
tered 1n conjunction with sodmm salts, both renal changes and hyper
tension follow Xf salt s withdrawn, desoxycorticasterone causes no
renal lesions and no mse 1 the blood pressure (2) Fredman and
Triedman (1949) found a ‘ remarhable parallel* between alterations
m the blood pressure and an merense in the hidney weight An elena
tion of the blood pressure even at the earhest date studied was always

p d by an m the hidney weight () Studies on the
persistence of hypertension after the cessation of treatment with de-
sovy corticosterone show that hypertension may become permanent i
from about 50 to 60 per cent of ammals (Prado, 1950) This tspe of
hy pertension could be compared to metahypophyseai diabetes (FHous
say, 1942), o permanent diabetes due to pancreatic lesions produced
by the temporary admmstration of antersor piturtarv extracts

Before considenng the mechamsm by which the kidneys participate
i the desosycorticosterone mnduced hypertension, we must discuss
some expenmental findings which may seem contradictory

1 Tredman et ol (1938) studied renal function i rats to which
desoxycorticosterone had been admimstered and noted that the mse
m the blood pressure appeared to be mdependent of alterations m
renal function as determmed by the clearance of mulin and PAH,
other words, though desotycorticosterone caused alterations m renal
clearances, the blood pressure elevation seemed to occur well before
the onset of renal interference But they also recognized the presence
of renal hypertrophy, which ‘mdicated that some renal change had
oceurred * Later on Friedman and Friedman (1949) by correlating
the renal functions with the hiduey wesght, concluded that since renal
function was mamntamed only at the normal Ievel despite the ncrease
1 the size of the kidnes, it seemed reasonable to assume that tins
process 1s o compensatory hypertrophy If the renal function tests
are correlated with actual renal mass, the renal imvolvement becomes
apparent In other words, the previous/finding that the nise m the
blood pressure antedates the alterations of renal function loses its
significance  pormal renal funchon was maimntamed by an mcrease m
the renal mass and, I would add, lﬁobably by the ncrease in the

blood pressure (
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ressure that 13 d followng the ad
o!zdgzyli?r‘::i;stmne can return to normal levels on m\t"n‘(\liv\m:
of the treatment with fhus sterond This happens most easly an musd
ramdly when treatment bas not been very prolonged Fnedmaln on
Friedman (1949) withdrew the 76 mg pellets of desoxycorticosterone
25 97 and 51 days after the implant 1 intact rats In all the hyper
tensive ammals the blood pressure returned to normal m about
days The duration of the hypertension before the mterruption of the
treatment was not more than $6 days Prado (1950) removed the
pellets 140 days after imbation of the treatment 1n rats which had
had hy pertenston of at least 120 days duration Thrty four days after
the removal of the pellets the blood pressure was sull elevated i all
the ammals If the pellets were removed after shorter perods of hyper
tension only & P of the rats d hyp e In the
rest the blood pressure returned to normal Jevels in from 20 to 27
d2ys A thorough study of the residual hypertension has not yet been
made The fact that 1n some cases the elevated blood pressure can
return to normal on cessation of the treatment can be taken as evt
denee agamst the partiapation of the kidney 1n the process “ever
theless 1t seems reasonable to assume that the repal lesions cansed by
desoxy corticosterone can regress after withdrawal of the sterord or be
p d by hyp hy of the non d d renal struciures

8 Why are the renal lestons caused by desoxy corticosterane and salt
accompanied by hypertension while more extensive renal Jesions
caused by & great number of other agents may not be accompanied
by hiypertension? A verv typreal ease 15 offered by the expermments of
hrowlton and bns co-norkers Rats rendered nephntse by means of 2
rabbut ants rat baduey serum did not develop hypertennion but when
desoxycorticosterone was given 1n the dose of 2.5 mg per day striking
hypertension resulted 1n every mstance (Boowiton et ol 1946) The
admmstration of the same dosage of desoxycorticosterone to nephntic
anmals reterving & diet with only 8 m eq XNa per 100 gm of diet did
ot cause hypertension (huowlton et ol 1947) These authors pont
out that the renal changes were somewhat more pronounced m the

Tt receving desoxyeorticosterone pl
plus cytotoxic serm
lesions caused by the serum w . et

ere 8. eXtensive asg the
desoxyeorticosterone alone e as those produced by
e of these facts real
we shall try to elucidate later a real problem which
The mechamem of the renal
Assuming that the kidney pl

varticipation s renal hypertension
ays an mp role 11 the hyp:
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2 Jhe po alabts that the Jodnevs are concerned with the extreton
nwl po sible nactivstion of desoxveorticosterone 15 suggested b
¥ nrdman and ¥ nedman (1939) These authors extipated the Ridnes
1 both nosmal rats and rats treated with desoxt corticosterone In &
former they observed a nise 1 pressure 1n § of 8 ammals, 20 obeern
tiwn alnost superposable to that of Braun \fenendez sud voR El
(1047) A esen more marked nse was obsers ed 1 all the deoTve>
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~_ e made by Hall and Hall (1939) T do not beheve thet e
- b 1as_confirm the assumption of Friedmsn and Fredz-
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o of VEM by the lidaeys m tats made hypestensive by DCA
ation
ad’ﬁzi:iney may partieapate also 1 the desoxy Lorticosieront induced
Yy pertension by relaming sodmm And this leads us to the dlscussul))n
of 2 possible estrasensl mechamsm m the hypertension caused by
desoxycorticosterone )
The particrpation o ! mech m i
induced hypertension The retention of sodum and chlonde and the
excrelion of potassium are a very stukmg action of desoxycorticos
tacatie and bave been demonstrated 1 rats dogs, and men (huhlman
et ol 1939 Harkpessetol 1942 Clintonetal 1042 Loeb 1932 ete)
The changes sn the electrolyte metab hsmn due to the ration
of desoxycorticosterone may be imstrumental in the elevation of the
blaod pressure
The retention of sodum 13 accompanied by an enhenced appetite
for sodrum and an increased 1ngestion of it (Braun Menendez 1950)
by a marked and rapid mcrease m the exveacellular flud (Brava
Menendez and Martez 1949 Gaudino and Levitt 1049) by a de
crease 1n the wtracellular Burd (Gaudino and Lesttt 1049) and by a
slight increase in the blood volume (Swingle et ol 1941 Clinton et o

194° Braun Menendez and Martinez 1849 Gaudine and Lewitt
1949)

The explatation of all these changes 1s still coropletely hy pothetical
DBCA possibly mitiates all of them by altermg the cefular permea
‘blity for calions (bwingle 1947) potassium leaves the cells and s
excreted by the lndneys and is followed by the partial replacement of
mtracellular potassium by saditn This change has been observed i
the voluntary musde (Buell and Tuwrner 1941 Muler and Darrow
1941 Ferrebee et ol 1941) and also to a lesser extent m the cardiac
muscle {Damow and Miller 1942) It no extra sodwm chlonde 15
guen all that happens s 4 shilt of the fimd  decrease i the mtra
cellular fd and a shight ineresse m the extracellular fuid These
changes are the reverse of those following sodrm depletion 10 man
{McCance 1938) or the Darrow and Yannet experunent (1935) But
if enough sodwm 15 gavess s the det or drnlang flwd renal Jesions
appear the mcrease 10 the extracellular flwd 15 muck more mnkzd
23d 1t 1s further mcreased by an enbanced appetite for sodium The
matked mcrease m the extracellalar fisd 15 1 believe a .
factor m the causation of bypertension The evidence 1 fave S
point of view has been summarized m a previeus preseut:tx;o‘:- ::;
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which follows upon the admuustration of desoxtcorticosterone ples
salt what 1s the mechanism of its particrpation?

Many hypotheses have been put forward by those who have studied
this problem

Y The renn hypertensin system may be mvolved, according to
Selye The mjection of desoxycorticosterone would, according to ths
hypothesis, mitiate the vicrous circle of hypertension “by mcreasing
the vasopressor (renin?) production by the hidney * Knowlton et ol
(1946) also refer to this possibiity But to my Anowledge nobody has
yet studied the renin concentration in the blood or hidney s of ammals
rendered hypertensive by the admmustration of desoxycorticosterone

The possibility that desotycorticosterone might imncrease the eff
ciency of the reaction Renm -+ hypertensinogen — hy pertensin was
explored i vitro by Croxatto and Crovatto (1949) with negatie re
sults The same authors also found that the acute admmstration of
desoxycorticosterane did not merease in the rat the pressor response
to hypertensin or adrenalin

2 The possibility that the hidneys are concerned with the excretion
and possible inactivation of desoxycorticosterone 1s suggested by
Friedman and I'riedman (1949) These authors extirpated the kidneys
m both normal rats and rats treated with desoxycorticosterone In the
former they observed a rise 1n pressure m 3 of 9 ammals an obseria
tion almost superposable to that of Braun Menendez and von Euler
(1947) An even more marked rise was observed mn all the desoxycort
costerone treated antmals after total nephrectomy A simuar observa
tion was made by Hall and Hall (1949) I do not believe that these
observations confirm the assumption of Friedman and Fredman
(1949) or exclude the participation of the hidneys mn desoxy corticos
terone hypertenstor as cluumed by Hall and Hall (1948) They merely
show that the previoJs ratton of desoxycort] canses
a change m the orgamsm that favors the appearance of the hyper-
tension which frequently: follows total nephrectomy m non treated
ammals We shall presently come back to this subject

VEM formation by the kidney 1s abolished by adrenalectomy and
this can be restored by desoxy corticosterone (Shorr 1948) The vaso
pressor substance produced by the hidney following the admimstra
tion of desoxycorticosterone 1s perhaps VEM rather than remn or
both This possibiity has been tested by Zwerfach and Shorr (1950)
who were not able to find any wmetease in VEM or changes m the

seactsvity of the termunal lar bed, or modifications in the forma




Questions and Duiscussion

bR MAURICE B VISSCEER Vve have been interested 1 the relation
ship of desoxy and hy for some time i our
Jaboratories We have been troubled by sev eral pomnts Farst let me
remmd you that one of the charactenstic things m essential hyper
tension 18 that 1t oceurs without appreciable disorder of renal function
1n many if not in most imstances

The were imterested 1 ascertaimng whether hypertension could be
produced 1 dogs and other smmals by desoxycorticosterone along

with very large quantities of sodum chloride 1 animals with normal
renal function

Qur most extensive studies have been done i the dog ¥ refer par
ticularly to the work done in cooperation with Dr Rodney B Harvey
Dogs were mamtaned for penods of a month with a dalsy ad
of 25 mg of desoxy acetate and of between
75 and 125 gm of sodum chlonde The dogs were fed the salt by
stomach tube along with the ground horse meat diet
In none of these ammals was there a maintamed gamn i body
weight In none of them was there an mcrease m the systolic or
duastolic blood pressures as measured with the van Leersum loop by
the cuff method or as measured directly by puncture
e were i other words unable to obtain appreciable retention m
these dogs of either salt ox water over a long penod of time We had

evpected that we might have obtamed salt and water retention with
such large salt loads combined with high d dosage
Te had also d a prod of hype Tre have been
disturbed by this set of observations beeause 1t seems to us that it
sh:uld not b; necessary to mactivate part of the renal mechamism
order to produce this effect m a

o e produce U :;n:als but that 1t ought to be pos

t and salt with
a normal renal mechamsm to the pomnt where such effects pecur f
17
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will not be repeated here But 1n desoxy certicosterone mduced hyper
tension the intervention of this factor seems evident
When desoxycorticosterone 15 given 1n conjunction with a sodwm
defictent diet, there 18 no sigmficant increase 1 the extracellular flud
and no hypertension On the other hand, all the factors which favor
the retention of sodium in the orgamsm, whether due to an mncreased
mgestion or to 1 decreased exeretion, famlitate the obtainment of
hypertension This happens mn the following circumstances
1 Umnilateral nephrectomy (Selye, 1948), which mn a way dimmshes
the capacity of the hadney for excreting sodium
2 The presence of renal lesions
a Toxic nephnstis (Knowlton et al 1946)
b Experimental permephntis (Braun Menendez and Martinez,
1949)
¢ Lxpenimental diabetes (Braun Menendez and Martinez, 1919)
d Human essential by pertension (Perera and Blood, 1948)
3 The admimstration of sodum chloride or other sodum salts with
the drinhing flmd (Selye et ol 1935, Selve and Stone, 1948, etc)
Furthermore, the ndmimstration of great amounts of sodum chlo
ride causes an ncrense 1 the extracellular flud, and 1o the rat (Sapir
stemn et @l 1950) and the chich (Lenel et al 1948) may cause hyper
tension

S g, the ad tration of desoxycorticosterone together
with sodwim salts causes hypertension accompanted by renal lesions
and an increase mn the extracellular find Both these changes vers
probably play a role 1n the causation of hypertension
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In reply to Dr Goldblatt I should like to say that the rat lends
steelf much better than other ammals to the production of the ‘endo-
cnne hidney  This may be due to the fact that the rat hidney has
only one pvramud and hence 1s supplied by a very simple tvpe of renal
crrculation In ammals having several renal pyramds the constriction
of the mam renal artery 1s very difficult to gauge exaclly m such a
manner as to give vou the desired decrease 1 intrarenal blood pres
sure throughout the organ It 1 a5 a result of this that infarcts form

more readly m the dog than in the rat when this operation 1s per
formed
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mdeed the agents i question are of primary importance o the patho
genesis of hypertension

Tmust say that we have not tested the effect specfically of our diet
I should not be at all surpnsed if the character of the remamder of
the dict had determmed what the results were and I rather surmise
that the high potassium content of the horse meat may have had some
protective effect These observations cause me to rasse a word of
caution concerning the interpretation of the observations made on
apimals with renal mpairment

DR FLEXIOUS T BELL I am puzzled by the structure of the endocrine
ludney which Dr Selye showed us ¥ understood hum to say that ke
produced this by a modification of the Goldblatt technique The kid
neys which I have studied, which were prepared by the Goldblatt
method, showed atrophy of the tubules when the constriction was too
severe They showed a structure quite different from Dr Selye’s endo
crinte hidnes I wonder sf Dr Goldblatt would comment on this

DR HARRY corpBLATT I have seen sections of kidneys from Dr
Selve ¢ rats and I my self have produced the so called endocrine hidney
by a reduction of the blood flow to a rat s hidney even without tymng
the ureter The typrcal prcture of the endocrine kidney 15 the result

of a bination of two pr , namely, atrophy and regeneration
induced by 1schemia In the dog the atrophy 1s usually the dominant
change

prR seLYE With reference to the problem ramsed by Dr Braun
Menendez I should Iike to say that an increased production of remn
may well play & role m the pressor responses obtamed with DCA m
ammals

The question of the resistance of dogs raised by Dr Visscher 1
particularly ymportant It 1s our mpression on the basis of expen
ments carried out n our Institute that adult dogs are much more
resistant than young ones In undaterslls nephrectomized s oung dogs
kept on 1 per cent sodium chlonde mstead of drinking water, we have
been able to produce renal changes as well as hypertension quite
regularly, but adult anmals are less responsive In any event it 3
important to realize that a number of other specres such as the fowl,
mouse cat hamster and gumea pig lend themselves very well to the
praduction of nephroscleross and hypertensien by DCA Fyen in man
this sterord has been proved to raise the blood pressure and here—~as
1n anmmals— pressor responses are much more readily obtamed if there
1s a pre euistent condrtion of renal damage
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ous pathways the broken Imes humoral agents (Hepro-
duced by permission of the copyrni ht owner from
SNscherson Am J VMed 8 313 1919)

to such cortical stimulation has been shown to be accompanied by a
decrease 1n the renal blood flow renal cortical ischemia (11) and a
release of renm 1oto the blood stream (12) Al o 1n both 1mmnls (13
14) and man (15) hypertension may result from an mereascd yntra
cramal pressure at least n part because of the resultant cerchral
1 chemia (13 15 16) Studies on generalized cerebral 1schemia mds
cate that it must be severe to evoke 1 pressor response after efimin
tion of the carotid receptor areas (17 38) However httl 1s known
regarding the effects of localized areas of ischerma An additional
factor mereasing the activity of the vasomotor eenters and their sens1
ity to reflex stiunuli 13 a decreased pH of the Wlood such as may be
mduced by the accumulation of lactic acid or ea
This factor has recened onlv hirmited attention

Neurogy renal 1 15 0ot g major factor 1n most
cases of ncurogeme hy pertension Ren

al denervation nduces Lytle fa
m pressure (20 21) and prior nephrectomy fais to alter the acute

Pressor response to moderator nerve section (22) However reflex
renal vasoconstriction may produce a sustained hy pertension pfter the
svrapathenie inpervation of other bods structures has been mierrupted
urgieally (23 24) and electncal simulation of the svmpathetic
Rerves to the kidney produces « similar effect (25)

A vanety of chmecal observations indicate that neurogenic factors

thon dioxide (18 19)




* . by MARK NICKRERSOM

Sympatho-Adienal Factors m Hypeitension

Waey neusogenic factors n hy pertension are discussed, the role of
the svmpatho adrenal sy stem ts the center of attention Somatie motor
nerves max affeet the blood pressure and peripheral blood flow by
altering the sheletal muscle tone, and cholinergic portions of the
Autonomic system may produce similar effects by altenng the smooth
muscle tone (e g, gastromtestinal tract) and by lted duect vaso
ilatation (ey,, blush area) However, these effects are mugmficant
in comparison with the results of the nctivation of the svmpatho
adrenal system, which includes most svipathetic nerve fibers and the
adrenal medulla Tlns functional diviston of the nervous system dif
fers from all others in that it stimulates eff cells by an
(epiephrine hhke) chemical mediator Whether tins mediator 1o epine
phinae, norepinephrine or a mixture of the two s unimportant for the
present discussion

The sympatho adrenal system and 1ts afferent conmections par
ticularly from the carotid smuy and aortic arch (Ihg 1) are contwu
ously mvolved m the muntenance of circulatory homeostasis «hether
1t be at a normal or chromeally elevatcd level of pressure This control
wvolves the heart the large and particularly the smail artenes the
capillaties, or at feast the precapillary sphincters and the vens

Under normal conditions the afferent pathways carry tome impulses
which depress the activity of the 1 1somotor centers and consequentis
mhibit the sympitho adrennd system s a result the section of the
affcrent fibers (moderator nerves) in ammals (1 2) and man (s)
induces an smmediate and persistent elevation of the blood pressure
In addition the pressor actimity of the sympatho sdrenal system mas
arise on & central basis s m ‘dienceplahic eplepsy  (#) or dhen
cephahe hypertension® (5), 1n tabes dorsahs (6), and w tumors of the
fourth ventricle (7) In ammals hypertension has been wnduced by
elecirieal stmulation of or myury to the hypothelamus (8, 9) and by
the stumulation of certain corbical areas (38} The pressor response

150
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In spite of the obious dis wfants betseen human ebsse;\;m\‘ ‘:{r::s
\envion znd neurogeme by pertension 3 carelul aalsas of the ¢
\mportant 2 a basis for the mtelhgent Teco,mbion or eschusion o
ne\(x)rogen;cé:a:t?n m thnnn hep‘fﬂ%‘m“"‘:b‘ of uncompheated neuro

e %

Eem‘:: h:'pulensmu 15 1ts dramatie respon e to symp ithectomy a“i “;
chemcal blackade of the sempatho adrenal sy tem Faravertcbra
sympathectoms performed on ammals with neurogeme hypertension
cesults 1n an immediate reduction 1n the blood pressure to norml or
to subnormal fevels with a gradual return to normotensive or shphtly
Tugher levels over a period of months or even years {20 21, 21} In
addion xaoderstor nerve section b pothatamme stimulation or 1w
creased mtsacransal pressute usually fuls to merease the blood pres
sure 1o sympathectomized ammnls of any fise1s ehicited 1t 35 relabrvehs
shight and develops slowly (8 21 24 30)

Dogs with neuro,ene hypertension adpumistered adequate doses of

g benzod dazol or Dib y
respand with a lowering of the blood pressure to the normal range
{7 8 31 32 33 34) A central mhibion of vasomotor actinity as
well as adeenerge blockade 1s nndoubtedly myolied in the re ponse
to and to the 1 d {35) However the action of
Dibenamue and 3ts congeners :s probably a specific inhibition of ex
citatory responses to adrenergic stmub (3> 36 87)

In contrast to neurogemc hipertension the role of svmpstho
adrenat factors 1 evpenmental renal hypertension 1s obscure The
sequence of events by wheh the wterferente with renal hemody nammes
feads to an elevation of the svstemic blood pressuze has heen care
fully studied and has Leen shown to operate ndependently of nervous
mechamsms However tudies savolving the blockade of sympathetic
pathways with spimal anesthetics and the mduetion of ‘asoddatation
by mflammatory processes have demonstrated a component of dy
name renal vascular m both exp 1 renal hyper
tension and essential hypertension (38 39)

Sympathectomv doe not prevent the developraent of renal hyper
tension and wduces only shght and stregular reductions m pressure
tn renal hypertensive anmals (40 41 42 43) Sumlarly, 2 prolonged
admimstration of adrenergic blocking agents mnduces only 2 lmmted
and Inghly varable reduction wm the systemic artental pressure jn
Enmuls with nephrogeme hipertension This has been observed nft:zr
o ol doss (), s i

and the mtravenoug admumstration

ery
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n some way influcnce the deselopment and course of essentia) hyper
tension It has long been recogmized that stresstul situations may rase
both the sy stolic and diastolic pressures (26 27), an effect whch may
persist for varying peniods after the termmtion of the o vternal shmy
lus (28) and which may be associated with a considerable decrease
mn the renal blood flow (26) In addition, hy pertensise people tend to
have a charwctenstie type of personality They uwsualhy eviubat m
portant components of repressed antagomsm and anxiets They do
not find emational outlets 10 overt acts, but nstead thewr emations
are expressed through an mereased activity of the sympatho adrepa}
system with a consequent merease 1n the blood pressure The rehief of
psychic tension frequentdy produces safutary effects m these patient
In spite of the multiple theoretical and empsrical reasons for m

plicating the svmpatho adrenal svstem in the etiology of hs pertension
1t 1s clear that estabhshed human essential hypertension 1s not pn
mardly neurogeme m nature Table 1 ilustrates the fact that the
hemody namic changes i neurogenic and essential hypertension are
completely different Yiith the exception of the response to adrenergic
blockade the nfusion of norepmephrine does produce a prcture quie
comparable to thit observed m essential hypertension (20) How

ever, the ctsologieal sigmficance of this sumfantsy 15 questionable Hs

pertension with these same characterssties may be mduced by the
infusion of anv agent e g vanous synthetic sympathommmetic anunes
or hyvpertensin, producng 1 generafized peripheral vasoconstriction
which predominates over cardiac acceleration

Taste 1 Charactenstics of Yarious Types of Hypertension

Hechomsm Essentiat Renol Neuropenc Epmephrme } Horepinegbeine
Hyperiension |Hypertension | Hypertension intusion Infusion
indices
Patse Rote N N 1 4 tor §
N or
Cordiac Output | N N 4 t }
[Total Pectpheral { f N } H
Resistance
Blood Flow m
Extremibes N N f ’ 3
Blond Pressure|Marked Eady | Lundted Morked Controlled | CTontrofied
Fluctyctons  Jlumited Late
E":::sp’:’n?:‘;;’ ‘é‘?,’,‘?,?"; ? anm‘ 7§ § towormat ‘ to Normal| ‘ to Normof
Adren Blockode!

N Normgl  mereosed | Deereoses
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(o swmpatbectomy and adenergie blochade  Although the 1;:\;70“':‘11
sesults vary widely 20 per cent would seem to be 2 redsonable ‘es '
mate of the pabents whose blood pressure 13 reduced to normal by
either sympathectomy or chemical blochade
The fallure of adrenergic blockade consistently to reduce the pres
sure 1n escentral Iy pertension canpot be explamed on the bass that
rather than #pinept mat be myolved m the proc
e (29) Dibenasune and its congeuers Hlock excitatory respouses to
epwephrwe and norepinephrine 1o almost exactly the same extent
(57) The falure of such agents consistently to lower the blood pres
sure 1 renal and essential hypertenston appears effectinely to rule
out any sympathomimetic mediator as a primary etiological factor
The observations discussed above indicate that svmpatho adrenst
Lactors sre of very himited m renal hypert and that
veytogere hypertension 1 which such factors are of primary 1m
portance bears fittle resemblance to human essential hypertension
However as mentioned above a vanety of climeal obseryvations sug
ge t that pearogeme factors m some way influence the development
and course of essential hypertension On the basis of present Loow}
edge the most ble postulate to le the undoubied mfw
ence of the sympatho-adrenal system upon human essential hyper
tension with the fact that the established elesation of orevan »
«

v uoa aypuitedsion Lvis possible that emohionally nutiated
sympatho adrenal astivity ma) comse repeated episodes of renal vaco
constriction 1schemyia  and hypertension which finafly Jead to the
disefoptent of local changes capable of permanently altering the
renal hemodynamics or yenal metaboke activity The experimental
Yasts fot such a conclusion 1s a3 vet weomplete but certain poimts of
evidence are of mierest in this connechon

Yam worhers have noted a persistence of hypertension after the

remosval of 1 single 1schemue hadney (58 59 60 61) I
has frequently been observed that b ), ddmon 1

ertension 1n,

renal artery or parenchyma cumpre‘j;{; ™ay mdﬁcg g:igm‘l‘ml:“e:a‘
m the vessels of the contralateral hidney i both man (62) amlcl '-»;:;u“«%
tors ammals (54 61 63 64) Indeed st appears that vascula n
thology i the contralateral Lidney may 50 alter 1ts hemods sy
metabolic actwity that 1t becomes capable of memtaom \:ﬂ:‘t! o
tension after surgical removal of the hidney imtially u\‘g \ R
interpretation 15 strengthened by the observation that !h:ﬁp::!ul':: "

e
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of Dibenamine to dogs (46) In nonc of these studies mvolving the
chronic admimstrition of idrenergie blockhing agents were the pres
sures consistently reduced to the normotensive range

Single mnjections of 883F and 9331 have httle or no depressor action
m either normal dogs or ammais with chronic renal hypertension (31,
47) However, 1t has been reported that single mjections of pento-
barbital, yohimbine, and $85T, but not 933F, produce a greater de
pressor response in renal hy pertensive rats which have had an efevated
pressure for more than 2 months than i those with a shorter dura
tion of hy pertension (48 49) On this basis 1t bas been suggested that
neurogentc {actors are of importance m late but not 1 early renal
hypertension (48, 49, 50) However, this effect of the duralion of
renal hypertension on the response to agents decreasing s3 mpatho
adrenal 1ctivity was not observed with the more effective adrenergic
bloching agent Dibenamine n rats (45) or with Dibenamine and
various anesthetics in dogs (51)

Other evidence which has been adduced to support the sigmficance
of nenrogenic factors mn renal hypertension 1s the cbservation that the
artenal pressures of normal and renal hypertensive dogs and rabhits
are reduced to essentially the same fevel after acute complete destruc
tion of the central nervous system (52 538) However an mterpreta
tion of the results obtamed with this drastic procedure 15 difficult
The elimmntion of the central connections of the sympathetics by
cervical cord section in the region of C; reduces the pressures of early
and late neurogenic hypertensive dogs cven below those of normale
Under the same conditions the pressures of renal hy pertensive anmals
are mamtamed sigmficantly above those of normals (54) Other
worhers have observed a sharp fall 1 pressure when the spinal cord
was destroyed below Cs m renal hypertensive dogs, but the pressures
returned to hypertensive levels as the rcute effects of the operation
wore off (55) In addition chrome destruction of the spmal cord
below Cs does not prevent the subsequent development of a typical
chrome renal hypertension (56) It appears that the less acute the
traumn snvolved m the surgieal ehmmation of the sympathetic nert
ous system m ammals with nephrogenic hvpertension, the less the
effect of the procedure on the blood pressure Indeed 1t must be con
cluded that present evidence does not pomnt to the development of a
sigmficant neurogeme component m the Inter stages of nephrogenic
hypertension

In general human eysential by pertension resembles renal hyperten
s1on more closely than 1t does neurogenic hypertension in tts response
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One may speculate that dunng the early stages of the deselopment
of hypertension the ndividual 15 subjected 1o yepeated episodes of
increased systeme pressure and renal vasoconstriction on & pureds
neurogemie (psychic) basis and that over 1 pertod of years he mag
secondandy develop orgame renal vaseular chasges of {functional altera
tions adequate to sustain a relatndv stable hvpertension ‘The mecha
msms by which the hidney mav perpetunte the T pertension as well as
the questions of whether and to what extent non neurogemic ¢xtra
renal factors may partieipate sn the process are pomnts beyond the
scope of this paper However the sequence of events outhined above
would explam the lability of earls and the stabality of Iate essential
hypertepsion the absence of orgamie \ascular lesions in some par
ticulasly earls cases sud the umform bilateral distnbution of renal
vascular changes as well as the obsetved correlation between psychic
and syrapatho adrenal factors and the final development of a largels
non neurogenic hypertension

Summary
Neurogenic hypertension differs marhedly from human essential hs
pertension both 10 its hemodsnamve charactenstics and 1 1t re

sponse to sympathectomy and adrenergie blockade In man euly
hypertension due to pheoch toma d nt; pres

suré or other central yervous system patholomy e he da £73

my @ uu W e develapment and course of
essential hypertension Evidence 15 presented suggestmg that neuro
gente factars may be of 1mportance 1n the early labile phases of essen
tm: h?mens;ondand that the eflects of this esrly sympatho adrena]
acthily may lead fo a persistent self perpetuated hype

baps nephrogenic 10 later kife spestenson per
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of hy pertenston 1s well correlated with the degree of vascular pathologt
1 the unoperated hidnes (61), and by the fact that releasing the
renal artery constriction 1 umlaterally nephrectorzed animals al
ways causes the pressure to fall, although under comparable condi
tions except for the presence of the other hidney the pressure 15 fre
quently sustaned after such release (65)

A similar sequence of renal vascular changes has not been demon
strated o0 with g hypertension Indeed the vas
culrr pathology noted m cases of pheochromocytoma (60, 67 63) and
m animals with neurogentc hypertension from moderator nerve sec
tion (7), hypothalamic injury (D), or mncreased ntracranal pressure
(69) 1s less marked than n cases of renal or essential hypertension
However, highly suggestive evidence for the development of persistent
hy pertension on the basis of mtermittent neurogente vasoconstriction
1s found 1n observations on rats subjected to repeated audiogeme
seaizures (70, 71, 72) In these studies the blood pressures of young
control and stimulated rats were found to be essentially the same
but it was noted that a large percentage of the expermmental ammals
became hypertensive after they were 1 year of age Hypertension was
noted particularly among those animals which had consistently re
sponded vigorously to the stimult It s of mterest that these responses
to auditory stumult are characterized by a marked sympatho adrenal
discharge including mydriasis, plloerection ete (73) Althongh the
blood pressure was not determmed during or rmmediitely after the
convulsive responses, it 15 reasonable to assume that 2 temporary
elevation accompimed each reaction Presumptive evidence for the
occurrence of a similar process m human bemgs 1s found mn the con
version of Intermittent to persistent hvpertension mn some cases of
pheochromocy toma and mn the occastonal persistence of hy pertension
after removal of the offending tumor (66 68 74)

It 15 quite possible that an etiological rela hip exists between
essenttal hypertension and neurogenie pressor eptsodes 1n man HMyper
tensive persons have been shown repeatedly to have a more vigorous
pressor response to psychic and physical shmuli than normotensives
(75, 76) and 1t appears that subjects with even mfrequent rises m
pressure (76 77 78) or with a hy peractive cold pressor response (' 79)
are more prone than the average to develop hypertension in later life
(cf 80) The role of sympatho adrenal factors mn this sequence of
events 1s mdicated by the fact that the assouation of transient eps
sodes of tachy cardia with transient hvpertension 15 parficularly hihels
to presage the development of a sustamed pressure elevation (78)
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mevs of amy of the anymals except those o & fuch mechmeal m\er:e;‘
ence with the blood fow had occurred as a result of the placemen
bloch

mi,iu:::;::;::smf enm.L 1 believe that emotional disturbances agera
yatea pre emstmg hypertension bt Twonder Dr \ickerson whether
the emotional mstabibis of the fypertensine person 15 not an effect
of the hvpertensive state rather than the cause of 1t

or iceersoy 1 will turn first to Dr Bells question It 1> one
which cpnnot be answered with any assurance st the present tume I
thuh the best evidence and 1t 1s far from conelusive that a more or
less phesiological ntermittent hypertension mav predisposc o pet
sitent hypértension 15 found in the observations of Hines and b
as geiates which have been substantiated by Levy White and ther
o norkers 1n Boston and by others These warkers hate <hown that
persans with transient rises 1 blood pressure and particularly those
with an itermittent tach dia sndicating sympatho adrenal h3 per
activity are prone to develop a persistent hypertension However
these studies only demonstrate a correlation They admuttedly do not
prove a cause and effect relabionship

‘The mgenious expeniments of Drs Rubiceh hotthe and “Visscher
have an objective sumlar to that of experiments now n progress im
aut own laboratery They have praduced prolonged P
mediated renal vasoconstniction by electrieal stmulation while we
hare attempted to do the same thing reflesly by section of the
moderator perves from the carotid smuses and the sortic arch As yet
veither of us has siccecded m producing a hvpertenston which sigmfi
enthy outlasts the penod of sympathetic hyperactivity However the
duration and other features of these expenments are such that the
present negatne results certanly do not exclude the posssbibty of pro
duemng such a persistent hypertepsian

L do not beheve that the absence of pathologieal changes in the
fudners of anmmals sub d to prol d periods of of
:‘:\x:‘;l sympathetic nerve supple precludes the possibiitv of an

pressure per se producing alterations 1 hidnes function or
worphalogy It 15 well known that 1n cases of hypertension due to
e e s e i e
fact that the mechan?cg‘: ccns;nn ily s 1 precumally due to the
from the Qeletenous effects of {hec\ ey oty the gperated orsan
nerensed pressure It 1s wte

wble that the renal vasoconstriction indiced by s‘mpﬂthgt pas
stanadation mav porform a sumilar protectise function o mene

Lot
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DR WILLIAM RUBICER (MINwEAPOLis) We have been downg <ome
expeniments to irv to elucidate the role of the svmpathetic nervous
system mn hy pertension

The general attack on this problem was to produce sympathete
nerve hyperactivity by dectneal shmulabon and to determine the
effects an the kadney s and s3 stemic exrcylation

‘We used well tramed dogs with a van Leersum carotid loop for blood
pressure determmations Bilateral umpolar electrodes were applied to
erther the renal arteres and associated nerves or to the splanchme
nerves below the diaphragm or the sympathetic nerves above the
diaphrigm We measured the renal gireulation bv the clearance of
para arnohippurate to determme the renal plasma flow and creatinine
for the glomerular filtrition rate

Imtially  electricnl stimulathion produced either no change or a
decrease m the rena) crreulation  After 48 hours or more of hvper
tension the renal cireulabion was found to be normal In some expen
ments the renal blood flow was greatly reduced by damage to the
renal artery In these eases an eleyation n the artenal blood pressure
ard not occur which confirms the observahions of other investigators
that severe mmpairment of the renal eirculation 1s not accompanied by
hypertension Sumulation accompaned by an elevated artenal blood
pressure for as long as 45 days did not result o sustamed hyper
tenstan following the cessation of stimulation There 1s evidence that
the carotid smus aorhic arch reflex can adapt to an elevated artersal
bload pressure s ndicated by an incressed pulse rate when the
artenal bloed fell toward normal upon the cessation of stimulitson

bR MAURICE B visscHER Dr Kubjeeh did not cover one pomt
brought up earher I refer to the histology of the hidneys m the am
mals that had been subjected to up to 6 months of continuous stimula
tion m 2 or 3 periods

There were na pathological changes of ant consequence u the hid
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E\pemneutal Hypertennon

Tap title of thys lecture 1, Mghly presumptuous “obody could pos
otbly summartze 5o the relatnehy short space of an bour alt of shat we
Laow and of what we do not hnow about expenmental hypertension
ffynertension 1s today one of the deadhest enermies of mankind gnd
10 the eagernes to fight with better arms this human disease numerous
research Sorhtrs all over the world have tyed to reprodure 1t in
atumas 10 order to obtaim 2 better understanding of its
9 he mere coumeration of the different methods ewploged of the tvpe
of hypertenston obtamed and of the hypotheses formulated by the
105t outstanding My estigators 1 this field would be surely boring and
perhaps useless As alecturer I should try to avoid these two dangerous
reefs For this reason I will only make a general survey of the prob
Yt of espenmental by perten ton

Vas 1 add that I am not parhicalasdy fitted for presentsng an yn

buased seview of the subject Perhaps 1 am too near the trees 4o con
the forest T

10 order to
that you m

§ o U Uvelodt and Your hypatheses on enter
g the Iaboratorv 1 hall try to amalyze the present situation with
out tettig my own theones interfere but T hnow 1n advance that I
shall not be able to do so Clande Berna ¢ and my atdience Wil o
cuseme after all the Jecture room 15 not the Jeboratory

Expermental hypertension may be chass fed mnto three groups on
the bas of the prmary ause of the mse 1 the blgod Plesgute
tenad Ty 0gen & NFp n and b

ten 1on hyper

Expernmental Renal Hypertension
OF 2t the methods desrsed 29 obtam e
xpetimental hyper
fone reproduces more exacth human hyrertensian than y(“:\\;t:\‘a;ti
method In 1634 Goldblatt and )y 5 e workers produced chranie b mer
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The readjustment of pressure regulating reflexes dunng » prolonged
peniod of pressure elesation 1s an important and mteresting factor m
any study of hypertension Prinzmetal and Wilson, Pichenng, and
many other worhers have demonstrated that the penpheril vaso
motor tone 15 not sigmficantly altered in essential and renal hyper
tension, although neute pressure elevations of 1 comparable magmtude
my hrgely elmmunate neurogeme vasoconstriction The data which
Dr hubiceh has just presented ndicate that an adjustment of the
regulatory mechamsms to a new level may occur within 20 hours

Tinally I believe that the data of Dr Kubicel and his issociates
pont to 1 necessary modification 1 our thinking about renal function
tests They have shown that when the sumpathetic nerves to the ad
neys are stimulated the renal blood flow 15 decreased and the systeme
artenal pressure 15 elevated presumably a cause and effect relation
stip However, dunng continued stimulation the rennl crculation
s determmed by conventional clearince methods, returns to normal
although the pressure remuns elevated This strongly suggests that
the perve stimulabion has continued to evoke renal circulatory changes
which are important to the mamtenance of the hypertension but are
not amenable to measurement by the techniques employed These
obsersations appear seriously to question the vahdits of excluding
rennl factors m cases of cssential hupertencion simply because the
renal clearance v 1lues are normal
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Hypertensin 1s destroy ed o nactivated presumably by tht; proteo
1yt action of enzymes present the biood and estracts of organs
These enzymes or groups of enzymes are termed hypertensinase

Lélorr et ol 1n 1930 devised 2 method of estimating the remn 1
the blood By means of this method remin was found 1n the blood of
dogs 1 the mbial phase of renal bypertension (Dell Oro and Braun
“enendez 1942 Haynes and Dexter 1947) m shock. (Hwdobro and
Braun Menendez 1942) and i acute hemorhagic hy potension
(Hwidobro and Braun Menendez 1942) and 1t was found 1n the blood
of human bewngs dunng acute glomerulonephntis the toxemu of
pregnancy and shock (Dexter and Haynes 1944)

These findings which I have presented 1 a very schematic and
abndged form seemed 1m 1942 to explain the pathogenesis of espen
mental renal hypertension and many hoped that they would be ult
mately applied to the cure of human hypertension But the imbial
enthusiasm rapidly declined when the multiple therapeutic possibilities
suggested by the renm hypertensin system were tested and one after
the other faled The unfulfiliment of these exaggerated hopes brought
about unjustly the diseredit of a hypothesis that has not yet been
thoroughly studied m many of + # »d maw - -
about the formation of renin
of its hberation the mechan
factors which may ntrease or decrease 1ts action

The first blow to the remn hypertensin theory of hypertension was
the fact that renm conld not be found with the methods then avatl
able i the blood of dogs with chrome renal hypertension

Remn had been demonstrated 1n the renal venous blood and 1 the

systemuc blood of ammals with renal hypertension dunng the scute
phase of hy It had been d

d during the first days
following ischemia especially when the econstriction of the astamm

bus  uonepimus the toxemia of pregnan
But 1n animals with chrome bypertension with or wnho?xt Eemlq&
sufficiency as well as i patients with essential or malignant hyper
tension the results employimg the method of Lelor et ol for detect
ing renn were umformly negative (Braun Meny

Dexter and Hasnes 1044) ¢ Nenendes et ol 1043

A possible interpret ition of these ne
egative finds
method of Lelowr and his assocrates wg et be hat the

as not sens:
woihute amounts of 7e01m m the blood Facony tive enough to detect

lo and Taqum; developed



162 A Symposium on ¥ pertension

tension m the dog by partial compression of the renal artery with a
metal clamp This hypertension 1s not necessarily accompamed by
renal exeretory wsufheiency, it 1s stable and associated with a normal
heart rate and penphery vasoconstriction The epoch mahing dus
covery of Goldblatt confirmed the relation of the hidnes to hvper
tenston, which lind been envisioned by Bright and, after hum, by man
other workers Dver since, all those who have studied chmeal or ex
pertmental hy pertension have had to rechon with this organ as a very
important factor 1 the cham of events

The present trend of the investigations related to the problem of
renal xperimental hypertension can best be shown by the exposttion
of the primcipal working hyvpotheses which try to explain its mech
ansm

THE RENIN HIPOTHESIS

According to the remn hypothests arteral hypertension 1 due to
renal 1scherma, which determines the hiberation of remin mto the blood,
with the subsequent formation of hy pertensm

Houssy and Tasciolo (1937) showed that the wschemic hidney
Iiberates mnto the blood 2 vasoconstrictor and pressor substince Two
years later Broun Menendez Fasciolo Lelor and Munoz (1939
1940) 1solated from the renal venous blood of 1schemic hidness the
subst ince responsible for this action and called it hypertensin Thev
also found that hypcrtensin could be formed in vifro by the mter
achion of remnt (a protemn found 1n extracts of renal cortex hy Tiger
sted and von Bergmann 1898) with hypertensinogen which 13 a
blood glebuhn Simultaneously from a different approach Kohlstaedt
et al (1940), who were studyving the vasoconstnictor action of crude
preparations of remn, found that on punficabion remin lost its 150
constrictor properties, which could be restored by mixmng it with a
fraction of plasma Later Page and Helmer (1910) found that by this
mixture a new vasoconstrictor and pressor substance was liberated
which thev ealled angrotomn

Hypertensin or angotonn 1s a polypeptide which has a molecular
weight of about 2 700 and which 1s thermostable and diatyzable 1 cort
trast to 1ts mother substances renin and hspertensinogen which are
thermolabile and non dinlvzable

It 15 gencrally accepted that renm 1s an enzvme which eatalsyzes
the reaction Iy pertenstnagen ~> Hyvpertensm + 1 As hypertensin
represents only a small fraction (about 1/100) of the bypertensinogen
molecule, other products must be formed n the reaction
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found sn these hissues {#) A fourth possibifity which should be Lept
1 gomnd and whch has Dot been sufsently explored owng to techns
oot diffiesities 15 that m chroute hypertension rem could act on
hypertenswogen withis the hidney and hypertensin 1stead of remn
be [iberated into the renal venous blood If this 1s the case e must
assume that the achwity of remn within the kadney 18 ephaneed by
rena) ischena and that the coneentration of hyperteasit 1 the blood
15 yneseased

Very httle 1s known of the changes 1n the activity or concentration
of yemn 1 the hidneys Some imterestng work has been done by
Taqum and Fasaclo (1049) i this respect They Tave devised 2
mmethod for the estrmation of renm 1 small samples of senal tissue and
studied the vanation 1 the ren content of the renal cortet m dif
ferent expenimental conditions

Tn order to localize the site where remn 3s stored or formed they
ook small pieces of tissue from the rena) cortex i drfferent species
Reun 35 masaly contamed 1 the postion of the cortes which hies be-
{ow the renal capsule to 2 depth of 2 mm or more a zone whach 1o the
dog 1s formed exclusively by convoluted tubules These results show
as previously pointed out by Friedman and haplan (1942 1943} that
Tenin 15 formed 1n the tubules and that the justaglomerular apparatus
appears nat to be cancerned with remin formation The renmn content
of the kidney presents wdvidual vanations but m the same snima}
18 strikingly sumidar 10 both kidneys and 1w the same kadney 1n dif
ferent regions This may be an ndication that the remn content of the
badney <an be 1nft 4 by bokhe o7 b Y factors

Partial 1schemua cavses a 100 per cent werease 1 he vemn content
of the Lidney n 10~80 mumutes Anoma by the respiration of poor
oxygen mixtures did not incrense the remn content of the hidney
Compfete schema causes also an ncrease when the renal pedicle 15
ghmped But no merease was found when the idney was removed
Some experimental findings seem to show that stumulation of the rennl

te;xn €S Mas cau e an merease in the rewin concentration within the
1doey

We have also confirmed m the 1
t the curous fact observed by
:‘v'akaxlm 10 the dog that after umlateral nephrectomy the remn con
ent of the remaimng hidney 1s sometumes very low
Al these studies ing h

Tonm wuthin the fadney shnuld!g: extnied g peten o
open 2 new field of research ended and perfected as they
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m 1947 a method 200 times greater i sensttivity The method 15
based on the same principle, ez the formation of hypertensin by the
tncubation of remmn contammng blood with hy pertensimogen 1 the
absence of hy pertensinase, but st duffers in that the amount of hyper
tensm formed 15 estimated by its vasoconstrictor action on the per
fused hind hmbs of the toad mstead of bemg tested by its pressor
action on the dog or cat With this farly reliable method, no renm
Iike substance 1s found mn the blood of nephrectormzed amimals and
quite small umounts of remmn mgected 1nto the blood of these wmmals
can be easily detected On the other hand small amounts of renm
were found m dogs (Taguuu and Tasciolo 1947) and rats (Braun
Menendez et ol 1947) and m men (Taqum and Fasciolo 1947y with
normal blood pressure but no increase in remmn concentration could
be detected m the blood of ammals or subjects with chiromc hyper
tension According to these results and wccepting thuis method of renm
estimation s reliable, one should conclude that chrome renal expen
mental or human hx pertension 1s not due to an mereased concentra
tion of renun m the blood The results of Gollan et al (1948) seem
to contradict this affirmation since they were able to find an
creased formation of bypertensin i mcubated blood from dogs with
experimental renal by pertension

But even 1if an weresed concentration of remmn is not present m
the blood 1 chronic hypertensnes one cannot exclude the participa
tion of remin m the process Other possible ways by which remn mght
play & role in the pathogenesis should first be escluded (1) The n
creased secretion of remmn mas cease when the blood pressure mses
sufficiently to improve the crculatory conditions of the ischeme
lidney A new equilibrium would be reached at a higher level of the
blood pressure (2) In the hypertensive wndwidual the organism may
be sensmitized to the pressor action of hypertensin The fact that the
mjection of a grven amount of hypertensin does not cause a greater
rise 1w the blood pressure 1 hypertensive than m normal anumals
does not exclude this posstbility  the 1mtial blood pressure Jevel is
different and I should be inchned to accept that for equal sensitivety
the higher the mtial level the smaller should be the rie caused by
the vasoconstrictor substance (3) Remn could be adsorbed imn the
wall of the arterioles and produce 1ts action by the formation of
hvpertensm 1 situ This possibility has recened some support from
the recent work of Introzzi et al (1949) who found remn n the heart
and hiver of shoched dogs If previoushy nephrectomuzed no remmn was
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postant and T have always wondeted why mobody has yet tned to
repeat them Inspite of the enormous amount of work they hasve done
manv problems have not been solved and among these Yd\e most 1m
portant to e 13 the concentration and fractionation of VENM i order
to Wentfy this prmerple and differentiate 1t from other hrown yaso
achive substances

4 An apparently new preswor prneiple of renal ongn has been
demonstrated 1n the blood of antuals after prolonged penods of hvpo
teuston (Stupley and Helmer 1947) Thus principle caused a sustained
elvation m the blood pressure {of from 1 to + hours duralion) when
rapected mtrasenously wmto cats dogs or Tats the Ladneys of which
had been removed 648 hours before This prmcple 15 contamed 1n
renal extracts together with remn Its differentiation from the latter
Bas not yet been clearly achieved Perbaps 1t 15 only remn plus some
thing or mimus something 1 remewnber that m Houssay and Fasuiclo s
expenments in which an 1schemic kidney from a hypertensive ammal
was grafted mto the neck of 2 nephrectomized dog (for 2418 hours}
the nise i the blood pressure persisted sometimes for a long time
after the graft was removed Perhaps this was due teo the presence of
the sustamed pressor prineiple I think Drs Shipley and Helmer are
wise 1 postponing the baptism of this prinesple untll we are quite sure
that 1t 15 not disgmsed Tepm  After all what we call remn 13 rather
2 complex proten

4 Grollman (1946) believes that the lidney claborates some
Pamoral agent which regulates the blood pressure the absence of
which results 1 hypertension The evidence m favor of this hypoth
6218 seems to me wcanclusive But Grollman has the menit of having

emphasized that hypertension may occur i the absence of any renal
tssue 1n the orgamsm
5%

or pressor have lately heen de

10 the blood of hypertensive patients by Schroeder est al e( 124;(;“::3
by Croxatto and Munoz (1949) These two unidentified substances are
recent additions to a long lnt which was wtiated some 25 Fears zgo
The results obtzined by different workers using a sinular techur gue
have often been contradictory and mn spite of the enormous amac\lmt
of time and energy consumed n these mvestigations we are stilf

Vers uncertan position Neverth, th
those who hase obtamed postt

eless T am inchned to have fayth 1n
recoghtze that this ma;

ve results and I believe—thongh I

y be simply wishtud kg ~—that all v
: to find the approp, techmique and the « a‘-:nlt“ed
ponable for hvpertension wa be displaved Bt e
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To test the hy pothes:s that remm acts within the kidney and hiber
ates hypertensin mto the blood new methods should be devised for
the estimation of hypertensin The only methods at present are
biologrcal methods which measure the vasoconstrictor or pressor ac
tion of the mentioned substance But biological methods have a tre
mendous disadvantage for the assay of vasoconstrictor or pressor
subst inces m the blood, owing to the possible presence of other pre
formed substances or to the formation m witro of mew substsnces
with stmilar action Blood my contamn adrenaln, noradrenahn, tj ram
m, pitressin and perhaps other unknown vasoconstrictors and
serotomn, the serum sasoconstrictor, mayv be formed w1z wtro If re
hable chemtcal micro methods were devised for the recogmition of all
these substances, this problem would be more easily solved Perhaps
the procedures used for the pharmocological determmnation of mor
1drenm and adrenahn could be applied (Bulbrng, 1949)

In the present state of knowledge our final judgment as to the role
of the renmn hypertensin svstem 1 the pathogenesis of hyperiention
must be suspended

OTHER PRESSOR SUBSTANCES

The remn hypertensin system might not be the only pressor svs
tem which comes nto play n renal expermmental hypertension From
time to time new vasoactinve substances are described m the blood
of hypertenstve ammals ongnating in the kidney or elsewhere

1 According to Bing (1946) renal 1schema could cause a dimmnu
tron 1 the activity of hidney ammo oxidases, thus bringing about the
accumulation of pressor ammes m the blood This hypothess has some
interesting facts mn ats favor but has not been further explored

2 According to Shorr and his co workers (1947, 1948), VEM (vaso
excitor materal) formed n the cortical portion of the hidney m
anaerobie conditions and VDM (vasodepressor material) of hepatic
oriun which has been identified with ferritin are the components of
ah tic h which part tes 1n the regulstion of the
peripheral blood flow and the blood pressure In the mitial stages of
v pertension in the dog and the rat they found an increase m VEM
activity n the blood, but 1n the chrome phase of hypertension tne
reachion of the blood was nentral However by the use of procedures
which permutted the spectfic mactivation of VEM or VDM an m
creased concentration of both substances was revealed m the blood
of dogs and men with chromc bvpertension

The studses of Shorr, Zneifach and therr associates are sery mn
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mertal tenal hregertension In rats with <hort standimg hvpertension
the mjechion of sympatbicoly ie agents does not cou ¢ a great drop
the blood pressure while 1 chromeslly hypertensive rats \he Trovd
pressure fall to pormal levels Ogden believes that early hypertension
1 dependent upon & disturbed kidoey sud may be caused by a renst
humoral pressor mechamsm late bypertension re ponds to & neuto
geme mechamsm and could be denominated neurchypertenson of
rend) omgm That the nervous system 15 toncerned 1 the mante
uaace of hvgertension sfter the reaal phase 1s compieted has been
ferred from the fact that this Jate hupertension is abolished by nem
butal yobtmbme aind F 883 1n rats We repeated these experiments
some years ago using the same and other drugs but were not able 10
copfirm thex re ulty What we have confirmed 15 the great wndividual
sasiahdity of the responses to depressor drugs, a fact recentls emvha
sived bv Page and Taylor (1949)
Hut Ogden's bypothess though wot Grmiy established s a tenta
five explanation of s rest fact the existence of 2 appirently different
tages w nephrogemc hypertenon a fact which has mane other

sxperimental obsers ations 1n \ts favor and which has npt 328 rese 1o
sdequite explanation

Faperimental Neurogeme Hypertension
Hyp ¢ap be produced exp m anwmals by the
7em0va) of the pressor regulator system (the so™e and carabid stnus
tenves for bibliography see Braun Menendez o2 o 1846} This type
of hypests hoon 15 accomypatoed by La o dia and an meressed ear
diae otput 15 subject to great spontaneous varations grd 1s cured
bs total sympathectoms Its characterstics are thus qutte different

from those of renal txperimental b Pertension and chmcal essenpia
3} Pel
1! HE

h;("i;:::gh lhls\ stems to be 4 purely ror ous hypertension humerst
; may also play a rol A 1asoconstoctor substance has been
ound n the Wlood of rabbits and dogs made hypertensive b;

of the pressor vecentor netves {Jprd¢ o are see Bta\m\i b
et ol 1946) 1t would be imterey g to mesuate with é\“ﬂ\dez
wethods at our dispo o) the presence of 2 Mm'm: o
the blood of these ammals e nosadrenles s

There ate other mea)
central ongn the ity nsg et Mvperesion of

02 Lt
{Dwon and Heller 1032 Wellg 1{;; o of

pension of kaohn
+ e ) and the production of
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THE PARTICIPATION OF THE NERVOUS SYSTEM Ih
MEPHROGENIC Y PERTEVSION

In fact cvperimental renal hypertension 1s 1ccompanied by a gen
erahzed v asoconstriction, the mechamsn of which 15 humoral and due
with great probability to the presence of vasoconstrctor substances
w the blood

It has been demonstrated that this type of hypertension cannot be
prevented or abohished by renal depervation (Page 1935, Colln
1936, Vallery Radot et a! 1038}, by exasion of the splanchnic nertes
(Goldblatt et af 1937, Blaloct and Levy, 1937), by resection of the
fumbar sympathetic cliun (Introzzs et al 1038) by bilateral section
of the anteror herve roots from the Gth doysal to the 2d lumbar m
dusive (Goldblatt and Wartman, 1937), by complete rescctton of the
paravertebral ganglions (Heymans et of, 1957 Alpert et of, 1957
Treeman and Page, 1937), or even by destruction of the spinal eord
below the 5th cervical nerve (Glenn et af 1938, Glenn and Lasher
1938)

These results show that espermental rennl hyperiension is not
crused by a nervous refles anising 1 the hdney, but thyy do not ex
clude completely the participation of the nervous system

The nervous mechamsms which reguinte the blood pressure are stll
active 1o experimental renal hy pertension as well as m human essen
tial hypertension The humoral agent of hypertension whatever it
maj be must esert 1ts action agunst these powerful regulators or o ¢
influence the nearal mechamisms 1n such a way ns to set them at 2 new
level of sensitinaty (Heymans and Bouchaert 1939, Doch, 1940)

No wonder, then that proccdures such s general anesthesta (Moss
and Walkerhn, 1948), natura] sleep (hernodle et al 1946}, spmd
anesthesis (Taylor et al 1938) and pharmacological nervous block
(Ogden et al 1946, Moss and Wakerhn 1948) should eause = drop 1n
the blood pressure 1n hy pertensne men or ammnds It s noteworths
that the response of patients with essential hy pertension to high spinal
anesthesia 1 similar to that obtamed 1n dogs with renal expeqmental
hvpertension (Taglor et al 1948) This question T will not drecuss
farther The pomt I wish to make clear 15 that the nervous svstem
3s active 1 renal hypertension There 15 no reason why all the vaso
ronstrictor nerves should become paraly zed because a humoral agent
euses vasoconstriction and hy pertension

Ogden and hus co workers (1946) consider that m the rat appre
cuble differences exist between the ewly and Jate stages of expen
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uate changes lending to
tc hypertension but thev ma} also 1!

ﬁgroimbxypemnsmn Under the term hormonal hmx{\ex‘\;\o“ :be
chall review the possible mfluence on the blood pressure of other s
stances onginated m the glands of pterns) cecrehion

TRF ADREVAL GLANDS

Adrenalin and noradrenalin The secretson of adrenshn by the
adrenal medulla plays no mmportant Tole n the production or the
masmtenance of hypertension of renal ongin The removal of the
adrenal medulla does not interfere with the hypertensive action of
venal 1schemm (Goldlatt et af 1934 Fasnolo 1938 Page 1038)
and no increase 1n adrenalin secretion could be 4 ted m dogs
smade hypertensise by the constnction of the rensl artenes {Rogofl
et gl 1938}

At one time Vaquez s theory (1004) that hypertension sesults from
the d of adrenabn had mans adh This theory
w18 afterward abandoned 1n spite of the well recogmzed fact that some
tumors of the adrenal medulla are sssotiated with attacks of paroxys
mal hypertension Recently following the studies of von Euler, who
sdentified sympathim with noradrenalin new nterest has ansen i
this gland Noradrenahn has been found to be present in the adrenal
medulla {von Euler and Hamberg 1949) In the nommal gland the
refative amounts of ndrenalin ta noradrenahin were found to be about

4 1 m chromaffin tissue tumors the relation was wveree 1
PIRE RS

13

bl wuy 13 1L may cause a fall 1o the blood pres
sure Noridrenalin on the other hand 15 a powerful vasoconstrictor
and wereases the peripheral resistance causihg an mcrease \n the
blood pressure with ntle of any action upon the heart Hypertenane
subjects respond to the mjechian of noradrenalin with & greater nise
1 the blood pressure than normal subjects show Goldenberg suggests
that hypertension mav be due to a disturbed equilibrium between the
2 sympathicomimetic substances & relatnie increase of noradrenalin
would overcome the action of 1ts normal antagomst adrenalin As the
only structural difference betw een the 2 substand
essentind hypertension conld possibly be regarded as due to o metabe}
1e disturbance consisting of defirrent trinsmethylation
. 'T’:e adrz::l cortes The ::r}r‘x:;\ al.“‘ the z;}::::\ls ;:reven]{s the de
ongn In ammals
treated with cortienl extracts 1t s os 1ble to observe & certayn degree

ces 18 2 meths) growp
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cerebral 1schemia by ligation of the carotid, vertebral and spinal
artentes (Nowak and Walker, 1939, Fishback et o 1948) Unlor
tunatelyv these procedures give mconsistent results and have not per
mitted n thorough study of the hvpertension produced

A psychogenetic hypertension has been obtamned by Fams ef o
(1945) and by Yeakel and Ius collaborators (1948) by means of sub
Jecting rats dailv to intense explosive nowes These interesting studiey
should be continued smee we have here a typical case of by pertension
where the primary cause 15 2 sensorl stimulus with psychieal reper
cusson But hittle 1s Lnown vet of the mechantsm which leads ult
mately to bipertension It mas be through ‘stress i the semse of
Selve

In all these types of neurogemc hypertension the hidnes may be
mvolved In dogs with hypertension due to the removal of the pressor
regulator nerves Grimson et af (1939) and Grimson (1940) observed
that the exaision of the svmpathetic chan produced only 2 partil
fall 1n the blood pressure provided the splanchnic immervation of the
bidnevs remamed mntact The subsequent denervation of the hidnevs
produced a drop 1n the blood pressure to normal levels

Broun (1983) and Braun and Samet (1834 18352 b) claum that
renal denervation 1s capable of preventing or cunng hypertension
that 15 due 1o the miracisternal 1njection of a suspension of haohn

The demonstration by Trueta and lus co workers (1947) that the
direct or reflex sumulation of the renal nerves produces a funda
mental change 1h the renal cirenlation resulting m cortieal schemit
aud the work of Rotthe ¢t al (1945) showmg that the conhmyous
electrical stumulation of the renal pedicle 1s ible to produce hyperten
sion 1 dogs suggest that the hidnes may play 2 role m those types
of hypertension that are apparently of purelv nervous ormgn The
recent worh of Introzzt and his co worhers (1949) and of Taguum and
Fasoiolo (1950) seems to show that the nervous svstem cin also 1
fucnce the formation of renm within the hidney The stmulation of
the renal pedicle increases the concentration of remm i the renal
cortex Turther studies are needed to clasfy thrs mteresting fact

I apersmental Hormonal Hypertension
The adoption of the term  hormonal hipertension by Prado and
Dontigny (1948) to designate the hyperten on nlach follows upon
the admmistration of desoxycorticosterone of piturtary extracts and
the exposure to novious nonspecific agents seems to me fully justified
lormonal factors may not onlv plas « role m neurogeme or neplro
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Lezal pephrectomy 16 probably not indisp ble but the pres
engz“:? mdm\my]n the diet or 1ts admimstration m the dnpking ﬁ“‘:
« 2 copdition e gua non for the production of renal le‘n:s an
hypertension (Braun Wenendez and Prado 1950) The mechamsm
of this type of hypertension s still obscure but many ponts of nterest
have been revealed

1 Tt 1s well known that desoxycorticosterone causes & retention of
sodium m the orgamsm probably owing o an imereased Tenal ubular
reabsorption of this eation The first point to be considered »s whether
sodum sensitizes the orgamsm to the sction of desoxycorticosierone
or whether on the coptrary this steroid sensitizes the orgatust to
the action of sodium This guesiion has not yet been solved, but I
believe the latter proposition has some ewnidence 1n ats favor In fact
the admmsstraton of sodwm chionde alone m fugh doses causes renal
fesions and srterial hypertension 1n the chuck and the admuustration
of desorycorticosterone together with subthreshold doses of sadum
chlonde causes the same effect as sodwm chlonde alone In rats the

d of t even 1w great doses does not
cause alterations mn the water turnover renal morphology, er blood
pressure if sodwm chlonde 15 absent from the diet But of sodium
chlonde 15 given w suffi ts the ad ration of very
small amounts of desosyeorticosterone will be followed by an merease
m the fuid turnover by remal lesions and bv hypertension Even
more Sapustemn et al (1950) have obtained hvperiension and remal
phy 1n the rat by ad during 6 weeks a 2 per cent
solution of sodmm chlonde as a drnbang flnd

2 Hypertension that follows upon the admmstration of desoxy
torhicosterone plus salt 1s akisays accompanied by renal lesions and
tenal bypertrophy The mechamsm by which the krduey participates
1 ths hormonal hyperten 10n mas be an ncrease 1n the production
and Iiberation of remn by the kdnes & pos 1bility still unexplored
The particspation of the VEM humaral system seems 1o be excluded
by the results of Zweifach and Shorr (1950) B o
that one of th, } Bt we must remember

e most stoking effects of desoxycorticosterone 9 8 e~

:en[lmn of sodm due o an icreased renal reabsorption of thig elee
l;nleyte x:ng a renal excretion of potassum The changes 1n the electro

and the volume of extracell
follow upon the admimstration of ° flud which

f this sterard may b
both 1m the causavion of repal ¥ be wstrumental
Hood pressure nal Jesions and 1n the elevation of the

Summanzng hypertension 1nduced by ke admumstration of de
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of hypertension due to the substituhon therapy which corrects 1
part at {exst, the disturbance resolting from adrenalectomy It 1s dif
cult to judge up to what pomt the changes depend upon 2 spectfic
actton of the adrenals 1s opposed to the general changes resultin.
from adrenal dysfunction

The removal of the adrens 1 norma} ammals catses a drop w the
blood pressure to subnorml levels The blood pressure 15 restored 1n
these anmals by the admmstration of sodium salts, by desoxycorh
costerone and also, 1n xats by cortwone (for bibhography, see Gou
dimo  194¢)

VWhen desovycorticosterone beerme avadable for ehimeal use, s
great activity on the regulation of the metabolism of electrohte
prampted 1t< use mn the trertment of patients with Addison’s diseace
It was soon found that desoxycorticosterone corrected not onlv the
metabolic disturbinces but also the hvpotension of these patients In
1939 Loeb and lus co workers called ttention to the rise of the pres
sure to hvpertensive lesdls i 2 Addisonian patients treated with the
sterord 2 fact which was subsequently confirmed by mam other
worhers Tollowsng Loeb’s observation Kuhlman et ol (1939) mnjected
25 mg of desovycorticosterone per day during 70 dayvs mto 2 normal
dogs and obsers ed small nises i the blood pressure of 45 and 20 mm
Hg This abservation was repeated nd confirmed by others m dogs
and s

The contribution of Selve and his co workers to the problem of
hipertension due to desovs corticosterone has been of fundamental
mportance Selvc (1942) first showed that the admmstration of
codim chlornde to chichs ciused renal lestons very sumilur to those
found 1 humap nephrosclerosis The admumstration of desovycortt
costerane caused the same tvpe of lesions in chicks fed a nontouc
dose of sodmm chlonde

Then came from his laboratory & grent number of experymental ob
servations which hase not onlv clanfied many problems concerning
the pathogenesis of hypertension but have iso grven us a new simpte
and effictent method of producimg chrome cxpermmental hyperiension
1n the rit The dulv mjectron of massne doses of desoxs corticosterone
(1 method formerls used by Sclve) has been replaced by the sub
cutineous mplantation of 1 or 2 desoss corticosterone peflets {200
mg per T2t) nto umnephrectomized rits fed an adeqmate diet and
grven o 1 per cent solution of sodium chlonde as 2 drmhing flud At
the end of from 2 to 4 weehs hypertension appears in practicaily

the animals
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blood pressure which 1s due to advenst b pofuncion Newther growth
hormove not lactogenie hormene prevents the {11l in the blood pres
sure which follows hypophysectomy, but adrenocorticotrophin re-
stores the pressure to the former hypertensive levels (Anderson et of

1943 Braun Menendez and Fogha 1944)

The mjection of crude extracts of the anterior 1obe causes i the rat
renal changes (Selye 104%) 2nd hypertension (Prado et of 1047
Dontigny et af 1935 Hay ond Segwin 1946 Masson et ol 1049)
The production of hy pertension 1 conditioned by the richness of the
diet n proten

The primtary punciples that are responsible fot renal changes wnd
hypertension have mot yet been identified but apparently they act
by sumulating the adrenal cortex with increased production of
mineralo corticoids of the desoxycor type The h
of hypestension would thus be similar to that induced by the ad

of d

¥ Together with the minerdo
corticaids the adrenals secrete other types of sterads which may hase
an agomshic 6T antagomstie achion 1o the former and thus compheate
the picture

Pure adrepocortscotrophin has little or no action on the blood pres
sure of normal men but may produce great mses accompanied by
severe symptoms 1n patients with essential hypertension (Pesera
1850) or nephnitis (Sprague 1920)

The removal of the posteror lobe of the hypophysis has na action
on the blood pressurc of normal mammals or anmals with renal hvper
tenston But pitressm one of the active principles 1solated from the
posterior Tobe of the hy pophysis has a pressor and anbidraretie action
It 1s adduced that this pressar action t too feeble 1 wan and that its
shin blanchiog and antidiuretic action would not £t iato the chmeal
aspect of human hypertension (Pickering 1943) Nevertheless 1t
probablv plays a part m expenimental .5 d chniesd hypertension The
removal of the postenor pitmtary lobe produces a decrease m th
blood pressure of toads (Orias 1934) In yals and dogs with ;
mental hypertension and 1w hipertensive men Ellis and G e;:lpm
(1949) have recently found an mereased elimnation of the ay rdo e
principle by the urme This irncreased excretion of the a‘md‘“mw
{:;mc\pla roght be due to a1 mcreased production of (hems‘a::r:c

e pos\enocx; Tobe of t‘he };5 popl:) 15 :qnh!i ‘:téxe fatter a reaction to som};
over This mterpretation 15 supported b th the water tum
Green L1948) 1 ¥ the findings of Skahen an,

\1948) 11 vats These authors found that the <limimation of th‘:
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s0M) corticosterone appears to be a hormonally mduced renal hyper
tension, caused by or assacrated with a disturbance m the water and
salt metabolism, which also plavs 2 part s a causative factar mn the
clevation of the blood pressurc

Desory corticosterone 15 not the only adrenal corticod the admu
tration of which can produce renal lesions and hypertension Selye
(1950) has obtamed sumlar achions with 13 desovyecortisone the
compound § of Reichstemn, which has becn wsolated from the adrenal
cortex

The hypertensin e action of desovy corticosterone was first discovered
m patients with Addison s disease In normal men desot corticosterone
must be given during a relatively Jong persod to produce an increase
m the blood pressure over normal on the other hand patients with
essential hypertension respond promptly to its admimistration by
showing o defimte nise i the blood pressure As in the rat this sterad
has no wction if sodwm s absent from the dhet In man as i the rat
and the dog 1t causes a disturbance i the electroly te metabolism and
an onerense 1n the extraccllular flwd volume The relation of the
Inttcr changes to the rise m blood pressure has not been defimtel
established, experimental obseryations i ammals seem however, to
dicate that they play an important role

The action of cortisone on the blood pressure has not yet been
thoroughly studied Ad tered to adrenalect d rats 1t prompt
Iv restores the decreased blood pressurc to normal fevels (Gaudmo
1044), i nephnbic rats 1t may ciuse moderate hypertension 1o
nephnitic adrenalectomized rats the mse m pressure 1s much greafer
(Ianowlton et al, 1049) It seems as if the presence of other adrenal
sterotds tends to dimmmsh the pressor action of cortisone

In normal man cortisone has no action on the blood pressure but m
pabients with Addison s diseas 1t causes an mcrease mn 1t (Perers and

colfaborators 1949)

THE HYPOPHYSIS

The removal of the antenor lobe of the hypophyss produces a fall
in the blood pressure in normal dogs (Briun Menender 1932} and
rats (Braun Menendez and Toglin 184%) In the latter the normal
Jevel of the hlood pressure can be restored partially by the admmistrr
tion of desovycorticosterone and totally by the admumstration of
adrenocorticotrophtn (Anderson et of 1944 Braun Menendez and

Togha 1944)
Ign hypertensive ammals also hypophy sectomy causes a fail w the
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od onlv by our patursl tendency 1o smphiy the enormous complica
tous of bilogeal facts thus we rest content for a short while until
new facts oblige us to modify our presious clasaification

1 helieve nevertheless that the time 1s mpe to present o nes syn
theass 1 the still obseure field of the mechamsm of hvpertension Ve
have seen the Lidney become myolved 1n all types of hypertension
1n renz] hvpertension 1t 15 suzely the valpnt m the other two 1t may
be the victrn but I do not believe 1 1ts innocence  spontancou v or
forably 1t has become part of the gang and a verd important part
100 One of 1ts roles may by the elaboration and hberation of vaso
constrictor substances

The other role 13 mote complex but perhaps as smportant a3 that
1t mentioned The ladney 15 placed at the crux of a very complex
set of mechamsms concerned with the regulation of body flwds and
electroli te mterchanges The latter suffcr the durect wnfluence of the
metaholic processes of the body which m turn are regulated by the
glands of internal secretion ete

1n this sense hypertension even expenmental hypertension can be
viewed as a metabohie disturbance d by diff primary
causes This broader point of vicw ean be enticized on the ground that
1t 1 too comprehensive Nevertheless in the present state of our
l:no\v[edgc on the subject a more Jimited pomnt of view—namely that

hyp 15 exclusively due to the of a pressor sul

to the exaggerated attmity of the nervous 5ystem or to the mercased
or decrea ed tion of some | tenable Whatever the
it or pred; t cause of hypert s metabohe change oc
curs which p P m the path of hyp

or may
esven take over the baton and become the conductar of th
e
lomeal orchestra phenomeno
Ethn I refer to metabohic changes I have w mmd espetsally two
of them  changes 1n the protein metaboliem and distuthances 1 the
water and electrolyte metabolism But many others may come into
ph:\)rwhmh have not yet received proper sitenhion
y present view of the pathogenesis of h
ented e e e P! g yplriension can he repre
Lo ~- ¢
thin
Ivd
- vuued pevt
fort in diagrams Faced with anv unsorted array o; Ia?::‘y \n*\:es .
begin automaticalls o sort and smange them and wh ongs wie
{arge or too subtle to be dealt with en they nre too

direetly we itemuze thesr names
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nntidiretic prineiple 15 proportional to the degree of flud exchange
When fluid ingestion 15 mereased following the admimstration of de
soxycorticosterone or the substitution of water by saline in the driok
mg flind, the excretion of anbidmrebic substance m the urme 15 abo
meresed

OTHER ENDOCRINE GLANDS

Of the other endocrine glands the gonads and the thyrod are ap-
parently not essential for the maintenance of hypertension produced
by constriction of the renal artertes But the role of these glands and
of the hormones sccreted by them cannot be completely dismussed

Testosterone does not couse an elevation of the blood pressure
(Selye and Rowley 1944, Blachman et ol 1944, Page et ol 1016
Sapeila, 1048), though Grollman et o (1940) reported a mse m rat<
Nevertheless, by 1ts action on protein metabolism and bs 1its reno-
trophic action 1t may influence 1n some way or another the course of
hvpertension caused by other factors

Estradiol scems to have 2 definite action on the blood pressure, al
though some results are contradictory (Grollman ct af, 1040, Saperha
1948, Page et al 1946, Page 1948)

Progesterone does not cance hyvpertension 1n the rat (Selye ef o
1945), nor does 1t ruse the blood pressure m patients with Addisons
discase The lnck of effect of progesterane 1s the more strikmyg if oze
considers 1ts structural resemblance to desoxy corticosterone

The extirpation of the thyreid gland n the dog does not prevent or
cure hypertension produced by constriction of the renal artenes
(Glenn and Lasher 1938 Katz et al 1939) Its effect on renal hyper
tension 1 the vat has not been studied Through its action on the
protan metabolism 1t 1> likely that the thyroid can exert some
fluence on the hypertensive effect of other factors The work of Selye
and his collaborators seems to support this point of view In fact the
admimistration of thyroid powder increases the sensitivity of rats to
the nephrasclerotic achion of desoxscorhicosterone and the antenor
pitutary lobe (Selye et al 1945) and on the other hand the extupa
tion of the gland dimimshes the sensitivity of these animals o the
action of the nimed principles (Ifall and Selye 1945)

Metabolic Hypertension
1 have reviewed m a verv abridged form the three principle tspes

of experimental hvpertension renal, nervous and hormensl This
Jassification 1s, Iike all ¢l tions completely artificial and prompt
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od only by our natural teadeacy to sunghty the enormous complicy
twons of biotogcal facts thus we rest content for g short while until
new facts oblige us to modify our previous classification

T beheve mevertheless that the time 1s mpe to present 3 hew SN
thest 1n the stll obseure field of the mechamsm of hypertennon We
have seen the hidney become mnvoived all types of hypertension
10 repal hypertension 1t 18 surely the culpnt m the other two 1t may
be the vietrm but T do not beheve m ats mnoeence spontantousty or
forably 1t has beeome part of the gang and a very 1mportant part
tao One of 1ts roles may be the elaboration and liberation of vaso
constrictor substances

The ather role ts more complex but perhaps as mnportant as that
yast mentioned The kudney 1s placed 2t the erux of a vers comylex
set of mechamsms concerned with the regulation of body flmds and
dectroly te nterchanges The latter suffer the dwect influence of the
metabohe processes of the body which 1o turn are regulated by the
plands of internal ecretion ete

Tn this sense hypertension even expenmental hypertension can be
stewed as 4 metabohe disturbance imtiated by different primary
catt es This broader point of view can be enticized on the ground that
1 13 too comprehensive Nevertheless in the present state of pur
hnowledge on the subject a more hmited point of v jew-—namely, that
hypertension 1s exclusively due to the secretion of a pressor substance
[ l’be exag%cratcd activity of the nervous system or to the increased
or

of some } tenable Whatever the
tnthia} or predominant cause of hypertension a metsbohe change oc
curs which m the pathog of

P or may
even take over the baton and become the conductor of the phenomeno
Iogwal orchestra

When I refer to metabolic changes T have m mmnd especially twa
of them changes m the protem metabehism and disturbances 1 the
“ater and electrolyte metabohsm But many others may come mt
[:la‘y( which have not yet received Propes attention °

¥ present, view of the path,

A O (F‘(gpl) ogeness of hypertension can be Tepre
Let me close b quoting Professor Corner s words  The collectr
thwking of mankind forever struggling to understand ths en, "
lfy detuled wniverse 1 which we find ourcelves mevitably m&mﬂ!
1:;“;:\“ dugrams Faced with any unsorted array of facts or !hmg:“:‘e

w ‘g automatically to sort, and arrange them and when they are t
ge o 100 subtle to be dealt with directly we \temize ther nam‘:
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Totel nephrec omy
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on paper draw lines between them subordinate one to another noms
nate thew hierarchies and rest temporanly content having achieved
m some degree a better ordering of our restless thoughts

Byt for this erderngt to have any justficrtion it must kave 1 ds
pamic consequence Whenever a research worker makes @ pause 1 iy
experiments i order to examune the work done and analyze Jus results
ke ma3 come to some concl about s defi blem may dis
cover some new relption or law, or, more often, may become disap
pomted by the futihty of hus efforts But whatever the result of his
survey, onc unas oidable conelusion will eome forth mare expermments

are needed
At the end of this lecture the conclusion whieh arises 1s the same
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we need further experiments to clanfy the elusive problem of hyper
tension And if I were given the prisilege of delivening another similar
lecture 50 years hence I should certainly end in the same way for
while the more we seek the more we kunow 1t 1> also true that by

ding our knowledge we expand 1 1y the field of our

curioaty
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by FLFNIOUS T BELL

The Pathological Anatomy 1n
Prumary Hypertension

Toerp 15 no sharp separation between hypertension and normal

blood pressure buy many Cbservers agree that the upper lum;s of
normal pressure are 150/90 mm Hg in persons over 50 vears of age
and 140/60 mm Hg 1n persons below the age of 40 vears Some 1n
\estigators beheve that the wpper bt of normal <vstolic pressute is
140 mm Hg Repeated examinations are necessary to establish the
duagnosts since single lgh readings may be due to emotional dis
tuthances In the milder forms of byperiension the pressure may fall
to normal lexels after prolonged hed rest or during sleep but 1t rises
again when the patient resumes his usual activity The reason that
pressures of 156/90 mm ¥Ig or hugher are regarded s abnormal is that
persons with such pressures more frequently develop vascular diseases
than normotensive persons

0ld people may show an elevation of the systolic but not of the
duastohe pressure Thns 15 0ot so senous as 3n elevation of the dastohe
pressure but a pressure such as 180/80 mm ¥g produces an mcreased
strain on the arteries since the average pressure 13 wcreased

The majonty of hvpertensive persons over 50 years of age whose
pressures do not exceed 170/90 mm Hg never des elop serons complt
cabions but sometimes the pressure nses to more dangeroys levels Tn
general the danger of \aseular hieations and death inerease:
directly with the height of the blood pressure Vomen folerate fugh
Blood pressure better than men Although hypertension 1s more fre
quent 1n older women than in older men the death ratios from hyper
tensive disease 1n persons aver 50 years of age m OUr experience are
14 1 per cent for males and 119 per cent for females
p:l;:\sr “0‘\';)8 emphasized that about three fourths of the persons with

ypestension in the sense of & blood pressure of 150/90 mm

183




184 A Sympostum on Hy pertenston

g or higher, die of discases unrelated to hypertenston 1nd that a
majority of persons with mild hypertension h1ve no svmptoms

In persons suffening from primars hy pertension the princrpal altera
tions found in the body occur n the heart, the bramn the hudnevs and
the arteries The changes m the brain and hidneys are due entireh
to artersal disease and the damage to the heart 1 caused exther by
the Ioud of the mcreised pertpheral resistance or bs coronary athero
sclerosis Basiealls, therefore primary hypertension 1s a disease of
the arterics and arterioles

The Heart

The mcreased perspheral resistance almost invanably brings about
by pertrophy of the left ventricle and inereased weight of the heart
This 1s compensatory hvpertrophy m response to mcreased work It
15 not 2 primary disease of the heart Meart fulure 15 the most fre
quent cause of death mn primary hypertension but it 1> secondary to
mereased work or to coronary disease

Myocard:al jalure The heart responds to the mcreased penphersl
resistance by hypertrophy of the left ventricle It may remamn com
pensated for years, but commonly the left ventricle begins to fal
causmg congestion of the lungs hypertrophy of the nght ventrice
and finally general senous congestion This 1s the most frequent form
of death m primary by pertension The weight of the heart 1y mereased
and 1ts chambers arc dilated The weight that the heart attans before
faslure sets in depends in large measure upon its tndnidual response
and cannot be corrclated closely with the durition and mtensity of
the hy pertension as one might expect In the absence of primary renil
disease and coarctation of the torta left ventricular fivpertrophy
newuly always due to prmary hypertension

Coronary disease Corontry disease occurs frequently 1 normoten
snve persons but 1t 1s over twice 1s frequent 1 hypertensive persons
s 1n normotensive The mereased mntravascular pressure accelerates
the aging process 1n the coronary arteries In about 20 per cent of the
deaths from primary by pertension coroniry disease 1s the major fatal
complication One or more of the lirge coronars arferies e markedh
narrowed from atherosclerosis and frequently thrombosis 1s found
There are scars m the myoeardm and fresh mfarcts mav be found

The Bramn
The effects of hypertension on the bram are mntracranial hemor
rhage and encephalomalacia
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Intracramal hemorhage About three fourths of the eases of spon
{apeous wimacranial hemordinge <te assaoated with pnimary hyper
tension The hemarrhage 15 due to ruptute of 3 disensed artery an the
substapce of the bram

Freephalowalace Encepnatymatonn t wivction of the brawm due
tg thromba 15 of embolism of one of the astenes Yu pomary byper
tension the lesion 15 a thrombus Lncephalomalacia 15 somewhat Jess
frequent than bemorrhage in primary hypertension but occurs more
frequently than 3 thage W eTSOnS

A hypertensive person may have one Or more strokes and die later
of cardiac ot renal complications

Topest halopathy 18

Ry

7 d by 1otense headach
comulstats paralyses and mtellectual mpurment It 13 believed Yo
he due to ichema of the bram resulting from atherosclerosis

The Badneys

Approvimately 14 per cent of the deaths from primary hyperten
ston are due to Tenal falure resulung from disease of the smal) rena)
artenes snd artenoles

Tn order to det the effects of by on the yenal ves
sels we must first study the aging pracess m these veseels ;n norme
tensive per ons The control gronp conwsted of 741 persons of aff ages
who hsd no hypertensive symptoms of any hmd and whose blood
Dressures were never ngher than 140/90 mm H, The hearts wesghed
Iess thas 340 g in the ferales and less than 400 gm m the males

The small artenes The incdence and the degree of inttmat thicken
g the small arteres of the eontsof group with respect 1o 2ge are

Taatr 1 The Tocidence and the I arnes + ¥
Small Astenes of

B S CE R
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35 thowa w Figwre 1 & Guade Y
ghown\n‘lh’\‘;\z\.\t:g i;‘:;:.:::’\;ri'% Grade § tucheniog m Yu:\x& 3“
X‘:‘z‘e m’tm\n (bicheps the medis wndergoes alrup}n\ nr;cli \t‘;l -
ftade § mumal thckeang Yoe muserlas meda has larg 13;1“ =0

e 4 Tn Table 1ot sl be aated that the degree of wtimal thicl
waﬁnm:m progressrvely with oge ond that verd {ow persons over
‘;)g;ears of age have normal snall xepol arteswes The thichened mbima

Fiors 3 Small renad av
tery showing Grade 3 on
tnal Quexepng The thin
dlack penpheral layer 1
th rewnast ol the
musedlar media

&5 composed fargely of elastic tissue Intymal thickeany, of these ves
sels 18 therefure an agng p ocess and 13 commonly very severe m
persons of ad d age

In Table 2 there 15 shown & companson between the wmtensity of
sytmal disease an the small arterses of the control group over 50 sears
of sge and that, of byperteusne pesons About 15 per cent of the
hypertensives wereles than 50 years of age Grades 2 and 8 of mbimal
tuekemng were found 10 831 per &eut of the controls and 1 59 per
cent of the hypertensties These das suggest that mtunal thichening
of the renal artenes of Vs calbe= 15 an agmg process which 25 some
whst nceelerated by gk blood pressuze

The orteroles The wall of 2 vorma) arteriate

’s romposed almost
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Taste 2 Intimal Disease of the Small Artenes in Hypertensine
Subjects and m o Group of Non Hypertensne Controls

No of Percentage by Degree of Inyohvement

Cases [ 1 2 3
Controls over 50
years of age 584 24 3ia 318 313
M3 ocardial 226 09 128 323 50
Cerebral 194 D 113 314 572
Coronary 80 12 169 400 95

Tavre 3 The Inadence and the Intensity of Artenioloselerosts in the Control Group
with Respect to Age

Percentage by Degree of Invoh ement

Apemn No of Total
Years Cases 0 1p 1 2 3 1-3
0-10 te 100 [ 0 0 0 0
1020 10 106 a ¢ o ¢ o
20-30 37 a9 54 27 ] 0 27
3040 57 860 10.5 o 18 18 56
40-50 91 813 1o 66 0 11 71
»0-60 177 31 130 62 17 o 78
60-70 15, 80 129 71 19 o 20
70-80 187 620 w7 138 22 22 182
804 (%3 615 92 200 61 s0 291
Over 50 533 7.3 142 01 24 10 183

entirely of smooth muscle and the intimn consists of a sigle layer
of endotheliil cells In the older members of the control group there
was frequently a subendothelial deposit of a hyahne substance This
1s called artericlosclerosis and the mtensity of the progess 1s mdieated
n Tible 3 by the numerals 1 2 and 3 The designation 1p in the tible
mndicates that hy iline was found onls m an occastonal artersole usutl
Iy those originating from larger arteries The numerals 1,2 and § ndt
cate that the majority of the artertoles re affected Grades 1 and 2
of arterioloselerosis are shown m Figure 4 and Grade 8 1n T'igure 5

The erdence and ntensity of arteriofosclerosss i the contral group
with respect to ge are shown m Table 3 Arterolosclerosts ts very rare
before the age of 40 years but it inereases from 77 per cent 1n the
fifth decade to 237 per cent after the seventh decade In the eptie
group over 50 years of age renal artertolosclerosis was found m 13.5
per cent The leston wis usunlly Grade 1 seldom Grade 8 It s 2p
parent, therefore that renal arteroloscleross 1s an age change which
may develop independently of hypertension
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The relation of artenolosclerosts to disease of the small artemes
Arteriolosclerosis was never found in the control group except
association with a Grade 2 or 8 intimal thichening of the small
arteries But disease of the small artenes is very common m the ab
sence of arteriolosclerosts The disease scems to extend from the small
artenes imto the arterioles

The relation of arteniolosclerosis to the level of the systolic blood
Ppressure 1 persons over 50 years of age without hypertensive symp
toms From the figures in Table 4 1t appears that arterolosclerosis 1

Fastz 4 The Relation of Arterolosclerosis to the Level of the
Systolic Pressure 1n Persons Over 50 Years of Age without
Hjypertensne Symptoms

Systolic Blood Petcentage Showing
Pressure No of Artenolosclerosis
(mm Hg) Cases Grades 1-8

90129 410 12

130~139 18% 19

140-149 70 243

150~159 k] 21

160-169 "0 243

170-179 49 224

180-210 48 2%

Tasre 5 The Relation of Artenolosclerosis ta the Weight of the
Heart 1n Non Hypertensive Control Subjects Over 50 Years of Age

FPercentage Showing

Weight of the No of Artenolosclerosis
Heart 1n Grams Cases Grades 1-8
Males  170-299 1~ 105
Females 170249
Males  800-339 s 91 19
Females 2.0-299
Males  850-400 181 144

Females 300-850

defintely less frequent in those with systolic pressures below 130 mm
Hg but that there 1s no sigmficant difference n 1ts madence m those
with pressures above that level This observation 1s difficuit to inter
pret Smce these persons had no hypertensne symptoms it mav
mean that therr blood pressures were of the [abie type and not per
ntly elevated
SB;?he fl‘latton of arterolosclerosnis to the weight of the heart in the
control group over 50 years of age It may be <een 1n Table 5 that
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anenclosdeross 1 deBrutely less frequent in assoe:ation with hearts
weighing less than 300 gm in males and 250 gm 1 females than with
larger hearts but there 15 vert Iittle difference betwten its incidence
1m the second and third groups of the table

1t 15 dlear that rem) arteniolosderosis of moderate mtenaity cccurs
frequently m older persons who had no symptoms of hvpertensive
disease and whose blood pressures and cardisc werghts were within
recogmzed normal limits Tt1s a primary disease of the arterioles which
inereases w frequencs with age ‘The most impostant infiuence m the
contrel group s the age of the indssidual There can be no doubt that
arterolosclerosts may deselop independently of hypertension

1t may be suggested that the older persons are the ones with the
Targer hearts and higher pressures but a carefu} analysis shows that
the mze of the heart and the teved of the blood pressure m s grovp
are not telated to age

Senba also found many normotensive subjects m the older age
groups who had repal artenolosclerosis

The t2c dence of renal artenclosclerons m the different clmical
forms of hypertensie disease In Table § the snoxdence of artenolo

Taste 6 The Incidence and the Degree of Renal Arterioloscleross among a Group of
Non Hypertensive Controls and w the Piflerent Clmeal Forms of
_ Hvpertensive Disense

Perrentage by Degree of Artenolosclerasis

No af
Total
Cases. o 1p 1 2 3 1-3
Controla o er 50
yearsof ape 534 23 e 0 24
0
Myoraed at w 269 (3] 281 1]e 210 ] lofzd
(C:erfbn! 264 207 64 267 173 200 0
orenary = 55 25 %00 125 123 54

sclerosts 1s shown m the myocardial cerehral and coronary forms of
?ypcr\:‘cnswo disease The renal form 1s not included stce by definy
1oft there ss always a severs vaseulay dise:

10 the sable e sease In all the caces Vowem
and death was due t¢

percentage with defiy “ :
e copase et defy e ofher wasts (Grades 1-8) 1s smaller m

forms Neatly 25 per
sans with typieal chmeal hypertensts e disease of fhe ;?:r::m‘;“t; ;‘
es

have normal renal ap
terioles (Grade 0) and abouf
L7
only occanional hyalime deposits 1 the arteroley (Grad‘;e‘;pc)mt e
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Castleman and Smithwich eamined biopsies from the Lidneys of
100 hypertensive patients the specimens bemg taken at the time of
sympathectomy operations Using the ertena of Montz and Oldt
(which mncludes prearterioles), they found no vascular discase i 7
patients Grade 1 lesions m 21, Grade 2 m 25 Grade S m 33 and
Grade 4 1 14 These observers believed that m a fairly high per
centage the vascular lesions were an madequate explanation of the
hy pertension

It cannot be mamtamed that hypertension s always caused by
renal arteriolosclerosis, <mce 1n nbout 25 per cent of the cases of
hypertension without renal msufficiency the arterioles are entirely
normal If one mcludes the preartenoles the percentage of myolse
ment 1s higher but there remam 173 per cent m which both arterioles
and prearterioles are normal Likewrse hypertension cannot be at
tributed to diserse of the small renal arteries smnce this 1s almost
iy aribly present m the normotensive controls over 50 years of age,
and m about one third of them 1t 1s severe (Grade 3) Disease nted
to the small arteries, when sufficiently severe to eause atrophy of the
renal corten may however be associated with hy pertension

It has been demonstrated that chnieal hypertension may deselop
m persons whose renal arteroles and prearterioles are normal and
whose small arterses are no more severely nffected than tho e of the
normetensive controls

In hypertension with renal nsufficiency the blood pressure 1s com
monly higher than  the other forms of hypertension and the evt
dence seems convincing that the deselopment of sesere vascular renal
lestons during the course of chronse hy pertension may cause the blood
pressure to rise to higher levels and in esceptional cases of cute
renal msufficiency the vascular lestons may mitrate the hypertension

To summanize the evidence presented above it may be pomted out
that mud rennl arteriolosclerosts does not always cause hy pertension
smee 1t 1s found m 1bout 13 5 per tent of normotensive older persons
Tt 1s lso cstablished that a fair percentage of subjects with typical
climeal hy pertensn e disease do not have renad artersolosclerosis hence
hypertenston may develop 1n the absence of arteriolosclerosi

Since renal artersoloselerosis 1 much more seyere and more frequent
1n hy pertensive than in normotensive subjects one mmst conclude that
there 15 some causal connection between the condition of the arterioles
and the level of the blood pressure We may believe that pnmart
hypertension 1s basiclls due to o spastic narrowing of the arterioles
and not to orgamc changes in ther walls and that the persistent m
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crease of ntravascular pressure accelerates the agng process A‘c
cording to this concept prmarv hyp and renal art
sclerosis are ndependent m ongin but they ntensifs each other

The relation of diabetes mellitus to 7enal artenclosclerons In Table
7 the frequency and imtensity of rensl artenoloscleross 1 diabetic
subjects 1s shown 1n relation to age It appears that arteriolosclerosts
15 obout as freguent in diabetics a3 n persons with primary hyper
tension The tendency of diabetes to accelerate atheroselerosis 1s well
known It may be suggested that the hgh madence of artemalo
sdlerass 15 due to apocted hypertenaon but the artenolar levans
are neatly as frequent 1 normotensine as 1n hypertensive diabetics

The three known ettol i mfl m renal arteriolosclerosis are
therefore age hypertension and diabetes methtus

Hypertenston with renal wsuffictency In Table § the age distriby
uon of the several clinieal forms of hypertensie disease 13 shown

Tz 7 The Jacrdence and the Degres of Renal Artenolosclerons n Thabetic Subjects
with Respect to g and 1 & Group of Contra's

Percentage by Degree of Inrakement.

{gem No aof Total
Years Cases [ 1 N 13
10 [] 100 ° ] e
w020 2 10 0 [ o :
20- 0 8t o 129 32 129 220
£6-40 57 02 &8 9o 20 %08
:g:ﬂg 8¢ 464 28 80 250 538
P Er 364 198 150 239 655
o0 sst 266 s e %63 733
o us 20 231 180 338 50
(9 250 283 83 383 50
Orer o 81 228
Control o ¢ o 534 %65 g‘: 1:24 5;“; le_;

TaBE § The U strbution by Age Decade of the

vpere 11 Duacae (hgs ot Toa of mooy o Forms of

e of Death)

. Noof Percentage by Decade
g xmuw Cams 1 2 3 4 5 5 78 9kup
u 3':::“1\;! :ﬁ g by 8L 12 om0 ey T gy
G w0 : 5 10 22 338 w3g g9y g4y k2
oo 1087wty ogge g

Males 28 o

07 25 gy
Females V3 0 23 48 ws e jen 3 TR 1p
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Renal msufficiency deselops carly or late 1 about 12 per cent of per
sons with chinical symptoms of primary hypertension In this table
the number with renal msufficiency 1s much higher because the cases
were selected from 1 much larger group of necropstes than were those
with the other forms of hypertensive disease It will be noted that
mn the earlier decades there 1s  higher percentage of the renal than
of the other forms of hypertensive disease, and that this 1s particu
larly true of females The total meidence of renal sufficrency 1s
about the sune i the two seves but in females 277 per cent of the
cases occur before the age of 40 years, and 45 7 per cent after the age
of 50, whereas 1n males 10 per cent occur before the age of 40 jears
and 647 per cent after the age of 50

In the great majonty of the renal group there 1s satisfactory eu
dence that hy pertenston was present a long time before the onset of
renal msufficiency  The blood pressure 1s usually much higher i the
presence of renal msufficiency, the systolic pressure bemg 200 mm
Hg or lugher 1n 81 per cent of the group of 454 cases The pressure
tends to rise to higher levels as renal insufficiency increases

In about one third of the cases the kidneys were small and con
tracted, the combmed weight being less than 200 gm  but i about
20 per cent there was no reduction n the size of the hidneys the
combined weight being 300 gm or more In the contracted kidneys
uremta 1s brought about by a slowly progressive occlusion of the small
arteries and arteroles whereas m the large hidneys 1t 15 due chiefls
to acute occlusion of these vessels On the chinical evidence we may
distinguish a slowly developing uremia and an acute fulmmnating
uremia

1 Chromic uremia This 1s more frequent than the acute form, and
the kidneys are usually reduced mn size Microscopically there 1s ex
tensive cortical atrophy due to severe inttmal thickenmg of the small
arteries and hyaline changes n the arterioles Most of the glomerult
are hyalime (Fig 6) The changes are sumlar to those often found
1n hypertension without renal insufficiency, but they are more severe
and are associated with extensne cortical atrophy

2 Acute uremn The vascular changes charactenstic of acute
uremia are usualls superimposed on those resulting from simple
chronie hypertension Three vaneties of lesions are found "

4 Collagenous mtimal thickening This 1s found chiefly 1 the smnd
arteries and prearterioles The lumen of the vessel is greatly reduce]
m diameter by & very thnck intima composed of loosely arranged col

lagenous fibers (Fig 7)



Fiorwe € Hypertepsion
wuth ehronse uremia Severe
sobement of the sma't
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b ‘Thrombonecrasis This lesion 15 found chiefly ar the arterioles
The famen of the vessel 1s filled by a thrombus and often the entsre
wall 18 necrote {Fig 8)

¢ Focal glomeruliis Frequently one finds occasjonal glomernl
associated with necrotic afferent arterioles m which the glomerular
capilianes are Mied with lencocytes An epithelisl cyescent may be
present (Fig 8)

The changes charactenstic of acute Urema are 6o different from
e renal vascular lesions commonly Jound o othtr forme« of hyper

tension that they are often snterpreted as a speeial form of acute
artentis

Summary
Trmary hypertension 35 arbylrarsly defined as a persistent bload
wressure of urknown cause 150/90 mm Hg or hugher 1n persons gver
50 years of age snd 130/90 rum Hg or higher i persans less than $0
sears of age
Systohe hypertension w0h 2 zormtal diastohe Pressufe 15 pot go

senous as a hugh diastolic pressare but 1t nevertheless produces an
ticrease in the asesnge siravasculsr prey vee
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‘hose
onty of hypertensive persons over 50 vears of age W
w’::::f\;éa‘uzz cxcel::d 170,06 wm Ug havenosy nptoms nnn\\)\{li\
e to the hugh pressure and there ;; no great Increa € M MOTRRL
sertenypy: complication m thy group

““&fé three fourths of persons with hypertension n the =((1 nse of
favmg Blood pressures of 150/90 m g or lugher, die of diseases
unyelated to the hyperiensie state

Altbough hypestencion 15 mort {requent m older women than
alder men the mortality fram hypertensive complic lions 15 Jowey 1n
fexnoles and women with corresponding degrees of hvpertinsion sur
Ane jonger than men

10 the sutopsies at the Unnerats of Mannesota about 33 per cent
of the deaths of persons over 50 years of age sere agagnable to some
cumpication of primary Bypertension

The fatal comphertions of primary hypertession are myocardial
fadure corosiars atheroscl ntvacymal h hag
malaca and renal msuffierenes

Alpat 12 pe cent of the desths fiom prmary &y pertension axe due

o ninal fadure ¢ sulteng from nasrowmin, or closure of the smsll rend
ariencs and artencles

encephals

Tntimal thichemng of the small resal atfenes > an age thange found
tn some degree yn precte-alls it persons over 50 years of nge Yt m
cretses 1 satensity with advpang age In pnmary hvpertunson tins
lesion 15 somewhal ore s o fhan m non hypertensnes of cor
sesponding age

£ non hypertensice eontrols remal artendlo s 1s v DeSore
the age ol 40 yeur, but Wt morences sh Trequency from 77 per ctent in
the fifth deeade 1022 * b r cent affer the seventh derade The astesiolo
sdlerous 15 wsually muld Renal srienalosclerows 15 over five times as
{requent 10 parsons desd of prmany b perterson as m non hyper
tenstve contrals and 15 wsuslly much more severe Afout 05 per cont,
of persons dead of primany hypestension do not show renal arlesiolo

clerous

Eramary hyp and senal arterolasclerasis ave nd )
mungm but they mtensdy each vther ’

The baste disturbance m prmary hypertension 1s 1 spIste state of
tl\.; artenoles not o1 orgamic alterabion

4 mayenty of the casex of
reman thek‘:\l\em!m\i w \hse‘: T S Restension termnating to

') renal arteries and
artersnles
onisy an mtensity tromt tha e ouenrnng i the otbet farms of by pe(i:&::\‘
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sive disease but 1 a fair percentage urema 1s brought about rapidly
by collagenous intimal thickemng of the small vessels or by a necro-
tizing arteriohitis

RereRENCE E T Bell Renal Diceases ed 2 Philadelpha Lea & Febiger 19:0
pp $91-895



by REGINALD B OSMITHWICK
and BENJAMIN CASTLEMAN

Some Observations on Renal Vascular Disease
m Hypertensive Patieats Based on Biopsy
Matenal Obtained at Operation

Tag obsersatsons of Richard Bright m 1827 {1} and m 1836 (%)
caffed attention to the fact that diseased Jodneys were at bimes as
socrated with bypertrophied hearts ‘This important deduchion re
sufted from the correlation of ehmeal evidence with gross pathelogeal
findings 3t autopsy Thus 1t became established that kidney disease
af one sort ar anather was evidenced chmically by dropsy and athu
runuria and at autopsy by diseased hidneys and hypertrophred hearts

The advent of the microscope permtted more detailed studs of
pathoogical matenal from pahents dying of so called Bright s disease
or with hypertrophued hearts The brlhant observations of Gull and
Sutton m 1872 (8) led them to question the then current theory of
the vause of Bypertrophied heasts As 2 resplt thev 1oms pad 2

P

u utv oy uigans of patients duvipe of T At 1
Vo

e v baflul
. 4y aivo contested the then current concept of the nature of
the path

ological changes 2 the blood vessels and showed that 1
2ddwon to medial hvpertrophy 2 hvatme fibroid degeneration also
ensted With weveasing sefinement 1o the fixation and stainmg of
tissues their obsery ations hate sice been repeatedly confirmed
By 1940 1t had thus been frmle estali

fished that widespread vas
cular disease was mianably precen? mpatient 1w~ 2
apdsh 1oy

ot

« spieen Lhe
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changes noted were ‘medial hypertrophy, mtmal hyalimzation and
endothehnl hyvperplasin These changes were beautifully wlustrated
an the studh of Moritz and Oldt 1n 1937 (4) The question of whether
these changes preceded the desclopment of an levated blood pressure
was argued back and forth, and smce the evidence was based upoft
the study of autopsy materal the conclusion that the vaccular
changes of importance antedated the clesation of the blood presaure
could not be substantiated Lvidence wns Inching concermng the state
of the artenoles in hving hypertensive patients

The brilhant experimental work of Goldblatt (5) scemed to sup-
port the pont of view that vascular disease antedated the deyelop-
ment of hvpertension Goldblatt postulated that if renal \asculw
disease of consequence existed, this would result in & reduction m the
renal blood flow, which might 1 turn be followed by the development
of hypertension If this were true then it should be possible to simu
fate the effect of vascular disease and cause a reduction mn the renal
blood flow by partinl constriction of the renal artery with 1 metd
clamp That constrichion of the renal arteries did result mn the de
velopment of hypertension 1n anmals smulating the <o called essen
tial and malignant forms of the disorder m man 15 well known to ol
and has been repeatedis confirmed by many observers using the
Goldblatt techmque as well as that of Page (6) and others These ex
periments guve strong support to the theory of the renal ongin of
essential and mahignant hy pertension m man However they did not
conclusively prove that pre existing renal \aseular discase of conce
quence was the myariable preeursor of the hy pertensive state i man

The advent of the surgieal treatment of hyvpertensive cardioy wseubar
disease and the development of techmiques which permitted the gros
mspection of the kidneys and the obtamng of renal biopstes 1t opert
tion has gtven an opportumity to further explore the refation between
renal vascular disense and the hypertensive state i man Suice 1930
we have had oceasion to remove speeimens from one or both kidnevs of
many hypertensive patients for microscopic study This matertil has
Been evamined earefully by Castleman and m 1943 (7) 2 prehmmnars
repart of the findimgs n the first 100 cases w1s made A second report
of the findings m the first 500 (1ses was published m 1948 (8) 1ven
detadded study of this material 18 now 1n progress which witl correlte
the microscopic and chmenl findings This present report will sum
manze the evidence which has been aceumulated to date It boway
of 2 forcrunner of the much more extensive anabvsis which will <oon

be forthcoming
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The Grading of the Vaseular Changes an the Renal Bapnes

At finst e were omewbay concerned that taking a Yops) $rom the
kdney might result i postoperatsve comphieabion. So far as we bnow
there huné been nome 'The nopsies have Bren taben from ihe most
atzesybie porbon of the Laduer, namely the geenter curyelure at
ahout the yunchon of the upper snd muddle thirds A wedgeshaped
segment 1 Temoved averagng 6 X 5% 4 mm w nge The defert 18
Siled with penrens) fat, whach 15 held 1 place with twa gr three sith
sbotes Farh mactoscomts) section coptmns wbuat 50 tross sechions
of artenoles sed small axtenes

Ater a carehd study of the ficst 100 biopsies Costleman decided
that thete were enough differences 1n the vaccular changes to regwre
o grades for cla afication The pathologienl changes vaned a great
det fzotn none ¢ afl o verv severe wnd were graded from norma) 10
4 geordmgly, The pereentage of Wopses 1 each of the 5 grades
the st 190 and the first 580 ca s 15 given i Table 1 The changes

Taate 1 The Dstnbution of Renal Bigogy ¢rade

Per Cent
Biopsy Grae TR 000 Casty ¥t 500 Cases
T atholomusl changes A
non to mild
N 7 3
; 1 u
2 5 s
Tt E T
Pathoforical chanpes
moderate and severe
H s 0
o n
Tota) o =

T T e e e e

graded Lor 2 are egarded as tasmisand wed
wid and do wet o
fﬁ, :\lfﬁme;ld\; ca::e & marhed alteration 1 the renal h\oﬁ?ﬁl‘nz:
se graded 3 and 4 are regarded &g moderate and
2ppear Yo be wulient Yo compromse the 3 et T
tenal rculation T
examples of Buopsy Crades 1 throy et
bh 4 are dlustraty

? through 4 The close coprelation between the rce:(? 2 o s
kawing each af the hiopsy gra o e

't one kalf of th
mstituted persistent hrpertensio e patients hasing wel}
0y
of consequence b not hase renal wasular disease
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Ficcre$ Intmgl hyalimzation Grade 8

frovre § Intimal byperplasia Grade 4
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In the earls vears of this study 1t was our practice to take a bropsy
from one hidnes only More recently, we have obtamed a biopsy from
both hidness A studs of the matenal from the first 100 cases having
bilateral biopstes shows 4 vers close corrclation between the vaceular
changes m the two hidnevs This 1s indicated by Table @ This finding

Tarer © The Correlation between 100 Bilnteral Renal Biop ies

Biapsy Grade Per Cent
The same 7o
One grade different 90
More than one grade different 5

together with the fict that utopsy matenal mdicates that arterolar
disease 1n 2 hdnev 1s by and large v generalized process leads us to
belicve that 4 renal biopsy gives an adequate picture of the status
of the rcnal wwtemoles This belhef guns further support from the
split elearance studtes of Chasis wnd Redish (9) who found that the
deercise in the rate of glomerular filtration and effcetive renal blood
flow 1n hypertensive patients 15 <hared equally by the hidnevs

Renal Nunction and Renal T ascular Discase

Varous ardinars tests of renal function were carried out m ll
cwses These mefuded urmalvsis a urme coneentration test estimation
of phenolsulphonphthalem excretion non protem mtrogen determma
tions and mtravenous pyelography Of these varous tests the evere
tion of phenolsulphonphthlein admmustered mtravenously appeired
to be the most dependable mdicator of impared renal function If 25
per cent or more of the die was excreted m 15 mmutes and G0 per
cent or more 1 2 hours this test of renal function was regarded as
normal It was found that as the evidence of renal vascular discase
as judged by the biopsy matertal increased the percentage of cises
having normal renl function decrensed This 1s indreated by Tnble 3

Tastr § The Distnbution of Normal Renal Function among
the Renal Biopsies

Per Cent
Bapsy
Grade First 100 Ca es First 400 Case
N 100 9o
1 1 82
2 [i13 [}
58 L
: 7 17
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Renal Plasma Flow and Renal Vascular Disease

As o fusther check upou the accuracy of the biopsy gmdu;}gl 13 :«:mii
wist 6 determine the amount of blood flowing through et: l‘ne '
for the diferent buopsy grades Accordingly a small group o p'} lenn
were studed by the renal clearance techmque of Sruth (10) In '1?},
yubn and diodrast clearances were carmed out 1n 20 cases ¢
taopsy findings were vormal 1 2 patsents Grade 110 4 Grade 210
2 Grade 3n & and Grade 4 m 3 patients The average repal plasma
flow for each of the biopsy grades 1s given 1n Table 4 %s mght be

Tase 4 Renal Plastoa Flow for Biopsy Grades

Mool Aversge Renal Llasmo Flow
Bopey Cases (ex/mumnte)
e~ 2 w5
v 1 52
2 Ll 470
3 3 139
'Y 3 83

expected as the evidence of vascular disease mereased the renal
blood flow decreased 1t was also of witerest to note that the filtration
fraction was normal i 7 of ¥ cases having Biopsy Grads ¢ 1 or 2
Tt was amcreased n 6 of 31 cases havizg Biopsy Grades 8 or 4 Thesev
Bndizgs indicate that constriction of the efferent glamerular artenioles
1s 1ot necessanly present in the earlier stages of renal vascular disease

The Effect of Renol Vascular Diseose Cold and Posture
upon the Renal Blood Flow

The esttmations of the reral blaod flow referred to m the previous
section and summanized m Table 4 were made with the patient i the
horizontal position and under as weasly basal condstions as could be
obtaied Since 1t 15 known that 1 addition to vascular disease \aso~
constriction will also cause a reduction m the renal blood flow an
attempt was made 1n a few cases to study the mfluence of the upnght

posttion and of stimulation by 1ce nater upon the renal erculation
In studymg the blood pressure responses of hyperteusive patients
\n varous positions we h1ve noted that m certam cases the dmstalie
level rises sbnormally when the patrent assumes the upright posison

as judged by s comparsson of the average of fise readingg of the blood
Ppressure taken at one minute iatervals wth the vatient fivst |
and then standimg An average nse of o

20 wm or more i the upright
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Position appears to be abnormal As has been noted by Miaes and
Brown (11}, most hypertensiie patients hyperreact to stimulation
by cold as Judged by a bload pressure response n excess of 20/15 mm
to a one mmute pertod of immersion of one hand m 1ce water The
findings 1 4 patient studied for renal clearance whose blood Pressure
responses were bnormal to both change of posture and cold are
Mustrated 1 Figure 5 The renal blood flow likewise fluctuated a

Effect Of Vascular Disease, Cold, And Posture
Upon Renal Blood Flow

Renal B opsy
Grode 3

s30

100-
cec

) r
hiaald rrloms 1 FF OM6

Diodrast

100 W clulin Clenronce
LR BP+} £~
FF 0264 Ipe®
o 1 Y
o e ST e L _FFOZO . 7T e
0 Inulin e
Clearance RIS
5
Horizontal  Position j; _'_IHanzonlnl Position
1) t v 5 30 5o s s

Time~ Minutes
Figune 5 The effect of cold and posture upon the renal blood flow m a patient
having renal vascular disease Grade 3 1s llustrated by this figure In rcspun;e
to the immersion of one hand in 1ce water for 1 munute with the patient m the
horrzontal position the renal plasma flow decreased from 400 to 250 cc/mmt
One half hour later the blood flow was still reduced At this pownt the pn\;;‘n
was tilted mto 2 foot down position for 5 minutes The renal plasma %W
decreased to less than 100 cc/min and then returned to the base lne m the
course of 20 additional minutes This indicates that physiological factors may

cause a strihing feduction 1 the renal blood flow

great deal under these conditions of study from the highest level
noted 1 the horizontal position Stimulation by cold caused about 1;
50 per cent reduction folfowed by 2 sfow recovery to the conh:
level which was already considerably decreased below normal ;‘ e
honizontal position because of remal vascular disease Gradekgd n
assumphion of the upnght position caused an even more marked re
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uctson m the blood flow spprouimating complete wehemia It was
\otended to combrne the cold and postural stmuh but this was net
done because of the strifang effect of posture lone on the urian
output

These studies were carned out by Dr John Tnlbot (12) and were
brought to a premature ending when he entered the army 1w World
War TI Facilities for continumg these obsersations have not been
avalable since While the evidence 13 madequale to permit sny con
usions the findmgs suggest that physclogpeal factors may pro
foundly mfiuence the visceral blood flow apd mav be of fundamental
importance While 1t has never been <hown that <planchnicectomy
affects the renal blood flow when measured 1n the honzontal position
1t 1s concervable that followmng operanon downward fSuetustions s
the blood flow mght be mimymzed This would merease the blood fow
by decreasing the penods of venal ischemua and mught wfluence the
renal humoral mechamsm The prneipal reason for presenting these

wmeomplete data 15 that some myestigator may eave to pursue the
matter fusther

The Relaton betueen the Development of Hypertension
and Renal Vascular Disease
Oe of us has had oceasion to studs sotme 3000 patients representing
all stages i the develapment of hypertensnie cardiovascular disease
In general this has resulted 1n the unpression that vascular disease of
consequence as Judged by careful clmical study af the cerebral
retinal cardiae apd repal areas rarely 15 present until the blood
pre sure levels have been cansistentiv elevated for o conuderable
period of tune It also seems quite certamn that in the vast majonty of

cases persistent hypertension 15 preceded by years of mtermittent or
transient hypertension It also seems highls meah BT

nyperreactors by Hines undu Brown

Dy tar the greater part of our bio
sy matenal s fr
{ong standing persistent hypertension and asc ra o o

‘quence i one or more areas Ye hatve rarel.

v veen wassihed as normotensme

ular changes of conse
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position appears to be abnormal As has been noted by Hines and
Brown (11), most hypertensine patients hyperreact {o stimulation
by cold 1s judged by a blood pressure response 1n excess of 20/15 mm
to a one minute perod of immersion of one hand m jee water The
findings m  patient studied for renal clearance whose blood pressure
responses were abnormal to both change of posture and cold are
Mlustrated s Tigure 5 The renal blood flow Mhewsse fuctusted a

Effect Of Vascular Disease, Gold, And Posture

feao Upon Renal Blood Flow
Renal Biopsy
350
Grade 3
100
€
¢ N T
e-r  rroiwes T FF o6
i Diadrast i
200 W+ ¢ ulu ’ Clearance
' -’ ] Pl‘ # T
FF 0264
90- 3
B e — A B o o L Ll mvnn .
s0 Iouin
Cleoronce
o
[ Morzontol  Positien }: I”‘" zontal E
5 e 3 3 ] CJ 2 -

Tine—~ Minutey

‘aune & The effect of cold and posture upon the renal blood flow n & patient
fnvmg renal vascular disease Grade 3 15 illustrated by this figure In xespml\;!
to the immersion of one hand m ice srater for I mmute nith the patient m the
horizontal position the renal plasma flow decressed Irom 400 to 250 cc/mm‘
One half hour later the blood fow was stll reduced At this pomnt the paties
was tilted mto a2 foot down position for 5 minutes The renal plasms ﬂl;]w
decreased to less than 100 ce/mun and then retumed to the base lme m the
course of 20 additional minutes This indicates that phy siological factors may

eause & steibhing reduction m the renal blood flow

great deal under these conditions of study from the highest fevel
noted 1n the horszoutal pasttion Stumulation by cold caused about 4;
§0 per cent reduction followed by a slow recovery to the mnuhoe
level, which was alread; conssderably decreased below normal ;n t&n
horizontal positwon because of renal rascvlar disease Gmdeked

assumption of the upnight position caused an even more mashed re
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devclopment of hypertension It seems more Thely that in most easts
the vascular changes desclop along with the hypertension and are
pantly ot least the result of st The fact that at death renal vascular
isease of importance 15 rarely absent n hy pertensive patients seems
to confirm ths niew
Ouls 3 per cent of paticnts dying of <ome comphication of the dis
arder had no evidence of renal vaseular disease m the senes of Montz
and Ot white Bell and Clawson (18) reported that renal artenolar
clerosis was absent m the small erteries of 10 per cent of thar 420
caces 1t ts of 1nterest that the conclusions drawn by these two seis of
authors regardmg the relation between renal vaseulr disease and
hvpertension are exactly opposite Montz and Oldt felt that ther
data favored the theors that resal vascular disease preceded hy perten
sion Bell and Clawson stated that on the whole the evidence seems
to favor the hypothesis that hy pertension causes renal arteriosclerosis

Voe feet that our data offer strong support of the view of Bell and
Claw on

The Relation between the Seventy of Hypertension
and Renal 3 ascular Discase
1f one divsdes hypertensise patients according to the seventy of
the duastolic level 1t 15 found that the igher the level the mare fee
quently & renatl sascular disease of inportance present m the biopsy
materal This finding further tends to confirm the view that the
vascular changes are the result of the hypertension since 1n the eathest
stage apd i the mulder forms renal vascular changes of importance
ste abeent 1 the magomty of eases while m the more severe forms
of hypertension thev are present 1n most cases No doubt there 1s also
a relation hetween the duration of hypertension and the development
Taste 6 The Relation between the Serenty of Hypertension ag

Gauged by the Duastalie Blood Preseyrt anl
_ Renal Vascular Disease

Seventy of Percentage Having Renal ¥ ascolsr Disease
_eentage Having Renal Yascolsr Dieease
Hypertension None ta M 1t Moderste 1o Severe
Intermttent 5
Pezsistent. s
Duastol ¢ blood pres-
sure §0-100 ™ L0
D astolic blood pres- i
sure 110-139 mm k.14
Duastofblood pres- o
sure 1404+ mm 29
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patients degenurate Because this has occurred or beeause of svmp-
toms difficult to control othersise or because of the unusual seventy
of the upward fluctuations, often simulating piroxy smal hy pertenswon
splanchmucectomy has been performed n 28 such eases having renal
biopsies The vascular changes in these cases may be compared with
those noted 1n patients 1n = later stage of the disorder This matenal
c1n also be compared with that obtuned from bs pertensiye patients
dying of some complication of the disorder and with autopsy matenal
obtamed from normotensive patients

Taprz 5 The Relation betneen the Development of Hypertension and
Renal Vascular Disease

Percentage Having Renaf Vascular Disease

Matera! Studred None to
Mid Moderate Severe

100 normotensive patients

{Montz and Ofdt 1937) 3 2 0
28 patients with intermittent hyper

tension (Smsthwick and Castlemean) 75 2 o
«00 patients wmith persistent hypertension

(Castleman and dSmuthwich 1948) 45 11 1

100 patients dying of hy pertensne cardio

vascular disease (Montz and Oldt 1937) 17

These findings tre gnen tn Table 5 We have used the statstes of
Moritz and Oldt to compare With our two biopsy groups It is evident
that normotensive patients do not have severc repal vascular disease
at autopsy DPatients who have beet operated on m the stage of inter
mittent hy pertenston so far have not had severe pathologieal changes
i the renal arterioles Moderate vascular changes were noted m 2>
per cent of these patients 1n contrast to 2 per cent of pormotensive
patients indieating that sasenlar disease of eonseguence Was begin
wing to develop It should be emphasized that m 75 per cent of the ¢
patients renal vascular diserse nas absent muumal or mld and not
sufficient n otir opiion, to be regarded as of smportance When hy per
tension has been consstentls present for years over half of the
patients show renal vascular discase of consequence the changes be
g modertte n 44 per cent and severe m 11 per cent The surprising
fact 15 that neardy one half of these patients have no changes or shov
the disease graded as mmnmnal or imid

These findings are mterpreted as not bemg consistent with the
theory that renal v ascular disese of consequence usualls antedates the
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SURVIVAL RATES FOR RENAL BIOPSY GRADES
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Fioure 8 The data summarized m ‘Table 7 are presented m the form of sur
vival curves 1o this Sgure Sice the mostably rates for Grades 1 and 2 renal
biopsies are essentially the same one sutvival curve has been constructed for
these two grades Jt 15 apparent that there 1s s yelationship between the grade
of renal vascular disease snd the survival rate The proguosis for patients
having Grade & renal vascular disezse 15 much pooter than for patients baving
changes which are less severe bewmg best of all for those baving no renal
~vascular disease or Grade 1 and @ changes as mught be expected

vaseular changes ranging from moderate 1o severe were present in 55
per cent of the cases The fact that 45 per cent of the btopsies did not
Tevesl vascelar changes of importance mdicates that renal aytenolar
sclerosis suffieient to compromuse the renal erculation does not in
variably antedate the hypertepsive state m man These data do not
seem 1o support the theory that rena) arteriolar scierosis 1s the usual
eatise of essential and mahgnant hypertension 1 man It 1s possible
deed hughly probable that much of the vascular change noted i
55 per cent of the cases developed after the onset of persistent hyper
tension

2 Renal biopstes were taken from both Lidneys of 100 patients The
vascular chinges wete the same i 75 per cent one grade different
20 per cent and more than one grade different in & per cent Thus
Abe grade of ascular disease 10 the Lo bidneys correlsted closely in
9o per cent of the eases This 15 interpreted as wodicating that a Ldney
biopsy smalt as 2t 1 gives accurate mformation sbout the status of
the venal axtenoles and small arterses of o iven pabient Tt also wmdy
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of renal vascular diserse, but this cannot be demonstrated becawe
the vast majonty of patients with hypertension have no accurate
concept of its duration We have arringed our patients according to
the seventy of the diastolic level and have caleylated the pereentage
of cases 1 exch blood pressure eategors having renel vascular changes
sarying from none to mid as well as from moderate to sesere Patrents
with mtermittent hy pertension have diastolie Jevels commonly sbose
99 mm when nctive, but have levels below this when at rest Patients
with persistent hypertension are divided wto three blood pressure
zones according to the Jowest diastohc level recorded for each patient
The findings are grven m Table 6

The Relation betueen Renal Vascular Discase
and Mortality Rates
The prognosis for patients with renal sascular disease vames ac
cording to the seventy of the changes noted n the renal biopsies As
mght be expected, the mortality rate 1s lovest for those patients
having no vascular changes The mortahity rates for patients having
Grade 1 or 2 biopsies 15 atmost 1dentic1l For Grade 3 biopsies the
mortahty rate 1s much higher than for the Jower grades and s hughest
of all for Grade 4 These findings are gnven m Table 7 Because the

Tavre 7 The Mortakity Rates for the Varous Renal Biopsy Grades

Per Cent
Renal Biopsy N\a of Mortalty
Grade Cases -9 Years

N 20 &

1 85 19

2 129 18

8 244 80

4 43 54

mortality rates for Grades 1 and 2 do not differ greatly the survial
rate for these patients 15 expressed by one curve and that for the
ather grades 1 separate curves These are shown mn Figure & It
apparent that the prognoss for patients having renal s aseular changes
ranging from none to mild ts significantly better than for those having
changes which are moderttely advanced or severe

S y and C
1 A studs of renal biopsy matersaf taken at operation upon 500
patents hrving long standing persistent hvpertension reveals that
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DR pARRY GOLDBLATT As a rule when mvestigators differ, 1t 15 ot
on the bawis of thew data 1f thev differ 1t 15 usually about the mter
pretation of the data From the presentations of Dr Bell and Dr
Smuthwick I have obtamed considerable comfort

Dr Bell for example stated very clearly in the begmnng of hus
tall. that by far the most pronounced vascular disease of real sigmtfi
cance aflects those vessels that he calls the Jarge and small arteries
and not <o much the artertoles except, of course 1n the more advanced
stages of the condition

He talked however about arterioles and he did not say ruch about
the large and small artertes I think that they are of the preatest m
portance Dr Castleman and Dr Smithwick s observations tell us
absolutely nothing about the large and small arteries Yet functional
Iy they are of great significance

I also derrve great corafort from the observations of Dr Bell to the
effect that 1n the normal group there 1s a considerable amount of vas
cutar diserse T should have been disturbed had he stated that in the
normal groap there was no vascular disease and that 1t aceurred only
1n the hypertensive group Then the only justifiable conclusion would
have been that hypertension comes from some uphnown cause and
that t in turn causes vaseolar disease Thns 1 do not believe There
1s evidently a gradual transthion from normal {o hypertensive Vas
cular disease begims to develop i percons with normat blood pressure
and 3t affects not only the artemoles but also the small and Jarge
ntrarenal arteries

I derive comfort for example from the two shde:
wich showed wn which although hus mterprelastwns:fhiieb :m?s‘:\\tl::le
relationship 15 different from tume, yet he did shaw that vascular
disease of one degree or another ocourred 1 most of hus h N
patients T consider that by the exy ° hypertensive

mwation of a very small porhion

218
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eates that vascular disense when present m the kidney 15 by and largea
generbized process and that the two ldneys are damaged equalls

8 It was found that s the evidence of renal vascular disease m
erensed, renal function decreased as judged both by the phenolsul
phonphthalemn test and by quantitative measurements of the renal
blood flow Severely compromised renal function was particularly
apparent i the cases having Grade 4 biopsies

4 Vasoconstriction resulting from stimulation by cold and by as
sumption of the upright position mav cause a marked reduction m
the renal blood flow It 1s thus apparent that phy siological mechansms
as well a5 pathological processes may severely compromise the renal
crcujation

& Tt was found that 75 per cent of the biopsies from patients hay
ing antermittent or transient hypertension faed to show vasculir
changes of importance If renal vascular disease of consequence ante
dated the hypertensive state 1n man 1t would be expected that the
gret majonty of the biopsies from patients mn this stage of the dis
order would show such changes In the later stages of hypertension
and 1n the more severe forms as judged by the diastolic lesel the
percentage of iving cases showing important grades of renal vascular
disense mncreases Renal vaseular disease 1s most marhed m hyperten
sie patients dving of some compheation of the disorder and least
marked 11 1utopsy matenal from normotensive persons Thus rentl
vascular disease appears to develop m an orderls fashion as one
studies matenal from normotensise patients and from patients in the
early thelater and finally the terminal stages of hypertensive cardio
vascnlar disease This mdicates that most of the « wscular disease must
develop along with the hypertension and since it does not appear to
antedate 1t 1t presumably 1s largely the result of the elevated blood
pressure There no doubt are occasional exceptions to this stitement
but 1t 1s belicved that this view holds for the great majority of eases

& The progross for patients with hypertensive ¢eardioy ascular
diserse 1s dependent to 1 Jarge extent upon the amount of eardiovasey
1nr damage present at the time of the onginal observation or the
onset of treatment With repard to the renal area 1 particular the
more marked the renal vascular changes the higher the mortality
rate The prognosis for patients with vascular changes graded 3 apd
4 15 much poorer than for those having lesser degrees of or no renal
vascular disease
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n I vessels throughout the sp The changes are not
present 1n every vessel You reslly bave 1o hunt for what we eal}
Grade 1 You cant see 1t under low power You have to use high
power and you have 1o search for 1t Low may find 1 vessel 1 many
sections When we first published these data Dr Montz who held
the dimetmeally opposed view was good enough to go over our
matenal He changed the grading of some of the biopuies sayng that
they had been graded too severely I think there 1s really very good
evidence from our matenal and from Dr Bell 5 to indicate that m the
early stages of hypertensive cardiovascular disease the degree of
vascular damage 15 inconsequential and the degree to which renal
function aud the renal blood flow are affected 13 also mconsequential

It waz my understandig from reading Dr Goldblatt s work verv
carefully and many times that when he concesved his expenments
which everybody concedes constitute one of the most brlliant de-
velopments i this field they were based on the concept that not large
artery disease but artenolosclerosis sufficient to produce renal ischermia
antedated the hypertensive state

When he concetved these expenments which sumulated rens] vas
cular disease through the clampiog of the renal artenes in such a way
as significantly to reduce the renal blood flow that was s concept
1 way be entwrely wrong but I believe that 1s what ke wrote I feel

that his view 13 not m Leeping with the facts which Dr Bell and I
have presented ting morning
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of the periphery of the cortex one cannot make a very good estimate
of the state of the entire renal vasculature and especially of the hemo-
ds namic state of a kidney

There are mdications, however, from the presentations of Dr Bell
and of Dr Smithwick that there are changes m other parts of the
vascular bed, especially 1n the large and small intrarenal arteres and
my belief 15 that there 1s a causatrve relationship between the vase
lar disease, which 1s primary, and the hypertension

o ELEXIOUS T BELL I believe that the biopsies which Dr Smith
wick took are amply sufficient to determine the degree of muolve-
ment of the artenoles and preartenocles, but perhaps not that of the
small artertes We should not get any additional wformation from
examining the small arteries, sinee they show mntimal disease m prac-
tieally all normotensive persons over 50 years of age If the biopsy
shows s many as 10 afferent artenoles, 1t 1s adequate

As regards the interpretations, we have given our dats, and you
can draw your own conclusions How can mtimal disease of the smalt
artertes be regarded as the cause of hypertension when 1t 15 present
often mn a severe degree, 1 practically all normotensive persons over
50 years of age? Over 20 per cent of those who die of primary hyper
tenston without renal msufficieney show no renal arteriolosclesosis This
15 2 strong argument that hypertension may develop and contnue
I the ab of renal arteroloscl

It would be of great interest to see a second btopsy on Dr Seuth
wick's patients after a period of years, to determme whether the vas
cular disease progresses less rapidly wn those who are benefited by
sympathectomy than in those who do not respond favorably

1 think that Dr Smithwick can later on gne us a good deal more
mformation about the progress of this disease

pr surrawick I naturally am not able to spenk with any au
thority on the subject of pathology but 1t 15 my understanding from
what I have read of Dr Goldblatt’s work and from the very excellent
discussion of this topic by Moritz and Oldt n 1937 that vascular
disease precedes and presumably 1s n mportant cause of hyperten
sion T have gathered the impression, and I hope not erroncously that
all of these people were talking about renal vascular disease of conse
qguence not these very mimmal or mumor chauges that I have shown

Tt 1s the opinion of Dr Castleman and Dr Malory that these very
munor changes, as Dr Bell has shown, occur m normal people It s
not remarhable therefore, that a certamn percentage of people with
hypertension should show these very mmor changes graded 1 or 2
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Our first case was a 37 year old physician who had developud a
severe alburminuna with hydrops five vears before hus death i uremny
accompanied by hypertension In 1927 he came to see me He had »
moderately severe edema asailes and mid hydrothorax The urime
was examined on BUMmErous 0CeAslons VETy carefully and never showed
more than from 1 to 3 ted blood cells m an oceasional hugh poser
field Most of the Ingh power fields showed no Ted blood cells A few
(520 per hp feld) pus cells were always found 1 the unne There
\were numerous hyaline and granular casts the speaific gravity ranged
from around 10630 to 1036 There were numerous highly refractive
small globules 1 the unne apd the plasma was hpeme The daly
output of albumin as measured with the Tsbach yanged around 10416
gm per 24 hours The serum albumin was 2926 gm per cent The
serum globulin was 18-25 gm per cent The collaid osmobic prus
sure caleufated for this plasma 15 9-12 mm Hg The PSP test
showed an output of 45 per cent sn one hour and €4 per cent i two
hours when the bladder was washed cut with saline in order ta
coltect all of the dye that came down from the hidneys duning the
test periods ‘Lhere was no sign of any renal insufficiency a3 mensured
by the concentration test after correcting Tor the albumin effect on
the untary specfic gravity The blood uren nitrogen was 18 mg per
cent The blood cholesterol was 840 mg per cent Blood pressures as
taken by me ranged between 114 and 126 mm g s3 stolie and between
76 and 82 dustobe After careful study the dragnasis of chrome
genume nephronis was made
R;T:!:)l‘ltf';‘;s‘::p:‘;:; c:;ﬁ;;n(e:enner a six months observation 1n the

patient was very thoroughly studied
w 1929 The late Dr John Phalipps of the Cleviland Chinie siso
studred this patient 1 1929 and confirmed the thagnosis of chromie
;frn:nne or :l[;cmlc nephrosis 1 examined this patient s unne with my
g 8 hem ¢
In
{w

$ vicasion and the PS

f,c.; :::'t :: 01}1\&;10111' and 87 per cent 1n two hours Tn July 1;:““':: tfx?:
¢ hdne} symposium at the Unive

pitient was chown o Professor Volhard ;; gc‘:n:rfymx::(‘]lmh e

m3y surpnse and chagnn the hlood pressure ranged nrotxl“n‘:lchléoo



by GEORGE L FAHR

The Mechamsm of Hypeitension m
Chionic Genume Nephiosis

Ihvaerrension develaps when the cweulation through the hidners
s eaperunentally obstructed by means of clamps on the renal vems
or artenies (1, @) These are & ber of pathologienl
that obstruct the urculation gomng through the hidnevs with a result
mg production of renal hypertension The best known mechtmsm 1s
the obstruction of the renal circulation brought about by cndotheln!
cell proliferation within the ewpillarws of the glomerult w acute and
chromnte glomerulonephritis I shall discuss today the mechansm of the
production of hypertension in cases of subacute and chrome genune
or Jipemuc nephrosis, because this mechanism 1s not widely understood
s yet

The hterature shows hnonledge of the fact that some csts of
chronic genune nephirosts esentually develop hypertension but the
mechimsm was never Juedated probably because the Malors
Herdenhaun azo carmune stam was not used m studving the glomerul
and Bl wnd Goldblatt s work on expcrmentally produced renal byper
tension was still unpubhshed * VMahing use of the Mallory Herdenbun
azo earmine stam Dr L T Bell (8) showed that i chrome genume
or Iipenuc ncphroots w adulls one sometimes finds focal or m most
eases, & vory moderite degree of diffuse thichemng of the basement
membrane of the glomerular capillines It was not unbi 193¢ that
we became aware of the mechumsm of hy pertension m chronse hipoid
nephrosis through the stamming of the hidnev sections +sth azo
cwnune stamn and from the results obtamed n producing hyvper
tension m anmals epertmentalls by throttlmg the ewculation
through the hidneys

*Some of Th Fabr s sllustrations (in Henke-Lubarsch Handbuch d Path Smatorue
Yol VI1) of the glomeruli 1z chrome Lpemie nephrosts stamed with hematoxybn anl
cosin undoubtedly show the thick of the L but were not accursteh
interpreted by hun m 19%
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systolic and 110 diastolic There were at this time no red blood cells
m the urme There was very little edemn present The patient did not
concentrate s urme beyond 1018 after correcting for the effect of
the uninary alburmin on the uninary speafic gravity Despite the fact
that there was no hematuria, Professor Volhard would not sceept the
diagnosis of chromic genwine nephrosss, preferring to call the cate a
subchronic glomerulonepbritis During the next year the blood pres
sure rose steadily, and at the time of the patient’s death 1n July 1932
1t ranged as hugh as 950 systolic Shortly before his death a ereatinne
clearance test showed onlv 10 per cent of normal clexrance The patient
died of heart falure and uremin There was marhed enlargement of
the heart, and the hiver was shightly enlarged from passive congestion

The autopsy revealed no edema, no cyanosis, no jaundice The pen
toneal cavitv was free from flutd There was 300 cc of straw colored
flwid m each pleural cavity There was 2 normal amount of pencardual
flud The transverse dinmeter of the heart was 15 em, whereas the
normal diastohie transverse diameter for a man of his size 15 128 em
The heart weighed 500 gm The valves were normal The aorta showed
a small amount of atheroma The descending branch of the [eft coro
pary artery was marhedly sclerotic The myocardium showed no
fibrosis or softening The lungs showed marhed edema on section The
right lung weighed 800 gm and the left 750 There was some conges
tion of the spleen The liver weighed 2000 gm and showed shght pas
sive congestion The right kidney weighed 100 gm and the left 125
There was a granular appearance after the capsules were stripped off
and they were moderately contracted otherwise normal, on macro
seopic examimation There was moderate atherosclerosts of the abdomt
nal aorta Dr Bells dingnosis was “hpod nephrosis with uremiz,
coronary sclerosis edema of the Iungs, pleurd! effusion, hvpertrophy
of the heart, and shght passive congestion of the liver On mucro
stopic exammation it was noted that n very Jarge proportion of the
glomerult were hy aline and therr associated tubules marhedly atrophic
The persistent glomerul showed 2 marked thickening of the capillary
basement membrane The process of obliteration of the glomerul: was
a thickening of the basement membrane There was no mcerease 1n the
endothehal nucler

In Iigure 1 we see a photomicrograph of three of the glomeruli m
this case stained with azo cvrmme stam There 1s 2 remarhable thich
equng of the basement membrane of such a nature that most of the
capillaties are nearly completely obliterated and the glomeruli hyalin
1zed by the thickening of the basement membrane In this exce the
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8000000 After
E“u‘m“?h“m N lt::‘:lre‘:;uc'rtxn“;:)::htsl\:alt:;\oglDlnn and red
this pertod there was very o the

te the deselopment and merease of uremic poiso!

::\’::(; ('li?;l:b?ood prr-ssm: on entrance was 150/100 1 year l‘;‘tcr‘ W ;\a;
1807130 Toe BUN on entrance was 20 mg per cent At the :;1 of
death 18 months fater 3t was 139 mg per cent with cregtiine 7 m\g
per cent ‘Twenty seven out of 112 ‘microscopic” examinations of the
unnary sediment showed no red cells present Tineteen examinanons
out of 112 showed B-1 red et 1n hugh power Helds Tiftcen examna
toms out of 132 <howed 1-3 ted cells per Ingh pawer fild Twelve
TICrescopic of the urmary sediment showed 2-3 red cells
per high power field Two exammations showed - three examina
s howed 5-8 one examination showed 6-10 and one examination
showed 15-20 The average nunmbir of red eells per gh power Beld
was 1-2 for 117 examuations If we remember that the unoary out
put during these exarmnations was onl¥ 2a0-500 cc 1t 24 hours we can
see that this uninary scdiment was three imes as concentrated asm a
normal unne volume Therefore we should disude the number of
cells in the unnary sedhment by threr to ged an estimation of the

number of red cells wn hs urme Tn ather words these was very hittle
any hematuna pre ent

The PSP test on entrance was practically normal (45 per cent
for two hours) ¥ \t the tune of death the test was too bght to read
The coneentration test on entrance was normal Yalang o considera
ton the effect of the albumn 1 the uzme At the time of death the
spearfic gravity of the urme was 1014 with a protem content of 3 per
cent whuch would make the unme practieally ssosthenune The ongmat
<himieal & was subeh glomer bt with a very strong
nephrotic component, At the time of this patsent s death we supposed
that he had had a very nld degree of hematuna which caused us to
‘hesttate in making this 2 ease of pure genuine nephrosis If we assume
that this pavient Yost 34 cu mm of hss blood per 24 hours n 309 co

of unine then the sediment 1m 2 15 ce centnfuge tube would contam
80000 red blood cells and search with g i h

dry leos giving a magm
fication of 250 would give 2 scattering of red blaod eells vers much
Bke what gur Waboratory found m the 122 exsammations of the wrinary
sediment A outpuy, of 1600000 red cells 1n 2 24 hour specimen of

Euh exomnstion ronsisted n the soxn
tam g on o

e

Th
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majority of the glomerult arc very much Like these three, but ther
are other glomerul m which there 1s more passagewsy for the blood
1s shown 1n the capillaries of Figure 2 The lymen m some of these
captllaries 15 cut down to less than one half the normal diameter
which creases the resistance to the blood flow 16 tumes, according
to Poiseulle s law The fumen of each capillary 1n Tigure @ has its own
Bell Goldblatt clamp put on by the thickening membrane Figure 2
15 2 photomicrograph of 4 scction of hidney of my second case but
shows well the membrane thickening s found 1 about 20 per cent
of the glomeruliin Case 1 In fact the patent glomerult m Case 1 look
evactly ke the patent glomerulr in Case 2 It 1~ to be noted that the
total filtering surface mn these hidness 1s remarkably reduced because
most of the glomerular capillanies are closed or nearly closed

It 15 easy to see from these slides that there was a remarhable ob-
struction to the flow of blood through the glomerult and a very great
reduction m the filtering surfacc We beliese that the hy pertension was
determined Dy the throtthng of the blood flow through the kidnevs
The renal msuffictency was produced by the marked reduction mn the
filtering surface as well as by the slowing up of the circulation volume
through these hidness

The next patient was a 45 ye1r old man who had six months pre
viously developed o decrensed appetite and edemn Tour months be
fore entering the Mimneapolis General Hospital he had noticed oligunt
puffiness of the face and eves and severe edema of the legs Albumi
nurit was present bhut no mcrease m the blood pressure over 110170
mm g systolic was found by Ius private phyvsician Three months be
fore entrance to the hosprtal he des cloped swelling of the abdomen and
dyspnea, both of which mcreased gradually The systolic pressure rose
to 150 mm Ig toward the end of this period and he was sent mto the
Minneapolis General Hospstal in September 1930 The <y mptoms had
all developed gradually The patient had been an bed at home for 4
months Throughout the next 18 months he entered the hospitl five
times for pertods of from 2 to 4 months, excepting the last admussion of
2 days when he was defimtely m urema

Physical examnation on us first hospital admussion rev ealed a some-
what pale man with swollen eves and face The abdomen was much
distended with flnd There was marhed edemn of the legs and serotum

The urme showed 44 albummn specific gravity 1031-1034 Other
findings were as follows Daily output of albumm m urine 5-20 gm
Gerum albumm 21-24 per cent Scrum globulin 2 4-28 per cent
Hemoglobimn 98 per cent on entrance 7 months later 60 per cent



pasop £jaadutod jou

prded Lagus 10y yept] q
wousaywdew daySn( 2opun soppaanol Sqiouy £ 9 8D
aaaw s Soupry Lrploaw sepnqny 93wIPOL FIUTIUIIU JUIWIFT

3 } taay Huf 50s100 wspduy
{ygu) | auads] IOOWS PUT aZzu] Ljeardodasivnr
AAD Y ynawod ony § IETH (R} § sratty

223



292 A Symposium on Hypertension

urme 1s far below what Addis has found m the Intent stage of many
cases of chrome glomerular nephritis This 1s also my very much less
cxtensive experience At the present time I should hold out for a
diagnosis of chrome gemnne nephrosis with perhaps some shght
tendency to endothelial cell prohferation 1 the glomerul

The autopsy revealed normal sized, pale Lidneys, with diffienlt
stripping of the capsules There was no mecrease n endothelial cells i
the glomerular capillaries * There was a high degree of thickening of
the basement membranes of the glomerular capillaries causing &
marked throttling of the kidnev circulation There was a high degree
of tubular atrophy, and ~pproximately 50 per cent of the glomeruh
were hyalmized This 1s a typical picture of pure genuine nephrosis
marhed thichening of the capillary basement membrane consequent
decreased circulation through the hidneys and a decreased glomerular
filtration surface, marked atrophy of the tubules and hyalimzation of
many glomeruli, and no increase mn endothelial cell proliferation
Tigure 2 shows a photomicrograph of the Kidney

My third cise was 1 47-year old man whose symptoms began
December 1930 with fatigabiits and lack of appetite Then mid
cdemn was noted with moderately severe albummurna, i February
1931 Ihis private physician assured me that his blood pressure had
been around 120-130 systohe until the end of Apml 1931 when i
edema became more pronounced and his abdomen began to show 2
marhed swellng The dagnosis of his physician was asetes The
diaphragm was pushed up by the ascites and the pattent complamed
of shoriness of breath s blood pressure was now n the neighbor
hood of 140 systolic The family physician said that all this time there
was heavy albuminuna but no hematuria microscopically He entered
the hospital on May 5 1931, with an enormous ascites and dyspnea
In nddition there was pittng edema of the legs His phenolsul
phonphthalein output 1 two hours was &5 per cent Urnmne examina
tions showed « specific grivity of 10301040 There was 3—4 per cent
of albumin 1n the urine Some urme spectmens showed no red cells on
microscopic examination Some shoved a few red blood cells Red
blood cells were more frequently absent than present mn quantities
designated as few * There were an mereased number of white blood
cells 1n the urine 1t all times There were many hyaline and granular
casts at all tunes The blood non protem mitrogen was normal until

*Endothelial and epithelial cell prolferation are the accepted istological entena
of glomerular nephntis!
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1slacking Ths physimans said on 1nquisy that he developed high blood
pressure and wremi hefore he died One case scen consultation
would satisfy the chncal defimtion  but hgh blood pressure was
present at the time T first saw him There 1s thercfore no evidence
that the blood pressure was normal before the onset of nephrogs Ths
blood pressure wag then oniv midly elevated 1 2 years it became
sery hagh Death was m uremia Microscopic exammation showed
gomerular basement membrane thichening but no endotheliat cell
probferation One General Hospital case of mme showed mild Ly per
Yension on entrance Again proof of normal Waod preseure betore the
onset of nephross 1 lackmg, She ditd € years later sn uremia Txam
PR

N L T S

snowed tipicat basement membrane thichentng but no endothehal
cell probferation Dr Bell classes these 4 anatomcalhy 25 hpeme
nephrosis

1} these 4 cases are accepted my matenal shows that at least 22
per cent of my cases of chromic gepume or Lipemie nephrosis developed
hypertension On the other hand I have no follow up mformation on
16 of my patients and there 1s no prospect of getting 1 3§ ne accept
the 7 cases a3 chrome genume nephrosis and base the calewlation of
the incidence of hypertension on the 15 eases wiich I bave been gble
ta follow there 15 & 47 per cent mnerdence of hypertension m chrome
genwine nephrosis As the average age of the patients was about 89
sears this is Tore than three nes agher than the mesdence of hyper
tension m the population of this age n the country This 1s, my
opinton one more proof of the thesss that thickemng of the b:;sament
membrane m chrome genume nephrost causing obstruction m the
¥rdney crrculation 13 & cause of the hypertension seen 1 chrome
rennme nephrosss X6 we yemember that obstruchion im the Lidne
cirenlation s here demonstrated would undoubtedly came h ey
::n:}lan akmil1 if we remember that there was no anatomucal m@:e

eése Kidneys to

N s‘:p ps()\zrgggrl & duagnosss of hypertension onr thes
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five d1ys before the patient’s death on August 18, 1931 Tt rose 1o 55
mg per cent on August 15 and was 95 mg per cent on August 18
the day of hus death In my opinton, he dred of mantion His wreerge
duly ealore mtake was 400 for three months, as determmed dah by
the head dietitn of the hospital His blood preseure on May 5 1931
ws 1487102, and was 168/100 on Mav 8 Tt remawed m this sange
unts shortly before s death, when 1t dropped to 180/80

Figures 3 and 4 are photomicrographs of his glomerali They skow
a moderately severc degree of diffuse basement membrane thickemng
but no endothelial cell prolferation There was a verv moderate de
gree of tubular atrophy  The heart weight was normal This is a ease
of pure subnente genune nephrosis without any doubt, m which &
moderate degree of b} pertension developed during 2 peniad begmung
about 3 months after the onset, death occurnng from mamtion 7
smonths after the onset The mise m blood non protemn mitrogen a week
before us death was probably due to the premortal body protem
destruction of severe starvation s well 1 & moderate degree of renal
msufficrency an the Jast fen weeks of his hic

These 3 cases of ‘pure’ chrome genume nephrosis are as good ev1
dence for the thesis thet o throttiing of the arenlation through the
kidney s results m hypertension” as the cxpermments on ammals mih
ang use of clamps on the renal arteries or vews In the first case high
blood pressure deyeloped 4 vears after the onset of nephrosis and 1m
creascd throughout a period of 1 year There was no evidence from
small artery and arteriolar sclerosss of the kidney to stpport a di1gnosts
of essential hvpertension In the second case the nephrosis started at
a time when the blood pressure was normal Within 6 months hvper
tension developed, and it increased in the next 18 months There was
no evidence in the renal vessels to support a diagnosis of essential
hvpertension In the third case hvpertension showed up 8 months
after the onset of the nephrosis and mereased i mtensity m the nest
4 months The hudnevs showed no eudence fo support & dignoss
of essential hy pertension

Thue uptonow personally seen 31 cases of chrome nephros:s tha!
will pass my very mgorous climeal definttion of chrome genune nephre
o Therefore, 10 per cent of all my cases have developed hy pertension
There are 4 ather cses of mie which ¥ have rot mduded m the

[culstion of the d of hvpertension becausc they have mot
fulfilled 2]l the crtena necessary for rigorous proof One case that I
saw 1n 1923 was chmeally a pure case but he died 1 a small town i
the western part of the state without an utopsy so that this evydence




by HERBERT CHASIS

Renal Hemodynammesn Essential Hypertension

Tap pattern of alteratson 1n the renal crculation 1s fauly typieal i
the maonty of pabients with hypertensive disease and conststs 1 a
Jecrease 1 the renal bload flow 3 dimmished capacity of the tubules
to remove diodrast and p ) te from the postgl 1!
hlood an eventual deerease 1 the rate of glomerular fitration sn
snerease 1n the fraction of plasma filtered at the glomerulus an 1n
crease 10 renal resistance o decrease 1n the renal fraction of the car
diac output and a novmal renal oxygen artenal venous difference In
some hypertensive patients the repal arculation and function are n
the normal statistical range as measured by our present methads and
the temporal relationship hetween the onset of essential hypertension
and the first change 1a renal hemedynamics 1s unknown

Data cbtamed from normal subjects and hypertensive patients by
dleazance saturation and titration techmques bave for ihe most part
supplied the basis for this desemption of the pattern of distivh wee =

*

o w1 esseaual by has been established by
Bradlev et al (5) Reubs and Schroeder (17) and Cargill (6) wha
found that the PAH rena} ratio 1s well d except 1n
patients with advanced renal mpury It 15 sale o assume therefore

that if the diodrast or PAH clearance 1s about 500 cc per minute or
more 1 a4 dabl

{ th
mor of the renal plasma

Therenal bood flow a3 measured by diodrast {Cy} and p-amnchip

purate (Cyan) elearances snd the maninal tubular exeretory capacit,

(T ar Tgpg) are secastonally i the normal range m some hype:

tensive patients but, in the large majonty there 1s moderate 1o marked

reduction The glomerular filtration rate as meeasured by the yul

clearance (Cr) however 15 frequently 1n the normal Tange and len(’ix;
227




Questions and Discussion

DR EDGAR v ALLEN Do vou thmh there 1s any prospect that these
were patients who had genumne nephrosis apd who comerdentally
developed hypertension? Would you discuss this question?

pr FAuR I should have read my paper in entirety because I take
this question up in the paper

There 15 no evidence of small artery sclerosis or artertolosclerosts m
these hidneys This 1s evidence that the hypertension was not present
for a long pertod The thickening of the basement membrane of the
glomerular capillaries would without much doubt produce hyperten
ston through the experimentally proved Bell Goldblatt mechamsm
of obstructing the flow through the bloed vessels of the hidney When
primary hypertension brings on renal insufficiencv and uremia rapidly
we get the picture that Dr Bell showed this morning of the necrosis
and the endarterttis of the small arteries and the arterioles There was
none of that 1n these cases

Moreover, the meidence of hypertension 1 genumne nephrosts 1>
greater than in the snme age group of the population
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a drug that acts predomumntls by changing the cxhh;r ortlt\\e\\ nsci\:\gs:r
channels of the kadnev This abnormal clevation of the \}:rn ton e,
ton Jed us to condude that i hepertensne disease V! Sm }:sl o
moderate to scvere arteriolar constrehion $he suggesied tha :
change 1 the renal oreulation mught sepresent the renal ;:;l)m;aon:;:e
of the generihzed ‘vasocopsiricion beheved to be responsible for N
increased total efiective penphetal test tance obscrved 1 patien
with essentssl hypertension Swce all these patients had an abnormally
devated resn systemic blood pressure 1t 15 suggested that the cause
of the relative sschemia o the residual functional tissue 15 an 1merease
wn the resstance to perfusion offered locally m the fadney

The tatal renal resistance mn normal subjects and 1 patients with
essential hy pertension has been caleulated by Gomez (13) as the effee
trve perfu ton pressure divided by the blood flow

—P
poImoPY o
Q

where R == total renal resmtanee (dynes sec em ~%) Pm==meran
arterial pressute (mm Mg) Py = renal venous pressure (mm 31g)
and § = renal blood flow {cc/sec) The Factor 1325 serves to convert
blood pressure units mto absolnte umts of remstance This cquation
+telds the total renal rewistance R through the chimeally determmnable
values Pm Py and @ The average value of 22 normal subyects was
caltulrted to be 6281 dynes sec em * as compared with an average
value 1 16 hypertensive patients of 16720 dynes sec em =3 This
wncrease 1 the total venal resistance by 166 per cent confirms and
quantitates the conclusion drawn from data obtamed by indirect
methods that the Lidney parhicipates i the gencralized merease m
sustemie vaseular yesistance 1 hypertensive disease

In the original mathematical treatment of renal resistance we {19}
made certar assemplions that are waw questioned  namely that
fltzation equilibrium 1 neee sl reached in the glomerutus and that

filtration pressure 1n the glomerular capillaries 15 opposed only b
mter-titial and oncotic pressires the opposition of the renal <enous
pres ure having been neglected Lamport also assumed that filtration
equilibriom s reached 1n the glomerudits when ho - 1

affersns ~av

myp

{ay

[

uow et and added ohservabions b
“Bnlmxm et el (3} The total yenal résistance & here calewlated as
bewng equal to the sum of the afferent attenolar efferent artenolay
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to stav an the Jower ringe of normal until there 1s marl od reduction
m Tmp

Since there wre vamations m the amount of functional renal t ue
in different hy pertensive patients 1s well as varmtions in the same
patient m different phases of the disease 1t 1 umportant to relate
changes in the renal areulation and function to a standard quantifa
bive measurement of the tmount of functioming renal tissuc such as
Tm In presenting observations on the renal hemods nanue pattern 1
hyvpertenstse patients we (18) thereforc related changes in the renal
blood flow and filtration rate to tubular evcretory capacity The dis
tabution of the Co/Tmp ritio in 60 hvpertensive patients when
plotted agamst 1 bachground of our data obtuned in normal subjects
revealed 1 preponderant distribution belaw the mean normal value
« result indicating that some factor m these hy pertenstve patients was
causmng relative 1schemia of the residual functional tissue When the
filtration rite was related to Tmp we obsersed that this rato ex
ceeded the mean normal value m about 75 per cent of the 60 patients
We are unable to determine whether an incre 1sed mean arterial pres
sure or the formation of mpotent nephrons—that 1s nephrons that
have lost thewr excretory power but contmue to serve as conduls
conveving glomerular filtrate to the urine-—accounts for the mante
nnnce of the relatively high filtration rate Whichever 1s the cause the
result upon the blood flow to the residual functional tissue will be the
same, smce both will produce apparent hyperemua m this ti sue 3
patrent with an abnormally high vadue for Cr/Tip mas therefore be
evpected to have a hugh blood flow per Tmp ratio and when we de-
leted such patients from the analssis over 90 per cent of the remun
g 39 subjects had 4 Cp/Trp ratio below and some far below the
mean normal value This finding agam mdicated that there » 2
mechamsm operating in patients with hypertensive disease which
produces relatsve 1schemua tn the hadneys

Evammation of the filtrition frachion (Cp/Co) m pabents with
hypertenston retealed an abnormal elevation m the majonts of
pitients The clevtion m some patients was excesevelv high relatne
to the behavior of the normal hidnes dunng the action of adrentlin &
result to be expected if there evist i these patients impotent nephrons
orif the filtration rate 1n some nephrons 1> increased by an elesated
glomerular pressure The deletion of those patients with eveessnvels
high Coy/Tmp ratios sndicated that mn the remunng hupertensne
patients there was an abnormal elevation o‘f the filtration fnctx’on
amntitatis s sl to the normal kidnes's response to vdrenalin
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2 dmg that acls predominanth 4y, thongg Abe et of the vaseular
channdls of the kndney “Thus abnosmal elevation of the filtration frac
vion 1ed 15 1o conclude that . hypertensne disease there 1y from
modurate o severe artenolar constriction We suggested that ths
change 10 the repat cireufation imght represent the renal mmpone;t
of the generalized vasocon tnction helieved to be respousible for the
nereased total effectine penipheral resistanee ohserved m patients
\ith essential byperten jon Since all these patient had an abrormalts
elesated mean systenne blood Pressure 1t 1s suggested that the cause
of the relative 1scheraia 1o the residual functionat tissue 15 49 saenase
1n the resistanes to perfusion offered tocally m the kidoen
The tota} tenal Tesstancs 1w normsl subjects and w prtients with
¢ ential hvpertension has been ealeutated by Gomez (14) as the effec
e perfusion pressure dvided by the blood flon
Pm— Py
= o 1328

shere R = total repal teswtance tdvnes see om ~%) Pm=men
artenal pressure (mm Hg) Po = resal \enous pressure (mm ¥ig)

and @ = renal blood flow (cofsee) The factor 1328 serves o convert
Ulood pressure umits 1nto absolute umits of resistance s equation
vields the total renal re astonre B through the chmeally determinsbile
vatues P Pu and @ The average safue of 22 normal subjects was
erleuluted to Tie 6281 Qynes sec cm ~% as compared with an average
wulue w16 hypertensive patients of 18920 dvnes se¢ em~* This
wirease w the total tenal resistance by 166 per ceut confirms and
quantitates the concluson drava from data obtamned by mdwect
method that the hidney partiewpates i the genierihized tocrease wn
st steme vaseular rest tanee m hypertensive disen e

n the orginal mathematseal treatment of renal et t nea on ¢
made o b ow

o u 1 tapinares 1

interstinl and oncotic pressuses the op‘posnmz‘ ;E Olgzn::;}mlm\ﬂc‘n:u‘
pres ure baving been neglected Lamgart aleo assumed that fltratio

equibtbrium 15 reached 1 the glomerulus when he calewtatad o o
lereny ¢ o 4 -

Y1 poher

4y wh

Blomes et t (5 The uﬁ; . ‘;e « udts and added obsers ations by

nal resistance 5, b
Dolen 1 here caleutated
et equal to the sum of the afferent rtenolay efferent nticnol::

€
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to stay m the lower range of normal until there 15 marked reduction
i Tmp

Since there are variations m the amount of functional renal tissue
m different hspertensive pattents as well as vartions m the same
patient 1n different phases of the disease it 1s maportant to rdate
changes in the renal circulation and function to a standard quantita
tive measurement of the amount of functioning renal tissue such as
Tm In presenting observations on the renal hemodynamic pattern m
hy pertensnve patients, we (13) therefore related changes in the renal
blood flow and filtration rate to tubular excretory capacits The dis
tribution of the Cp/Tmp ritio m 60 hyvpertensnve patients when
plotted against a bachground of our data obtuned 1 normal subjects
revealed 4 preponderant distribution below the mean normal talue
a result indicating that some factor in these hypertensie patients was
causing relatrve 1schemia of the residual functional tissue When the
filtration rte was related to Tmp ne observed that this ratio ex
ceeded the mean normal value m 2bout 75 per cent of the 60 patients
We are unable to dctermine whether an mereased mean artenal pres
sure or the formation of 1mpotent nephrons—that 1s nephrons that
have lost their excretory power but continue to serse as conduts
conveymg glomerular filtrate to the urme—accounts for the mamte
nance of the relatively high filtration rate Whichever 1s the cause, the
result upon the blood flow to the residual functional tissue will be the
same since both will produce apparent hyperemia m this tissue A
pattent with an abnormally high value for Crn/Tmp may therefore be
evpeeted to have a lgh blood flow per Tmp ratio and when we de
leted such patients from the analvsis over 90 per cent of the reman
g 39 subjects had a Cp/Tmp ratio below and some far below the
mean normal value This finding agamn indicated that there 1> 2
mechanism operating 1 patients with hvpertensive disease which
produces relative ischerma 1n the hidneys

Exammation of the filtration fraction (Crn/Cp) t patients with
hypertension revealed an abnormal elevation m the majonty of
patients The elevation 1 some patients was excessively gh relative
to the behavior of the normal kidrey during the action of adrenalm, 2
result to be expected 1f there exist in these patients impotent nephrons
or if the filtratron rate 1n some nephrons ts mereased by an elevated
glomerular pressure The deletion of those patients with excessively
high Cn/Tmp ritios ndicated that in the remamng hypertensive
patients there was an abnormal elevation of the filtration fraction
quantitativels sumilar to the normal hidnev s response to adrenalin
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inantly by changing the cahbey of the yascular

:ﬁﬁg‘:}; :ﬁ?lﬁ:ie::;l Thi> abnormal elesation of the Sitration frac

ton Ted vs 1o conclude that m hypertensiee isevse there » in;,m

maderate to severe artenolay consimichion Ve supgested Tnat ¥ \?
change 1 the rendl tation might rep ¢ the renat compones

of the generabized \1soconstnction behered to be responsible for the

inereaged total effective penphertl reuistante observed mn patients

. - ~

1 the ren tance Lo pesfusion offered locally 1 the kidnes

The totad renal sessstones 1@ sormal subnects and m pabents with
exsenral by pertension hos been catealated by Gomez (11} as the effec
e perfusion pressure dided by the blood flow

KZPn»J‘v

{13%8

where R = total wol tesstance {dvnes see em =% Py mwa
wtenal pressure {mm Hgd Po == certal cenous pressyre (mm fgd

0 @ == vemal blood flow (cefsec) The tactor 1898 serves to comvert
Bood pre suré ututs mio ob olnte umis of resistatice Tlis equation
s2elds the total rena] resistance B through the chmeally detrrminnble
rvalues P Proand @ The sverage value of 22 normal subjeets was
valentated o be 028Y Ay» 5 see ¢m ~7 ag compared with an aserage
value 1 36 bypertensive patpnts of 16920 dines sec em ® Thus
nereast 1 the total rena) yeastarcs 93 166 per cent confirms and
nuantitates the eondusion § uwr %ot dafa obtamed by indirect
metholl vhay Yae kidnes g9 o ar the generali ed meretse n
svsterme vaseular resistance i hy pertensive disease

i tve ¢ rgunal mathemavica) treatment of repal restganes e o
made fefrn -

v wat cipianes 1s opposed onls by,
Whrutgl and oncotic pressures the sppasttion of the renal vengus
presswre iravang bees neglected Jamport afen assumed that filtratian

eqniibrum 1@ 1 ached 1o the gloy » ol when fe el
afl rent eonstriction outse ghed the . e ot the

effn
)"7 peents with essential hepertepsion (I fﬁ: z;::tﬁsc\“::i“(;:;::
}::c)mwixi ;tn: r?\;aﬂf“ed the origmal data and sdded obscry wons by
s 19 ) The 101} reral resstanee 15 hege cafonlated g5
R eaudl to the s« of Yoo afferent arterinlar efferent Artenginy
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and venular restances, which Gomez defines and for the caleulation
of which he gives formulas Hemodynamie theory does not permit
calenlation of the local resistance of the glomermlar and pentubular
capillanies as mdividual segments but thewr absolute contrbutron to
resistance 13 belteved to he small compared to that of the afferent and
efferent arterioles and venules because of the relatively Jarge number
of these capilaries Gomez calculated the afferent and efferent artenc-
Inr and venular resistances m a group of 16 patienis with essential
hypertension, who were not 1n congestive heart fadure and m all of
whom the glomerular filtration rate was abave 60 ce per mmute 2nd
the yenal plasma flow above 250 cc per mumute He found that the
average value for all 16 patients was greater for each of these three
resistances than the values for the normal contro] group The affereat
artertolar resistance was consistently increased and represented the
Iargest portion of the increase im the total renal resistance Although
some of these 16 patients had elevated filtration fractions, the average
for the group was 22 8 per cent, only shightly hugher than the value for
the averige of s normal subjects of 203 per cent This seleted
group, then, diflers from the mixed group of hy pertensive patients r¢
ported by Goldnng et al (13) m which the filtration fraction was i
creased more frequently and to a greater degree

It seems safe to assume that the total renal resistance 1s abnormally
increased 1 esventral hypertension, but the secondary problem of the
1ndividual contmbution of each imtrarenal segment to the total ap-
parently requires an extension of methods to supply direct quantitz
tive data on such muportant gaps mn our hnowledge as glomerular
pressure and permeabiity At the present hime 1t appears that ihe
ncrease 1n the renal resistance is due to ncreases 1n the resstance
offered by all segments and that the mejor contribution 1 made by
the afferent arteriole The combination of afferent arterolar vasocon
striction and increased mean artenal pressure results m a sort of
physseal resetting of the glomerular circulation The increased tone
aof the efferent arteriole then acts to merease the glomerular pressure
and accounts for the mereased filtration fraction observed in patients
with hypertensne disease assuming that glomerular permeaniity
remas unchanged

The canse of the mereased renal resistance m essentsal hypertension
1s unknown It seems unhkely that the resistance 13 ncreased by
strizctural obstructive lesions Bell (2) found that over 20 per celt:t
of hypertensive patients who died showed no structural change m b ;
arterioles and no greater mvolvement of the large and small repd
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artenes than did non hypertensiy ; cm:v.;cls tolln ::;:s);:zfn:\og :g:-
1n resistance 18 due at leas!

’\reht::'b:: ;::cc::: Z?mb 28 ap mereased renal artenolar tonus s x;‘ldlca\e:
by the fact that we were able to nerease the renal blood flow an
lower the filtration fraction by agents which produced these effects in
the normal kidoey (13) That ths hypertonus 1 not of neuwrogeme
ongn 18 suggested by the fact that surgeal renal depervation fmls an
general to mcrease the repat Blood flow of lowes the fltration fraction
1n hypertenuve patients 191023 11)

However & ponent cannot be excluded on the evt
dence at present since we cannot be certawn of complete renal denerva.
uon The 4 hyp to sdrenstn which follows when

{he smooth muscle of wn sxtenolar wall 1s deprived of its nerve supply
s not demanstrated shortly after unilateral sympathectomy in hy
pertensive patients (12) The reduction 1n the renal blood flow fal
{owing the administration of adrenalin was no greater m the sympa
thectomized kidney than in the control unoperated hidney, a fact
that suggests the possbility that umlateral lumbodorsal sympath
tomy does not completely denervate the kidpey But even if we could
denervate successfully resultant changes in the renal cirenlabion might
be obscured by assumption of autonomous contre] since the hidness
1 hypertenstve patients may retam the same avtonomy of their or
cutation which charactenizes the normal kidney {22)

At this tume 3t seems 1 ely that one or more humoral vasoconstnctor
BEERts Are present m patients with essenhal hypertension that are
prmarly responsible for the mcrease 1n the renal resistance slthough
therr idestity matyre snd mode of athmky yemmos to be desenbed
It 1s realized that the possibility of 8 local vascular defect has not
been excluded as the cause of the mcreased resistance

fu normal subjects the kidney s recerve somewhere between 15 and
20 per cent of the cardiac output The data of Bolomey 2t ol (8)
show that the renal fraction of the eardize output 15 reduced to 2 per
cent or less w patients with advanced hypertensive discase n fact

mdieating Yhat the cardiac output does not decresse as the renal cur
culation 15 progressivelv mpaed

Cargll and Ticham {7) found the rens) oxygen arterial enous
diffecence to be withan the norma} fange 1o hypertensive pahem\,
whose renal blood flow ranged from 1237 {0 212 e per munute oxygen
consumption decreasing at the <ame rate ss the renal Hlood flow
msdreduced Smith (18) nterprets tys finding as mdicating that
residual functiona) renal tissue presumably metabolizes at he Torma}
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rate and that the defunct tissue 1s m effect metabolically nonexistent,
In 4 patients with estabhished hypertension Cargill and Hickam found
the renal blood flow and o\ygen consumption normal, a finding ug
gesting that 1n these patients total renal metabolic actnities were
being carried on at the normal level

The changes 1n the renal circulation and function which have been
discusscd so far were based on observations of the combined activity
of both kidneys Observations which were made to determine the
evtent of these changes m each Lidney by means of ureteral catheten
zation revealed that the decrease mn the renal blood flow and maximal
tubular exeretory capacity was shared equally by the two hidneys and
that the Cp/Tmy ratios were stmlar in the two hidneys (8) Theee
results mdicate that the impairment of the renal circulation 7ud
function progresses equally m the two hidnevs 1n by pertensive disease
The fact that these changes proceed to an equal degree and at a
parallel rate in both hidnevs 1s evidence for the thesis that renal mpury
15 @ sequela of hypertensive disease and evidence agamnst the thesis
that renal vascular disease 1s primary m the genes:s of hypertension

Changes m the renal circulation and function can be explamed m
part on the basis of physiological and an1tomical alterations that oc
cur m the course of essentinl hvpertension An increase mn the mean
systemic blood pressure and arteriolar constriction tend to mamtun
the rate of glomerular filtration 1n the normal range vamations in the
filtration rate 1n this stage may be expected since blood pressure lesels
and arteriolar tone are labile A decrease mn the filtration rate occurs
s the disease progresses because the glomerular filtering bed 1s pro
gressively obliterated as a result of mreversible organte vascular
changes If there are changes mn glomerular permeability we csnnot
at this time evaluate quantitativels therr result on effective fltration
pressures Our dat mdicate that the decrease in the remal blood Row
observed early mn the disease 15 due to 1n mereased arterolar tone and
Jater on to the obliteration of vascular channels

The mamtenance of masimal tubular reabsorptive capaaity for
glucose (Tmg) indicates no speaific impairment of tubular reabsorp
tion of glucose When Ting 1s reduced late m the course of the dxse:;:e
the Cro/Tmq ratio remans 1n the normal range a fact mdrcating b :(;
Tmg 15 reduced only when the glomerulus of a nephron 1s obliterat
by sascular changes and its appertammng tubule 15 cut off fr;&m
reabsorptive activity The decrease m tubular excretory capauti, or
diodrast and PAH under conditions of saturation observed eat] ‘fm
the course of the disease appears to be due to the impawment ol 3
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n the metabohe
speafic tbulie (u;}\:l;.;cn a;;d “::y gz‘:ﬁh};’fx:&? that the redue
activity of the tubular celis oam

Tserved earh 1 the course of the diseise 15 &
;:&:\nﬁ"‘l‘ :!;n\:chem\c myury due to obliterative artenolar l;swns dbe—
4 normal Cp/Tmp ratios observed 1m
canse of the hagh Cr/Trmp a0
1injury We beliese that eaty
some subjeets with ouly moderate renal injury
§ specfic function rather than to
decreases 1 Trop are due to loss of sp t
\ubular cbstruction of obliteration because of the tendency o A e
CrfTmp mabio to nse to supernarmal lev els apd ths mterpreta l(:n
15 supporied by the fast that Tmg does not decsease 1 propartion to
Trmp The eause of the ymprwrment of tubular excretion of diodrast
and PATs uad The moderate sud matked d m tubular
extretory capacity observed later 1n the course ate a mamfestation
of severe tubulas mpury as well as of & progressive decreate m the
wumber of functiensng nephsons
The degree of Tensl hypererna 1nduced by the adminstrabion of
prrogen 1o hypert prbents 1§ ble to that obeerved 1n
normal subjects (13) The lenel of Tmp dunng hyperemis so induced
has specnal significance smee tubwles wiueh are wscheme under basal
conditions maght becomae active A dar tubule il h
to Tmp at = maxmal rate only %0 long as the plasma flow o the
tubule 15 adequate to effect saturation at the exsting diodrast plasma
concentration Detecting ischeme tubules by Tmp then 1s dependent
on the plasma concentration of dodsast m the sense that the higher
the concentration the Jower the blood flow must be to yscheme ssue
before the latter will cease to contnbute to Ty Smnth (18) defines
the load of diodrast camed b ke tnbules as the product of plasma
flow tumes plasma contentration Tinus the gquantity of diodrast ex
ereted through the glomeruh In our observations on ‘bypertensie
paticate (13) the load/Tmo ralio Was with few excephions greater
during hyperema than dunng bassl condstions a crreumstance that
would operate t effert the saturvuion of tubules which might have
been un<iturated as a result of ischema dunng the basal state A
v between Tiny d under basal cond. and dur
g heperemin vevealed no wgmfcant inerease m the majorty of
hepertensue patients In some prhents however there was an m
:I‘:a e Imyp by more thas 10 per cent ndicating that portions of
renal parenchywe capabie of excreting diodrast were ot avariable
to perfuston under basal condsbions The presence of focal 1schemie
ff:‘: ;‘:\:l“‘_sz“':?sﬁﬂ; bypertensise patient has also been mdieated
ata obtamed by glucose gnd du0drast titration
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methads (21) We suggested that although artenal lesions may affect
large numbers of glomeruli adversely, tubular perfusion 1s usually
mamtained umformly and focal tubular 1schemia 1s the excephion
rather than the rule Bradley (4) believes that since PAH extraction
1s high, true arteriovenous shunting must be excluded as a possible
cause of Jocahized 1schemua and that focal 1schenua results from the
development of structural lesions

Observations m the expermmental amimal indicsting an abibity to
divert blood from the cortex to the juxtamedullary region of the kudney
have led to the suggestion that such a mechamsm rmght operate m
man to produce cortical 1schema and be concerned m the genesis of
essential hypertension (24) But Maxwell ez ol (16) reviewed the
significance of the renal juxtamedullary eirculation and concluded
that there 15 no posttive evidence at hand of the diversion of any
appreciable quantity of blood through uncleared channels in man or
dog A Iarge shunt from cortex to medulla would tend to arterialize
the renal venous blood, but that this does not occur 1s demonstrated
by the fact that the PAH extraction ratio 13 normal until hypertensive
disease 1s far advanced and bv the fact that the renal oxygen arteral
venous difference does nat vary sigmificantly from the normal This
failure to obtam evidence of arteriahization of the renal venous blood
the presence of a normal renal circulation in some hypertensive
patients, and the demonstration that no large amount of functioning
renal parenchyma capable of excreting diodrast 1s deprived of blood
lead us to lude that a justamedullary shunt 1s not mvolyed in the
genesis of hypertensive disease

It has been suggested that the alteration 1n renal hemodynamices 15
causally rolated to the genesis of hypertensive disease Tien if i
were pdmitted that this 1s so, 1t would have to be recognized that the
functional or structural renal vascular disease which would neces
sanly precede the changes in the renal circulation would itself remam
unexplained Our data supply three pieces of evidence against this
view The fajure to demonstrate changes 1n the renal crculation
early 1 hypertensive disease, the fact that with the progress of the
disease there 1s an accompanying deterioration in the renal circulation
explained satisfactorily bv the decrease n the number of vascular
channels and functioning nephrons and the fact that the changes
the repal circulation proceed to an equal degree and at o parallel rate
1n the two kidneys have led us to conclude that the change m renal
hemodynames 15 a sequela rather than the cause of essentral hvper

tension




Questions and Discussion

pr amauRice B visscirer Dr Chasis has presented a beautful ac

count of the type of study that every pby siologst 15 pleased to see He
has pouted out that there 1s with the progress of the disease a p:i)-
portionately greater wcrease I Tesistance in the vascular bed in the
idney than in other organs of the body m hypertension He suggests
that this prog; 1y 1n the vascular bed may
be accounted for on the bays of the structural changes that take place
10 the renal blood vessels with the progression of the disease I should
Iike to ask him to elaborate 2 httle more on the question of positive
proof that the differential imcrease n resistance n the renal bed versus
other beds 15 on a morphological basms rather than on the basis of
some physiotogieal suseeptibility of the renal blood vessels to 2 ar

culating agent as pared with other blood vessel
beds

Now if you will recall what Dr hubieek said yesterday concerning
the renal blood flow 1 dogs with elevated bloed pressures produced
by chronie electnical stimulation of the renal pedicle nerves or the
sympathetic trunk nerves you will recall that the early effect of
such stimulation was a decrease 1n the renal plasma flow but that after
hypertension became established the renal plasma flow rose to normal
1 make the suggestion that there may be homeostatic mechamsms so
arranged that the blood pressure will be rassed to a pont where the
renal blood flow 15 restored to a value providing adequate pressure
for glomerular filtration to mamtain the animal 1n a constant state

1 am inchined to the view that we cannot exclude the possibllity that
small changes n the renal blood flow due to a arculating vasoconstnet
ing agent cn{uldbhnng shout the elaboration within the kidney of the
same sort of substances that are libera
o the Coldbintt domm ted early after the apphication

1 do not believe we are justified m assuming that there must be »
very large decrease 1n the renal blood flow mamtained over 24 hours

235
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if these vasoactive substances are to be hberated from the udney A
reltively small decrease m the blood flow, which might be difficult
to pick up m a chronte situation, could accomplsh such effect 1t
seums to me

But I should Iihe to have Dr Chasis, 1f he will, elaborate 1 httle
further on the question T have rased

DR ELENIOUS T BELL I am quute sure that Dr Visscher msunder
stood Dr Chasis In fact, Dr Chasis sard quite the oppostte of what
he was quoted to have sard He 1s on my side of this argument, wad 1
should not Iike to have him as wn opponent

Iw it to call attention to some of the things Dr Chasis sud T think
he has made one of the most important contributions that we have
ever bad to the pathological physiology of hypertension

e has shov n that there 1s decreased blood flow and mereised rest
resistanee m certyun stages of hypertension But under the mfluence of
pvroguns the blood flow wilf return temporards to normal That »
these vessels will difate Thev diate under the mfluence of pirogen
Now 1t 15 much easier to think of 2 rormal arterrole dilating than one
that 1s ngid with hyaln It 1s quite hard to think of 1 mgid kvabn
arteriole responding m that way I think this is an excellent wrgument
that hy pertension 1s imbiated by spastic and not by orgame changes
i the vessels

DR ROBERT W WILhivs One always hesitates to draw any concly
sions from one case However we have had an opportumty to studs
thoroughly a ca.e of pheochromoeytoma 1 v voung man of 24 with
ssmptoms of approumatels ¢ svears duration e had what we
termed an ‘intermittent normotension rither than an intermuttent
hypertension Bs that we meant that hns blood pressure was onf
rarely normal and usually was elevated at quste high levels Becaue
we were positine of the diagnosis or 1s posttiie as we could be before
operation we subjected him to rather elvborate physiologie studies
ncluding the techniques of Drs Chasis Goldring and Smuth

1%« were mterested to find that this young, man whose hj pertension
w4y due to pheochromocvioma (sinee 1t wis completels reheved bv
operation) had the tipial renal hemodynume changes of essentind
hupertension with a moderatels reduced renal blood flow and an i
creased filiration fraction By taking renal venous samples we 210
showed that there was no shunting of blood past funchiomng tissue
m the adney since the extrachon of PAIL was virtualls complete,
hoth Lefore and after the remosal of the tumor

Therefore we were quite hopeful that this patient would show u»
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ntermuttent bt pertension of

how the hidnes respond  to the “““{&{W:tk removed & pheochromo
some standimg Dr Reginald H Sou toued definite
eytoma and also took 8 rendd biopss The hadney sl D‘l‘;f -
though mild morpbologic changes in the prearterioles the ar lﬂo‘ a
and the glomerult themselves on which the pathologist was unsmihng
to commut himself fnally

SWhen we retested Wis vemil clearances 6 wounths and agun 18
toonths after the Temaoval of this tumor dunng which tme the
patient s pressure had semamed normal we found to our disappoint
ment but great interest that the blood flow and fitration rate were
just about what they had been before the removal of the tumor
However the caleulated resistance through the kudney of course was
greatly decreased swee Tug arterial pressure was normal

Te thought these findmgs might be explained by the side of the
argument that you have heard upheld this mormng nmamely that
while this man had certain functional dsturbances i s hidpev due
to the cireulating epmephnne norepmephnne or whatever pressor
substances were present before aperation he had v addibon ceriam
morphologic abnormahties visible under the mucroscope These struce
tural abnormalities we believed were due to the long lasting hyper
tension and 1 turn caused Jurther functional defects that were not
reversible at least 18 montbs after operstion they were st} mam
fested by a moderately increased resistance to blood flow wn the hadney
and an imcreased filtration fraction Tt will be of mterest to test hm
agamn m 2 vears

Shhat this a1l means with respect to essential hypertension 15 not
completely clear but st does supgest that long continued penods of
even mtermttent hypertension may cause structural and fuschional
changes which are onlv slowly reversible 1f reversible at all

DR MARE NICKERSON To the preface to hus remarks Dr Chasis men

tioned thay the Line between the conceptions of kidney changes as
Pnmary or secondary m essential h

ypertension was cle n
that he was on the  ~=7 ok s learly drawn o
clude 1 synthest ,

refationship bet

uav e Kidney 1
the culpnt 1 the devel P of essential hyp

which depicts 3t as the victim Data are gradually accumu]‘;xt’gx th?
gough obviously they are far from complete wdicating thalg t';xe
Dﬁney may be first the victun and Jater the culpnit n the same pase
r Wilkins case of pheoch ytoma 1s an and valuab},
wldition to this evidenee Ty such eases 1t appears to bequlevpo::lb]i
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that intermuttent periods of an mcreased blood pressure and renat
vaseconstriction may mduce lasting changes m renal structure o
function so that the kidney may then be an etiological factor s the
mamntenance of the clevated blood pressure

Those of you who werc here last mght wil recall Dr Braus
Menendez’s statement which very micels summarizes this wdea He
pomted out that the kidney 1s undemably mvolved mn a great mam
cases of hypertension, both human and expermental Some people
fecl that it 1s the culprit others that itis the vicim but whatererits
nitial role may be, it has & great propensity to join the gang

pr cnasis Dr Allen is igger than T am and welds a big stich so
in attempting to heep within the time allotted me, X read my paper
much too fast That probably explans why Dr Visscher misunder
stood what I ssid We behieve that the mncrease m renal resistance 1
hy pertensive disease 15 functional and not anatomieal When we ad
muustered pyrogeme mulin or triple typhoid vacune the renal blood
flow increased and the filtration fraction decressed m hypertensive
patients as 1t did m pormal subjects

Tt 13 probable that as the disease progresses and the vaseular lestons
result 1 obliteration of the filterimg bed, both functional and anatom
cal factors contnbute, but the early and sigmificant mncrease m rensl
resistance 1s o functional and reversible mamfestation of hypertensive
disease



by BENJAMIN J CLAWSON

The Heart 1 Essential Hypertension

Tue cardiac deaths due to hypertension and cotonary disease Be
determined by 50730 autopsies from the tecords n the Department of
Pathology of the Unieersity of Minnesota (1910-1047) are here beng
reported on This large group (6512 cases) of diseases of the heart 15
commonly referred to as artenosclerotic heart disease There 13 some
objection to this termnology 1 the hy pertensive cases, where death 13
not due primanly to coronary disease swee 1 this group the coronary
arteries are relattvely good m a hgh percentage of the cases We
agree th Levine (1) that this term should be given up These
eardiac cases are analyzed with respect to general madence ineidence
by types ncidence by age and sex and gross and mcroscopic patho-
Togieal findings

General merdence The total group of 6512 eases comprses 1283
per cetit of the deaths 1n the autopsy senes durng 19101947 The
group 1s 65 89 per cent of the 9585 deaths from noncongenital cardine
disease

Incidence by types Tn this analyss the total nurber of cases are
dimided into two groups (1) byperiensive beart disea e 1n wh o5
dothem - ¢

c

r v vualy wswictency (Yables 1 and 2) As will
be observed the two groups overlap considerably In about a fourth
of the coronary eases no evidences of hypertension were noted Theee
cases however were included m the analyms because of the close
relationship between coronary disease and hypertension,

The incidence of the types m the hypertensive group 1s noted 1n
Table 1 This 13 the largest group among all cardiac deaths There
were 5035 cases among 9585 cardise deaths (6198 per cent) znd
among the 50730 autopsies (1169 per cent) &

Depending upon the pnmarv cause of derth this hypertensive

239
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Tase 1 Types of Hypertensive Heart Disease (5935 Cases) among 958 Cardiae
Deaths and among 50 730 Autopsics during the Years 1910-1937

No of Per Cent Per Cent of  Per Cent of
Types Cases of Group  Cardic Deaths  Aulopsies
Mjyocandial tnsufliciency 2931 3742 2317 134
Cotonary sclerosis 2507 4224 2615 49
Cerebral hemorrhage 847 1427 883 166
Urerna 360 606 375 01
All tvpes 508> 99 09 6191 1169

Tavie 2 Types of Coronary Sclerosis (3084 Cases) among 958, Cardiac Deaths and
among 50 780 Autopsies during the Years 1910-1947

No of Per Cent Per Cent of  Per Centof

Ts pes Cases of Group  Cardiac Deaths  Aulopsies
With hypertension 2507* 8129 2615 10

Svstolic blood pressure

150 or over 877

Systoke blood pressure

unknown or below 150

male heart weight above

400 gm  female abore

8.0 gm 1630
Without hypertension Fred 187 601 113
Both types 8083 100 00 8217 607

*Included in the hypertensive group

group 15 divaded into four tvpes myocardil msufficieney  coronaty
sclerosis cerebral hemorrhage and uremia (Table 1)

There were 2221 eases of myocardial msufficieney (37 42 per cent)
among the hypertensive group 23 17 per cent of all cardic deaths
and 437 per cent of all autopsies (not including stillbirths) These
2991 cases, with a few exceptions were classified s hvpertensive
hearts erther because a svstolic blood pressure of 150 mm Hg or more
swas recorded or because even though there was a recorded normal
blood pressure the male hearts weighed 500 gm or more and the
female hearts 450 gm or more It 1s this latter group 1 which the
blood pressure 1s recorded as normal or below that 15 often referred
1o as showing adult 1diopathie cardine hypertrophy Of these 2291
cases where death was practically always associated with left and
nght heart fmlure there were 219 (8 86 per cent) n which the systolic
blood pressure recorded was always below 150 mm Hg In all of these
219 cases the hearts were large 500 gm or more 1n the males and 450

gm or more 1n the females
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has been a great deal of dnruswon among termsts and
p:}?oc\?gbu whether ﬁ\e hypestrophs and final {alure are causc:l bns
fugh blood pressure at some tume or by some other ctuse as vet w \
\oown T 1944 Levy and Voo Glahn (2) reported 10 cases amn
stated that previousty there had been onlv 14 such cases reported m
the Lterature In 4 of Levy and Von Glahn s 10 cases there was 2
<gstolie blood pressure of 150 mm g or more with a diastolie pres
sure of from 90 to 110 In 3 other eases with a systolie blood pressure
below 150 there were diastolic pressures of 90 90 and 100 respechives
fy Tlearts of this type have been intensinely studied Apparently all
of them begin with Jeft ventmcular by perteophy and end with ddata
ton The stigma of a high blood pressure (lugh diastolic pressure of
from 90 to 115 mm Hg) was present m 98 of the 210 cases {4472
per cent) The remawnmg 121 cases are 543 per cent of the 2321
o winch death resulted from myocardial msufficiency It seems fauly
reasonable to regard most of thus so called rdiopatiue group as hyper
tensive cases 1n which the svstohie blood pressure has temporanly

dropped or as cases which are 1n some way tied up with by pertension
Tehite (3) m d cardiac t h

p the 1m
portance of stran as the cause of hypertrophy There are relatively

{few bearts m which the canse of \he enlargement and fadure 15 not
appacent The small percentage 1n which the cause 18 not known need
further study fo determine whether the cardiac enlargement 1s due

to muscular hypertrophy to diffuse fibrosis or to some other con
dition

The second type of hypertensive cardiac disease 15 that m which
death rcsulted pomanly from coronary sclerosss with or without
cotonary thrombosis About 75 per cent of all coronary artenal deaths
gave evidence of hypertension There were 2507 cases of coronary
sclerosis with hypertension (42 23 per cent of the entire hyperten ne
cardiac group 2615 per cent of all cardiae deaths and 4 93 per cent
of al) antopsies)
The thied type of hypertensive cardiae disease 1s made up of the
:::sci “(‘v.:h,dlhdmh was finally cattsed by cerebral hemorrhage In
05t of these there were ev
e Do vere ; exgiinces of cardiac fatlure both climeally and

MM eatly have resulted o~ ~  dae fadare
thage OF 1, bral hemor
tensnve car

» wbs per cent of a the byper
per cent of all autopsies! o oh cardiac deaths and 160

) These cases either had » Iy
story of
talie Bood pressure of 150 mm Hg or more or among thery m(;h:: x;x);d
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hearts weighing 500 gm or more and, among the females, 450 gm of
more It 15 possible, 3f not probable, that some other cases m the
autopsy senes where death vas from cerebral hemorrhage should have
been wcluded 1n this type

Death from renal msufficiency associated with and resulting from
hvpertension 15 the fourth type Climcally symptoms of mjocardial
fadure were commonly present but all of these finally died from
uremia  As with the apoplectic type, there was either a recorded
lustory of o systolic blood pressure of 150 mm Hg or more or, among
the males, hearts of 500 gm or more and, among the females of 450
gm or more Of this renal tvpe there were 360 cases (606 per cent of
the hy pertensive group, 375 per cent of the cardiac deaths and 071
per cent of the autopsies)

In the total group of 6512 cases there were 3084 1 which death
was due in the end to coronary sclerosis with or without coronary
thrombosis (Table2) Of these 2507 were meluded 1n the hypertensive
group because of the recorded high blood pressure or weight of the
heart (males 400 gm or more and females 350 gm or more) In 577
cases (187 per cent) of the 5084 1t appeared that there probably hsd
not been hypertension (Table 2) It 1s hilkely that this percentage
should be somewhat higher since a few m the lower brachets with
hearts among the males, of 400-450 g and, among the females of
850-100 gm probably were not hypertensive cases It appears reason
able to conclude that about 75 per cent of the people who died from
coronary disease had high blood pressure The total group of coropan
cases compnsed 52 17 per cent of the 9585 noncongemtal cardic
deaths and 6 07 per cent of the 50,780 autopsies

Incidence by age and sex In the entire number of 6512 cases most
of the deaths n both sexes occurred 1n the fourth through the math
decades (Table 8) The sex differences are seen 1n Table 4 There was
no sigmficant sex difference n the tvpe m which death was due to
cardiac fmlure m any of the decades except the exghth 1 which the
females predomnated There was & total of 44 87 males and 41 S‘_l
females per thousand autopsies on the respective sexes a ratio of 107
males to 1 female This difference was on the borderline of sygntficance

TIn the tvpe in which death was primanly caused by coronarsy disease
the males predominated sigmficantly n the fourth, fifth sixth and
seventh decades (Table 5) The number of females was greater m
the eyghth, ninth, and tenth decades but this difference was not 8
sigmficant one The total number of males was sigmficantly greater
than that of the females per thousand autopsics on the respectne
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TALE 4 The Incidence of Death by Sex and by Age Decade among 2271 Hypertengre
Cases of Myocardia Fafure as Determmed per Thousand Autopsies

Males (1458) Fernales (762)
Age TotalNo of No of  Cases per  Total™No of No of Casespe
Decade Autopsies Cases  Thousand A Cases  Thousand
1 49293 0 000 3198 0 000
2 LA o 000 n 0 000
K] 1819 G 829 1609 e 124
4 2891 89 1377 1877 29 1540
5 H98 159 8379 2oy £0 3624
6 931 868 6o 01 2,97 149 5734
7 6063 409 T 44 2718 206 273
Y 4518 843 591% 2330 2 9098
9 1591 183 8741 67 8l nep
10 2 9 957 77 8 3396
1 [} 0 000 1 o 600
Al decades 82513 14,9 4187 18217 kid e

* A sigmficant difference

Tante 5 The Inaidence of Death by Sex and by Ape Decade among 2007 Hypetten e
Cases of Coronary Sclerosis as Determined per Thousand Autopsies

Aales (1900) Females (607)
Age Total No of No of Cases per  Total \o of ™o of Lawe pr
Decade Autopsies Cases Thousand  Autopsies Cases  Thousund
1 4298 0 000 8123 0 000
3 941 0 000 81 2 246
3 1819 2 100 1609 [ o
4 2881 25 989* 1877 1 (AN
5 1108 212 5380 2307 10 518"
6 5981 196 £3.58° 2297 8 1N
7 6064 596 9828 2718 191 ~0o*
8 4,18 408 9030 2330 295 9598
[ 1,21 183 8150 867 k] st19
10 04 4 4255 ~7 " 3000
n 0 0 000 1 0 000
ANl decades 89518 1900 5843* 18°17 607 3332

* A sigmficant difference

senes (58 48 males and 83 32 females) This1sa ratio of 17 malesto 1
female umong the 2507 deaths from coronary sclerosis with hvper
tension

In the tvpe of hypertension where death was due to cerebral
hemorrhage the females predommnated sigmificantly m the fifth
<eventh and nmnth decades (Table 6) The total number of mades
and females per thousand autapsies on the respective seves was bso
sigmficantly different (1565 males and 1855 femnles) Luidently
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Ylepest eusve
{ Death by Sex and by Age Decade among 87
Fane ﬂL:E: 3:%‘12:;: “tmﬂrrbzyge a8 Determuned per Thousand Astopsies

Alales {500) Females (338}
e BB
No of  Cases per
A ToalNo of Noof  Casaper TotalNo of
Di\&e Xuzops\e: Cases  Thousand  Autopses  Chases Thousand
Deoade Autopses LBy
000
4993 o 000 hits) J
‘2 o [ 00 a1 3 3¢9
5 1319 7 3sd 1609 5 310
3 2R 20 108 1w 11 74
5 4408 68 un 207 L) 3126
6 5953 383 2748 23597 £ 3041
7 6084 138 27 ams 9% 3159
8 4518 99 2151 2330 58 2317
9 1w " 920 867 18 2076
10 o [ 00 kil 2 2597
i L] 3 oo 1 ¢ Q00
Aldecales 32418 3 1565 18217 338 185,

A sigmificant difference.

Taste T The Ineidence of Death by Sex and by Age Decade among 360 Hypertenuve
Casey of Urermiz 83 Determined per Thousand Autopsies

Males (17)

Females (143)

A ToultNo of 2o ot Casssper TotiNo ot Do of  Cases per
Decatds Autopsies Cases  Thousand  Aotopsmes  Cases  Thousand
1 4208 0 (] 81238 B 000
° 44 S 318 813 3 360
3 1819 4 219 1609 ¥ 435
s 2531 1 800 1877 2 1548
5 4498 50 nn 2207 97 1676
® EX B3 u4 297 % 924
7 6064 50 824 2n8 26 958
B 458 e 456 2330 n 42
9 E 3 187 07 5 5%
10 o ) 000 ~ 1 1298
1t [ [ 0% 1 o 200
Al decades 32418 2y 687 817 us T84
A ngmficant difference
cetebral b hage oceurs more i}
1n wowmen than m
with hypertension ’ men
In thahem -
¢ fem
ouly (1

v aun sex per thousand autey
(516“ Tales and 784 females) showed no sigmficant sex dxﬂerenf:m
. R the type of coronsty scleross 1 which no evidences of h
€N8I0R Were present there was 3 simficant. male prgponderan)c’gexrn
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Taste 8 The Incidence of Death by Sex and by Age Decade among 577 Non
Hypertenave Cases of Coronary Sclerosis as Determuned per Thousand Autopsies

Males (493) Females (84)
Age Total No of No of  Cases per TotalNo of No of Casesper
Decade Autopsies  Cases Thousand  Autopsies  Cases  Thousand
1 4203 o 000 s128 o 800
2 941 ] 600 811 0 000
8 1819 6 329 1609 0 000
4 2881 3 1236* 1877 1 058°
5 4498 101 2245* 2207 1 498
6 5934 121 2039* 2597 15 st
ki 6064 104 1715* 2718 17 625°
8 4518 8r 1825 2330 26 n
9 1521 35 2301 867 13 1499
10 94 4 42.55 ks 1 1208
1 0 0 000 1 0 000
All decades 82518 493 1516* 18217 84 461

* A sigmificant difference

the fourth through the seventh decades (Table 8) The total number
of males greatly outnumbered that of the females per thousand
autopsies on the respective sexes (15 16 males to 4 61 females) This
ratio of 38 males to 1 female 15 hugher than in the cases of coronary
deaths where hypertension was present, and 1s a marhed sigmficant
sex difference One thing to be noticed 1n coronary cases with and
without hy pertension 1s that there does not appear to be a decade
beyond which one 1s safe from coronary death

Pathology Excluding the cases i which death was due to coronan
disease, the chief gross pathological changes noted m the heart m
the hypertensive group were hypertrophy with diatation vanable
degrees of coronary atherosclerosis, and pericarditis in the ureric and
coronary tvpes Coronary thrombosis and myocardal infarction 1 the
types with death from mjyocardial farlure cerebral hemorrhage or
uremia were rarely found (S per cent)

In Table 9 the degree of cardiac hypertrophy ndicated by the
weights of the hearts 1s noted in 1588 cases in which death was due to
mjyocardial fallure It 1s to be observed that i a few (4 84 per cent)
even with a recorded hy pertension, hypertrophy did not take place In
4 Jnrge majority the weights of the hearts were 500 gm or more m the
males and 450 gm or more i the females These Jarge male hearls
ranged from 500 gm to an occastonal one of over 1000 gm The female
hearts weighed less than the male by 50 gm or more

All the hearts listed mn the tvpes where death was from cercbral
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hemorshage or uremta with no high blood pressute recorded weighed
500 g or more m the males and 450 gm or more m the females The
weights of the hearts wdicating the degree of hypertrophv, 1 3071
of the total group of 3084 coronary cases with and without hyper
tension are seen m Table 10 1t 15 to be noted that 718 (233 per cent)
have hearts weighing below 400 pm among the males and below 350
simong the females & few of the male hearts of 400 gm and the

“fantx9 The Weughts of the Hearts n 1535 Cases of Hypentension
(Gystobe Blood Pressure 1 0 mm Hg ot more) m Which
Death Was Due to Myocardial Fadure

Heart Weight

w Grams Nuwber Per Cent
Yimeml s
¥ s b - s
) .

Tasie 10 The Weights of the Hearts 1 3071 Cases of Cot
01
Scleross with and without Hypertennon i

Heart Weught

m Grams Number Per Cant
M 500 or more
F 430 0 more nw 581
M 400403
¥ sso—usi e 334
M below 46
F below 350 8 233

female hearts of 850 gm or sy
ghily over may not have bed
m:{hled 1t appears that in about 25 per cent of the comn: u I:lw\e!:
i::; “I::é\) ::{Mphy was not present This 1s an xmpuﬂantribs:v ¥
¢ talen mto account .
o o hen i considenng whether coronary disease

pathogenesis of
oty b of s bty b 0
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Taste 11 Coronary Sclerous and Myocardial Fibrosis among 139 Cases of
Hypertensive Heart Disease of 4 Types

Myocardial Coronaty Cerebesl
Palure (78) Sclerosis (37)  Hemorrhage (18) Uremia (8

No PerCent No  PerCent No PerCent No PerCent

Coronary sclerosis

Severe 12 155 87 1000 6 375 1 125

Slight 54 80 o 00 8 500 5 625

None 12 155 0 00 2 125 2 220
Myocardial fibrosis

Severe ¢ 25 18 485 0 00 o 00

Shgh 35 450 17 400 8 5 1 N3

None 41 525 2 55 10 625 7 83

Gross and microscopte myocardial fibrosis 1 1ts relation to the
degree of sclerosis i the coronarv arteries 15 recorded 1 Table 11
This table shows a segment of 139 cases m wiich a gross exammation
of each heart and microscopic esaminations of 5 blocks from each heart
were studied for evidencecs of fibrosis The degree of coronary selerosss
was also noted and was found to be greatest m Group 2, or the cases
m which death followed coronary nsufficiency In the other three
ty pes—~myocardial msufficrency, cerebral hemorrhage and nremin—
there was a rdatnvely low percentage of scvire coronary selerosis
Severe myocardinl fibrosis was seen most commonly 1 the coronan
sclerotic type (485 per cent) In the myocardial msufficiency type
fibrosis to a severe degree vas present 1z only 25 per cent Seiere
fibrosis did not occur m the 1poplectic and uremic types The degret
of myocardial fibrosts corresponded 1 general, with the degret of
coronary sclerosis The myocardsal fibrosis 1n all eases of hy pertension
appears to be due to an anatomic narrowing of the lumen of the
coronary arterzes It 1s of nterest to note that even in the cises 1
which death resulted from coronary discase severe myocardial fibrosts
was seen 1n less than half the cases

Infarction of the msocardwm s relatively rare (3 per cent} m
deaths due to hypertension evcept in the cases 1n which the final cause
of death 1s coronary discase Infarction occesionally oceurs in large
hearts with fardy good coronary arterses In the ewses of death from
coronary disese, mfarction (4375 per cent) oceurred less frequently
than coronary thrombosis (5382) The patients with coronary throm
Bosis not infrequently dic before an infarction can take pluce Fre
quently microscopie evidences of an nfarct e be detected Lefore
gross evidences are mamfested In cse the patrent with cororary
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15 does not de soeh wfarction of the muscle of the heart 1
‘gl:::l)loys found The mfarct may heal and leave well defined ﬁl:ro\:
avess The ratber mdefimte Sbrous areas 1 the heart appeﬂlr) o be
due to a slow fraying out of the muscle with replacement by con
fnective bissue Tesulung from aschemia from corenary nnrrowmé

The freguency of my orardhsl infarction with or without thx:m 051S
among 3065 cases of coronary deaths 18 Tecorded 1w Table 12 There

Tantz 12 The Inndence of Myorardu! Infarction among 3068
Cases of Coropary Scleross

Dugtber FerCent

were 974 {3177 per cent) m which wnfarchion oceurred with coronars
thrombosis and 387 (13 97 per cent) without 2 demonstrable throm
bus Tt 1s quite possible that i some of these the thrombus nught not
have been found However 1t appears evident that m some cases st
feast 1farction may take place without the presence of a thrombus
Tnfarchion was demonstrated in 1331 of the 3065 cases (43 75 per cent)

The mucroscopse picture of cardiac mlarction depends upon the
age of the infarct In ap eanly infarct the muscle fibers Jose thewr stna
tions and become hyshimzed 1n appearance There s o rapud wfiltration
with polymorphonudlear Jencocytes The appearance may approach
that of the wall of an sbscess Later the polvmorohons Yea=l an—
3

wv s Vil onoective tissue replacement
The fibrous tissue may stretck and produce & bulging eardizc aneu

rysm Whether infarcuon or seattered areas of Sbrosis accur depends
upon whether the coronary artenes dose slawly with musoular atrophy
and connective tissue replacement or tapidly when wfarction resylts

Myocardel fibrosss due 3o roronary msufficrenc
15
lorated immediately around the Koo ot e 0t

d vessels In this respect th
Bbrosis differs from that seen m rheumatic . .
earts an
s periartenal m location i he fitzoss
The changes toted m the coram
ary arteries 1 cases
deaths are atherosclerons and thrombostis The dbgreesdn: 0:::1:‘ .
sclevosss 1 the left and Tight coronary artenes m 2952 cases w;r:h
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Tasie 13 The Degree of Scleross m the Coronary Artenes among
2952 Cases in Which Death Was Due to Coronary Disease

Degree Number Pes Cent
Both +++ to i 2114 7161
Lot Rt 396 1841
Lobttd Ry 168 552
L 444+ R0 6 020
L4 Rbp 169 5%
L4+4 R 4 53 18
L++4- RO 1 003
L4+ R4t 27 00
L4+ R4 5 036
R Attt Loyt 7 043
R 444+ L3 s 013
R4t L4y s 01s
R 444 L + 1 008
R44+ Lo 1 003
R++ L+ 0 000

death was due to coronary disease are shown m Table 13 The lelt
coronary artery generally 1ts descending branch, 1s the one most com
monly affected A sexere mvolvement of the right artery occurred 1
181 of the 2952 cases (G 18 per cent) It 1s to be scen that dexth m
cases with coranary atherosclerosts of less than 8 plus mr one or bolh
of the artertes s rare

Muicroscopie examinstion of the arteries reveals atherosclerosss, dif
fuse or Jocalized This sclerosis may occur in short plaques and can
be mussed easily unless the arteries are cut transversely at short m
tervals apart Paterson (5) found imtimal hemorrhage fo be a com
monls abserved condition Ly mphocy tic mfiltration m the adventiba
1 also common No relation can be demonstrated between this ad
ventitinl Iymphocy tie nfiltration and syphilis

Thrembosts of one or both coronary artertes 1 a common complics
tion of caronary sclerosts Thrombosis without sclerosis 1s rare but
occaswnally 1t may geeur with mnfection Coromary emboli except
small embolt s 1n subacute bacterial endocarditis are seldom found

TasLe 14 The Incidence of Thrombosis among 2851 Cases of
ronary Sclerosis

Number Per Cent
Left corgnary artery 073 8783
Rught coronary artery 350 1357
Both coronary artertes 182 463
5384

41! eaes of thromboss 1535
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Gross mfarcts are not produced by these small embolt The mcidence
of gross thrombosis of sufficient degree to be seen easdy at autopsh
or to capse el symptoms ot sudden death 15 seen Table 14

Among 2851 cases thrombosis of the left coronary slone was present
1m 1078 (3763 per cent), of the nght artery m 330 (1157 per cent)

and of both 1n 182 (463 per cent) In the entire group of 2851 cases
thromboss of one or bath of the artenes was observed wn 1535 cases
(5984 per cent) A thrombosis af the eqronary artery if the patient
survives becomes orgamized and canalized Grossly it may have the
sppearance of & fresh thrombus at autopsy for as much as a year or
more after its formation because of the blood n the capals The
thrombus may canse sudden death or it may resultnan nfaret which
may heal ar not mfrequently may soften and rupture with massve
L bage n the y dial canity ( de) Edmondson and
floue (6) among 25 000 autopsies observed §65 cases of acute myo-
cardial wfarcion 72 (8 per cent) of which had myocardial rupture
with hemopencardium  Friedman and White (7) feported 105 cases
of 1farction 10 of which (9.5 per cent) had myocardial rupture In
a senies of 22 cases of recent infarction 1n patients 1n a mental institn

tion Jetter and White (8) noted myocardial rupture 1n 16 (73 per
cent) The moerdence of Tupture of the heart with hemopencardium
among all coronary deaths and among the cases with infarction of
the myocardium 1n our seres 13 Listed m Table 15 Of the total num

Taste 13 The Inesdence of Rupture of the Heart with Hemopen
eardum among Al Coronary Deaths snd among Comosry
Denths with Myocardial Infarction

Nuumber Per Cent
Among all coronary desths (3065) 122 193
Among coronary deaths with

myocardial mfsrction (1351) 122 91

fer of coronary deaths (3005) studred ther

e Were 122 (398 pe
n which the heart ruptured This number (122) was gl pe!; l;::tn :))Y
the cases which had infarction of the mayocardum

Pencarditis except i the uremie
type and
tion 1 rarely seen m death I, s o moczedal fare

m hy pertension and corpna;
f::e:!yptﬂ“l;slwe cases dywag from uremia fibrnous penca?d:::e?::s
ot 1m 81 per cent of the cases This
penicarditia 35 bebeved b
fagy people to be the resuit of wrem el
12 and 15 commonl
chemuieal pencarding TWhy this inflammation pecurs on tz:;‘l:?
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cardium and not on other serous surfaces 15 not hvown Localized and
sometimes generalized pertcarditis was generally present m cases of
myocardial mfarction

Summary and Conclusions

The group of hypertenstve and coronary artenal heart disease m
cludes about two thirds of all cardiac deaths and a high percentage
(12 83) of the deaths in the autopsy materal

The term artertoselerotse heart disease that 1s now nsed to mclude
the 1bove two groups 1s not a good one since the coronary artenes in
many of the cases where death 1s due to myocardial fadure cerebral
hemarrhage, or uremia are only shghtly affected and often not at all

Death mn the total group of hypertenstve and coronary artenal
diseases, mn order of frequency, finally results from coronary disease
(47 85 per cent), myocardial falure (34 10 per cent) cerebral hemor
rhage (13 per cent), and uremia (552 per cent)

Most deaths 1 both seves occurred m the fifth through the mnth
decades The sexes showed the greatest difference of mmvolvement i
the coronary deaths, where the males far outnumbered the females
The females predomunated significantly m the ap plectic type and
m the fourth and fifth decades 1 the uremic type There 1s 1o age
bevond which one can be considered exempt from liypertencive or
coronary death

The so called adult tdiopathie hy pertrophic heart 15 a rare condi
tion if 3t occurs at 1) The large heart with myocardia} faure with
out a recorded high blood pressure {about & per cent n the series)
needs further study to determine the actual couse of the cardrac en
largement

The chief gross pathological changes noted were atherosclerosis and
thrombosis 1 the arterses and hypertrophy fibrosis and mfarction
i the myocardium About 25 per cent of the coronary cases did not
have myocardiat hypertrophv

Coronary sclerosis with few esieptions was not extreme except
among corenary deaths Coronary thrombosis was rircly seen except
1 the coronary cases where 1t was present in over half It was alvays
associited with severe coronary scleross

The left coronary artery was much more commonly and extensinely
mvolved than the right

Mjyocardial fibrosis corresponded m frequency and degree with the
degrec of coronary sclerosis Infarction of the myocardium rarely o¢
curred except among coronary deaths where it was noted m 43 per
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cent Oceasonally mfarction was present without a demonstrable
thrombus Rupture of the mynn:u-dmm was present n 9 per cent of
the cases with dial This p has d d
ance 1939 when the madence of rupture 1n 281 cases of nfarction
was 16 per cent Whether this reduction 1s due to the use of dicumoral
ot other anticoagulants 1n recent vcars or to other causes needs further
ana\) B4

ditis with £t & was seen only i the cases
dymg from uremua (31 per cent) or m the coronmary cases having
myocardisl infarction
With the exception of rupture of the myocardium with hemopen
cardum followng mfarction there 15 pot a suffictent amount of
anatomte change noted 1n the above groups of hearts as a mle to
account for the cardiac deathy
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by GEORGE A PERERA

The Adrenal Cortex and Hypertensive
Vascular Disease

TIr nas been said by <ome that the adrenal cortex governs the cell
the psyche sex and the soul not to mention most of the diseases of
102n that hutherto have been of unknown eticlogy As the subject of the
adrenal and hypertension has been reviewed elsewhere 1n more detal*
and a3 Dr Selye xpd Dr Braun Menendez have elready discussed
certamn aspects of the problem I shall deal prncipally with our own
studies 10 patients with hypertensive vascular disease

As bachground however I should Lke to remind you that the
adrenal—and practically every other organ and structure—has been
related to hypertension for half a century It has been involved m
almost every expenmental approach For example Dr Goldblatt

made the imtial observation that bilateral adrenalectomy interfered
with the devel 1

or of exp 1 renal hyperten
sion Dr Shorr finds 1t necessary to consider the adrenals in hus studies
ot trop: les Epmeph mechon alters the output of
cortical hormones The adrenal

cortex moreover s losely related to
sodum metabolism and there are many suggestions of a disturbance

10 the salt and water metaholism 1 hypertensive ammals In sddition
elevation of the blood pressure has been reported following, the ad
mmstration of vanous sterols And finally in 1939 Loeb and k.
associates first noted 2 nise 1 the blood pressure 1 association with
the mjection of desoxscorticosterone esters followed by Dr Selyes
deseriptions of the many profound morphological changes which can
be produced bv large do ¢s of thrs steroid

Yot are al famdiar 1 am sure with the assomation man of
hypertension and adrenal cortieal tumors and of the reduced blood
pressure i Addisons disease Howener 1% 13 no longer held that

Mt “rz;les A“ I;mn The adrenal cortex and hypertension Bull New York Acad
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almost every expenmeutal approach For example Dr Goldblatt
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of sasotropie E

i renal hyperten
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mmstration of vamous sterols And finally i 1939 Loeb and Ips
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deseriptions of the msny profound mmorphological changes which ean
be praduced by targe doses of thus sterosd
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pressure m Addisons disease Flowever 3t 1s no longer held that
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adenomatous or nodular hyperplasia of the adrenal cortex 15 the rule
m essential hy pertension, although the literature contams numerous
references to this effect You are alf famihar and will hear more of the
story of salt and low sodum diets and the adrenal implications of
such therapy are obvious

Our own studies stem from the repeatedly confirmed observation
that desoxy corticosterone may give nise to hypertension 1o the course
of the treatment of Addison’s disease Today, for example, the majonty
of patients with adrenal cortical msufficiency who have been mun
tamed on this steroid are, or have been hypertensive at some time
One has developed transitory retinal hemorrhages others, although
the role of comcidence cannot be overloohed have sustained myo
cardial mnfarctions All observations were made 1n patients with estab
Iished but uncomplicated hypertensive vasenlar disease on a balanced
regimen employing 1dentical menus and regulated sodium and flmd
intakes ‘Resting” blood pressures were determmed—multiple morn
ng readings by the same abserver on a resting patient after at least
a 8 week base line period—further to substantiate the significance of
smaller changes and the effects of psychotherapeutic nfluences were
elminited by varous techmques It should be emphasized that all the
blood pressure modifications reported today reflect afterations mn the
penipheral resistance rather than n the cardiac output or plasma
volume

1t 15 our conviction that extremes of sodium withdrawal or supple
mentation almost always modify the resting blood pressure of hyper
tensives Comparable diets have no effect on the arteral tension of
normotensives The changes with a sodium chlonde mtake of just
under 1 gm are of small magmtude (about 20 mm Ig systohe and
15 diastolic) though somewhat greater when the restriction approv
mates that of the so enlled rice diet To our minds perhaps those who
fail to demonstrate these changes do not employ such rigorously con
trolled conditions or they mensure the blood pressure by some casusl
or more varable method Those who clamm more extravagant results
generally sgnore the effects of psychotherapeutic mfluences or omit an
adequate base Ime period Prelminary studies m our clinic suggest
that thioeyanates increase the excretion of sodum, particularly when
admimstered to hypertensives One might speculate that the depressor
action of thiocyanates mvolves sodium mechamsms By our method
of study, thiocyanates have showed a small but consistent effcet of
lowermg the blood pressure m all the hupertensive cases we hate
observed Of perhaps greater import 1s the fact that the rigd restrne
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tion of saft masks the pressor response of hypertensives to desoxyeottt
erone
mfll‘hr;z 1 considerable evidence of a salt and water disturbance
hypertensive vascular disease You are aware No doubt that many
patients can reman on diets contmming practically no salt for penods
of weehs or months—with maintenance of serum sodwm valves and
of well being and no apparent difficulties except distaste for the diet
Normal persons on the other hand ate more prone to develop one or
mote svmptoms of sodium depletion and dehydration and demon
strate a reduced ability to therr sodium sons and
plasma volume The difference can be brought out by » single day of
ngd salt restnction hypertensives hold to their weight and flmd
balance whereas normotensives lose weight and have 2 more pro
nounced diuresis
Wkat 1s the mechamsm of the alterations in the blood pressure which
follow modification of the sodum mtake? T wish 1 knew Howeter
the following story gives nse to the strong suggestion of adrenal corta
¢l particspation * We recently observed a woman with both estab-
Iished ¢s ential hypertension and Addisons disease (who also bad
diabetes mellitus rheumatod arthnhs and a few other less m
portant condittons) On two separate occasions 1t was noted that a
bugh sodium chloride intake falled to modify the blood pressure When
she was mawtamed on exther 1 or 4 mg of desoxycorticosterone acetate

daily the blood pressure rose with an increased mtake and fell when
the salt dosage = —* ¥

on the basis of |
no ehimeal or lat
ton with a mar
eostoophile resp

P
exhitited a preswur response only when some exogenous steroid source
was provided As a result I would suggest that the action of sodium
8 mediated throngh an adrenal mechanism rather than through direct
vasopressor action or the mtervention of some

sndepes
Pressor substance pendent. wenal
Returning to the effects of
sterox -
g to U d admumistration we €
wit
m

1

ea2u1 G hagan Hypoadrenalism
e blood Steronds] mediation of sody
P“h‘_lm:ﬂml’! modification of anturthntic response to cartione s“h'f:'\’\;"ﬁ‘;
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salt or water retention The response of hypertensie patients was
constdered next, and m this group defimte ncreases 1 the artenal
tension were obtamed withm a few days A smgle study employing
Compound S of Reichstern gave nse to sumilar pressor effects Agam
this could not be asenibed to alterations un the plasma volume tran
stent retention of comparable degrees bemg observed here but also
normal controls i whom no immediate changes m the blood prescure
could be detected If one continued the desoxy corticosterone by means
of daily injections, a transient but at times a sustamed ncrease m
pressure could be produced Up to the present time we have studied
2 patients with both documented hvpertensive and Addison’s disease
In both instances the elevation of the blood pressure disappeared
with the advent of hypoadrenalism even when the electrolyte balance
was restored and mamtamed but returned to abnormal levels while
the patients were recerving sterord therapy

Hoping to disclose the eustence of some counteracting hormone or
to depress existing adrenal cortical function, we subsequentls demon
strated that whole extracts of the adrenal cortex gave nise to small
decreases m the resting blood pressure 1n 8 of 4 hypertensive subjects
In addition, the simultaneous use of adrenal cortical extract appeared
to block the pressor effect of desoxvcorticosterone

Tinally, we have had the opportumty to employ cortisone (Merch)
and the adrenocorticotrophic hormone (Armour) mn a small senes of
patients with essential hypertension Yhile having no demonstrable
effect m normotensives and assoctated with a rie m tension m 2
persons with Addison s disease (and m adrenalectomzed amumals)
cortisone has resulted m small but defimte decreases mn the resting
blood pressure 1n 5 hypertensive patients The adrenocorticotrophic
hormone on the other hand, may have hitle action or mas be defi
mtels pressor 1n both those with a normal and those with an clevated
arteral tension, even to the pomnt of being responsible for the develop
ment of hypertensive encephalopathy We are now engaged m pre-
hmupary studies suggesting that the responses of hypertensives to cer
tamn sterods differ, depending on whether they have essentral hyper
tension or hypertension of renal ongin If further cases contnue to
conform the results may provide 2 further clue separating these two
groups rather than bringing them together under one etwlogical classt
fication

It 1s now clear that at least some forms of hypertension can exnt
1o the absence of mntact adrenals It 1> now clear that sterordal re
sponses are probably not on a prumary hamorsl basis as they oceur
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ouly sfter lags and defavs of many hours and days By varyng tech
mqges 1t 15 ¢l difficult to demonstrate any adrenocortical dssfunce
tion 10 hypertensive vascular disease Xt showld be emphasized that
the data that have been presented do not justify the view that the
adrenals cawse the hypertensive state, but thev do smply that both
sodm and the adrenal cortex are related very defimtely to the regu
tation of the blood pressure Possibly this approach may gie nise ta
methods whereby we can guin further msight mto the mechamems



Questions and Dascussion

b 1aNs SELYE I think Dr Perera’s observations are certamly of
the greatest importance m evaluating the nature of the role of the
adrenals in hypertension I might add that m rats in which we have
produced hypertension by the endocrine hidney techmque, removal
of the adrenals usually causes a very considertble drop in the blood
pressure, but if such adrenalectomized ammals (which bear an endo
crine hidney) are treated with mainténance doses of an adrenal ex
tract, the blood pressure rises agam to hypertensive levels Treatment
with such threshold doses of adrenal extract in itself causes no hyper
tension We conclude that probably the drop 1n the hlood pressure m
adrenalectomized rats bearing an endocrine hidney occurs largely be
cause these animals are m poor physical condition and hence tend to
develop the hypotension of “shock’ and nonspeafic damage

The fact that sodium deprivation also tends to decrease the blood
pressure of hypertensive patients and completely prevents the pressor
effect of DCA m ammals also suggests some close pathogenetic cor
relation between the clinical and the expermmental tvpes of hyper
tensive disease

As regards the relation between the hypertensive and vasotouie
actions of DCA and the relationshup of DCA to rheumatic changes
I should Like to say the following When m 1944 we first pointed out
the relationship between the adrenal cortex and the pathogenesis of
rheumatic disenses we had to base our theory exclusnely on the ev
perimental obsersation that arthritis and rheumatic Iike cardiovascu
lar changes can be elicited m ammals bv DCA overdosage Such
changes were always considerably more common and more tense
1n adrenalectomized than i intact anmmals which suggested the pro
duction of some ant1 DCA factor” by the adrenal cortex However 1t
was only thanks to the more recent observations of Rendall Hench
and their co workers that this effect could be traced to gluco corticaids

particularly cortisone
262
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ore recently we have developed & sunple test which permuts us
to study with specual ease this antagomstie effect between gluco and
mmeralo-corticoids particularly as regards the production and pre
vention of arthntiy Adrenalectormzed amimals are jected with a
small ansount of formaldehyde mustard powder, or any other imtant
10 the penarticular region of the metatarsal jownts 1n one of their hind
legs It such animals are previously given DCA the resulting arthnbs
15 consderably aggrarated while gluco-corticords (eg cortisone de
bydrocorticosterone) effectively mhibit the formation of a penarticu
lsr mflammatory granuloma ACTH also mibits the formatien of
this expenymental ¢ topical irmitation arthmitis  but only 1n the presence
of the adrenals—presumably through the production of endogenous
gluco-corticords

Sowe time ago we noted that rats treated with an impure antenor
piluitary preparation for instance lvophilized antemor mbmtary
{LAP) respond wth the develap of p d nephrosel
and exhibit o greal tendency to develop a spontaneous arthntis * In
thus respect the LAP exhibnts actions which appear to be diametniealls
opposed to those of punfied ACTH We have not yet succeeded 1
identifying the active pnnciple in LAP but it 1s certainly not idents
eal with ACTH It may be a new hormone but there 1s nothing o
prove that 1t 1s not 1dentical with one of the already tdentified antenor
pituttary principles

T LAP and ACTH are mjected simultaneously nto rats the nephro
sclerosis producing action of the former 13 greatly enhanced by th
latter LAP given concurrentl; v e

y with cortisone likewise causes pro

nounced nephro clerosis in rats It appears that the uephrotome setion
of the LAP factor 15 greatly enhanced n its effect by the simul
timo\xs admimstration of ACTH (whick 1s predommas iy -

B e oy UUSE Jevel ev
mjected 1nto rats The mechamsm of ths pb:?xc::nilx ‘;::: ‘:“: et
mn explamed buk 3t appears o me that 1t could have eunsxdnem}b;l
’ ring on the mterpretation of renal diseases as diseases of adapt, y
ton  Perhaps the LAP factor so alters the metabolism of o
corticonds that they are transformed mmip Tmneralo cvrhco:l‘s r)It lgsluavio
56

m such 3 ma;
spansiveness to gluco cortie oner as to change therr re

ods and to cause by
¢ latter to
Tans Selye J Chn Endorrnol Feb 1936 e
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toxic Al these obsers ttions have becn described sn more detail elee-
where,* but I wanted to mention them here because of their probable
bearing upon the role of the adrenals n the production of renal and
hypertensive disease I should much appreciate 1t if Dr Perera would
comment on these remarhs

DR LDUARDO BRAUN MENENDEZ I should ke Dr Perera to give us
further evidence of the statement that hypertension induced by de
sovycorticosterone mn hypertensive and normotensive patients 1s not
caused by an increase in the cardiae output but 1s only due to an in
crease 1n the peripheral reaistance

or PERERA I am sfraid T have no additional comment to make
about Dr Selye's remarks except to reveal features about which I
am confused

Are there other pathwiyvs sn response to stress® Are the adrenals
essential? After all the adrenalcctomized anmmal 1s stil capable of
developing and forming antibodies We have seen a patient, about
whom I spoke, wha has several metabolic disturbances m addttion to
hy poadrenahsm The entire role of the adrenal cortex in the deselop
ment or accentuation of varwous disorders 1s stil a matter of pure
speculation

Vith reference to Dr Braun Menendez’s remarks I think he raised
tn mportant question yesterdas  Altheugh small blood pressure
changes occur n response to the admumstration of certam steroids,
rather than mterprating these changes as evidence of disease modifiea
tion we must bear 1n mind that the hs pertensive may respond m 2
different way These changes I agree, cannot be used as evsdence that
the adrenal participates m or causes the by pertensive state

Dr Braun Menendez rassed another question vesterday that de
serves a great deal of study —what 15 the role of the mterstiial com
partment as an mdex and as a messenger to nvoke hemods namic re
sponses? Because there 15 « demonstrable change n peripheral resist
ance 1t does not tell us the various mechamsms and pathwas
mvolved I am always reminded of the problems that when we stop
taking salt by mouth we stop putting out urine that contams a great
deal of sodium Something must tell the hidneys and that messenger
1 not the serum concentration of sodum as far as we can determune
For there are many situations 1 which the scrum concentration s
reduced without modification of the renal faucet to sodium The
interstitial compartment’s place mn electrolyte regulstion 1 worthy of
a great deal more study

«Hians Selye Stress Montteal Acts Inc Aedicsl Publishers 1950



by EPHRAIM SHORR

Hepatorenal Factors i Essential
Hypertension 1n Man

I aey el p b1 d the evidence for the par
fieipation of the vesozetwve factors VEM end VDM of renal and
hepatic ontgin respectively 1m espenmental renal hypertension mduced
m dogs and rats (1) Speafic derapgements were observed n the
tetabobin of both humoral principles as well as i the structure and
function of the capaliary bed with whose regulation they are concerned
These observations have provided the basis for a concept relating
these humoral and peripheral vascular changes to the development
and t They also f hed a set of entena
by which the relation of different hypertensive svndromes to expen
mental renal hypertension could be speafically evaluated
The relevance of these observations for human essentia) byperten
ston 13 of course dependent upon the extent to which they also occur
i the latter syndrome The relation of essential bypertension to that
produced by the Goldbiatt damp or pennephnic wrapping remamns
controversial The importance of estabhishing or excluding such a rela
tonship 18 obvsous If the valicity of expenmental yena) hypertension
can be established as an 1 condition ble to essen
al hypertension then the contimnation of such studies can be Jush
fied as directly pertinent to the problem
s“'(l;lhz ::relupment of new and highly specific yardsticks provided
pportunity at least with respect to the humoral factors and
Maseular structures with which we have been concerned My discus
non today will be devoted to the restlts of such a comparative study

ore This paper 13 based on experments 3
Inets b Abrahem Maza STv Bao o 2ot out wth Drs Be omo

the Pastley Hype
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The first criterion explored with patients having well documented,
cssential hvpertension was the bio assay of blood samples for the
presence of VEM and VDM Approximately 80 subjects have been
studied 1n this manner (2) Representative bio assays are given
Tables 1and 2 The data were 1dentical with those obtained 1n ammals
with experimental renal hypertension  Unfractionated bloods were
either neutral or showed a slight predominance of VEM as was found
m the chrome stage of expenimental renal hvpertension In the patients
deseribed 1n these tables, the fractionation procedure consisted of the
mactisation of VEM by aerobic incubation with normal kidney shiees,
a measure which unmashs the VDM content in muxtures of both
humoral factors In every instance the presence of VDM was estab
hished, and by inference of VEM The neutral blood samples, as
chronic experimental renal hspertension, therefore, consisted of mx
tures of both VEM and VDM i concentrations which neutralized
each other n the rat mesoappend:x test In other cases not Mlustrated
here complete fractionations were earried out, VDM beng mnactivated
with antiferntin serum and VEM by aerobic Lidney shices, these pro
vided a direct demonstration of the presence of both factors

Attention 1s called to several cases of particular interest which have
been mcluded n Table 1 Patient A P had Cushing’s syndrome, with
a malignant adrenal cortical tumor Her humoral pattern was typiesl
of chronic essential hypertension Two other subjects with Cushings
syndrome one aged 9 the other aged 12 not mcluded i this table
showed a simlar preture Three patients with umlateral or biateral
sympathectomies and persistent hvpertension also showed the typical
picture (Table 2) Of special interest 1s patient R P (Table 1), who
had hypertension of 7 years duration associated with an aneurysm
of the left renal artery Prior to operative removal of that hidney, she
showed VEM predominance as well as ligh titers of VDM 1 the
fractionated blood sample The nephrectomy was followed by a re
turn to normotensine levels and the disappearance of these humoral
factors from the blood stream A series of normotensn e subjects served
to establish the absence of these humoral factors in the normotensive

ate
StIn a small series of normotensive and hypertensive subjects the
renal and hepatic vemns were catheterized and bio assays carried out
on blood coming directly from the hidney and liver i order to tisl
another cnterion, namely, the i viwo elaboration of these fnctorsh v
their tissues of orgin (unpublished observations Shynrr and Z]Weléacd)
In the normotensive subjects neither VEM nor VDM could be de
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tected except for traces 10 3 of 18 subjects attributable to the conds
tions of the expenment In contrast the hypertensive subjects showed
very bigh titers of VEA 1n the renal vein blood and high concentra
tions of VDM 1n the blood from the hepatic vem 1n the mixed penph
eral blood neutral reagtions of sipyht VEM preGominance was the
e the reswltant of the admixtures of VEM and YD issumg from
the ladney and lver vespectriels

For a sunilar exploratson of the acute stage of hypertension patients
were selected with acute hypestension due to the toxema of preg
nancy pormal pregnancies serving as controls (unpublished observa
ttons Sharr and Zwefach) In several of the normal pregnant women,
mmimal amounts of both principles were detected Of the 0 cases of
toseraa oll showed hugh titers of VEM and VDM durmg the hyper
tessive phase prior to delivery Two cases were restudied post partum
on the minth and thirteenth davs respectivelv, when the blood pres
sure had returned to normotensive fesels In one hoth factors had
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date hidney biopsies have been obtamed on 4 normotensme and 4
hypertensive subjects at operation for urological conditions or at
sympathectomy 1n the latter group The same defect 1n renal VEM
metabolism observed 1 antmals with expenimental renal hypertension
was exlubited by kidney shces from hypertensive patients, VEM
appeared following both aerobic and anaerobic ncubation, whereas
hudney slices from normotensive subjects behaved as do those from
normal dog and rat hidneys, forming VEM only under anaerobic
conditions

We then turned our attention to the structural and functionsl
changes proviously noted in the mesenterie capillary bed of the renal
hy pertensive dog and rat We have not as yet been able to study the
identical capillary beds in the human subject However Dr Richard
L Lee of our labaratory (4 also unpublished data) has made obser
vations on the conjunctival vessels of normal and hy pertenstve human
subjects and has observed analogous phenomena to those previously
noted 1n the mesenteric capillary bed of animals In the normal sub
ject the pathway of a conjunctival metarteriole 1s relatively straight
The true capillanies anse from the precapillary sphmncters of this
metarteriole and usually follow a relatively straight course to become
confluent with the metarteriole and form the collecting venules
(Figure 2 Left) The precapillary sph display a threshold con
striction upon the topical application of epinephrine in concentrations
of between 1 20000 and 1 50000 These concentrations are much
lugher than those required to produce a constrictor response 1n the
delicate mesentery of the rat, a cireumstance which may be attributa
ble to the less rapid absorption of epmephrine through the corneal
epithelum In sharp contrast to the conjunctival vessels of the normo
tenstve subject whose architecture meidentally 15 comparable to that
of the mesenteric capillary bed of the rat and dog those of hyperten
sive pabients show a sinuous pathway of the metartenole which 15
usually greatly narrowed and a tremendous elangation and tortuosits
of the true capillanies with frequent complete loops and coilmgs
(Figure 2, Right) This feature 1s analogous to the hy perplasta noted
1n the mesenteric capilaries of the renal hypertensive dog and rat
There was, 1n addition, a striking enhancement of the sensitivity of
the constrictor response of the precapdlars sphncters to toprcally
applied epinephrine these vessels reacting to approumately %o the
concentration which eliaits a constrictor response the normotcnsll‘e
subject Thus the capillary vessels of the orbital conjunctiva lm the
patient with essential hy pertension exhibit an increased vascular re




Hepatorenal Factors in Human Essential Hy pertension 271

Lupunlng of

[RVINPN hypertensive patient
M C (X 150) The termmnal atteriole (4) follons g
th,

collecting venules (€ § ) Threshala ~
followmg topieal app
{Lee anc

actinity and by perplasia comparable 4o that of the mesenterse Yessels
of the renal by pertensy dog and rat
In fable 3 are assembled the several critena metahol;e Vaseular
and humoral which charactenze the renal hypertengye dog and rat
2s comprred with the d‘alu presently avadable for bumay gssen\r,:,]
ol

usion 5 amply justifieq that eXperimenta]
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Lapte 3 The Cntena for Evaluating the Hypertensive Syndrome

Rat Dog Humasn
(Perineph) (R A Clamp)  (Essentul)
Aerobic formation of VEM by the kidney

mn vivo + +
Aerobic formation of VEM by the kidney

m vitro -+ <+ +
VEM 1n the blood during the acute stege + + +
VEM and YDV 11 the blood dunng

the chronic stage + + +
Vascular byperreactivity to epinephnne + + +
Vascular hyperreactivity to VEM +
Hyperplasia of the capillary bed + + +
Renal histochemistry (tetrazolum pattern)  + + +

renal and human essential hy pertension share in common the same
metabolie defects m the hepatorenal vasotropic mechanisms, an ident:
cal reflection of these defects tn the blood, and there 1s some mdica
tion that both exhibit symilar alterations n the behastor and structure
of the termnal vascular bed

One additional eriterion has recently been added to this hst namelv,
the tetrazolm pattern in the hidney tubule The presentation of the
data may be prefaced with a description of this new Iistochemical
too! The2,3 5 trphen;] tetrazohm chlonde (TTC), 152 colorless
water soluble substance which on reduction, yields a deep red water
wsoluble formazan The mcubation of hving tissue shees with this
compound leads to its mtracellular reduction by virtue of 1ts ability
to act as a hydrogen acceptor with tissue reductases, such as de
hydrogenases (Tigure 3) The msoluble formazan 1s deposited m the
cell presumably at the sites of its enzymatic reduction, yielding pat
terns which are charactenstic for different tissues This properts of
TTC serves as an excellent indicator not only of the extent of the
enzymatic activity of a cell but also of the pattern of the mtracellular
distrbution of the enzymes for which TTC acts as a hydroged
acceptor

The techmque 1n brief 1s as follows The tissue to be studred 15
kept chilled physiological saline from the moment of 1ts excision
Sections are made as for microrespiration studies and mcubated at
875° C for an hour in a \ﬂ\olutxon of TTC The tissue shees are tbe;
fixed 1n 10 per cent formaln\and frozen sections are made and mom:;l;
1 gly cermm for microscopic stu, (ly The deposits of formazan are ref:: ri
recognizable by therr brilliant rXd Cellular detail also emerges ;l e
counterstaimng with appropriate Yreagents such as methylene blue

4
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e were struch with the potentialities of this method for testng our
concept that the d t in VEM bol m the kidney
cortex might be related to an underlymg enzymatic disturbance
the cellular metabohsm $Yere ths the case there mught be a parallel
distortion 1n the tetrarohum pattern 1o the hidney In collaboration
with Dr Maurice M Black (3) we proceeded to establish the tetra
zolum pattern it pormal kidney shces (Figure 4 Left) The normal
hudney shee exposed to TTC showed a charactenistic histologic picture
The greatest deposition of formazan occurred 1n the cells of the prox
mal convoluted tubules which were seen to be filled with finely dis
persed dustiike granules of formazan throughout the cytoplasm The
deposition of these granules was less marked 1 the distal tubules

The first experimental variation wtroduced was to ncubate normal
hadney Qices 1n mtragen for 1 hour and then restore them to aerobic
conditions As pointed out i my wmitial presentation ths procedure
leads to the development of the tv preal hypertensive pattern of VEAL
formation 10 ovigen as well as i mitrogen as contrasted with the
tiormaf of the af of VEM to b Expo
sure of these kidpey shees after anaerobie incubation to I'TC re
se2led that a profound change bad also oceurred 1n the pattern of
formazan deposition m the proamal convoluted tubules (Ligure 4
Reght) Formazan was now deposited as coarse needles and plaques
predommantly toward the borders of the cell and to some evtent
xtracellolarty This was 1 sharp contrast 1o the diffuse finely granu
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would scem that as a result of the
hour, there were parallel derangement
renal VEM metabolism and i the mtu
cnzymes reacting to tetrazohum The it
fined to the proximal convoluted tubules ne
recognizable 1n the distal tubules

It was now of interest to observe the tetr
proximal convoluted tubules of ammals with
hypertension Bropstes were made of the renal coirt
and immediately incubated with TTC in the mannct
The formazan pattern of the proimal convoluted tul
same distortion in 1ts arrangement (Figure 5) as o}
normal hidney shice which had been premeubated 1n mtro
re exposed to nerobic conditions In each wnstance <l
same biopsy specimen were mcubated m mtrogen and o
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tound 4o have the typical hypertensive pattern of VEM lormation
i oxygen as welf as m olrogen

1t would appear that for the first time a well defied histncheroinst
J2g~ kas peeh demonstrated m experitaental renal hypertension
wiuch wynlrer 2 specefic portion ot the nephron namely the proximal
convoluted tubule Furthermare thu lesion wonld seem to refleet
%me 1ype of enzymatit derapement the enzymes beng now dis
tnbuted m disarderls  fashron m the proxmal tubdlar cells Of par
‘cillay pertmence to our own concept 13 the parallel appearance of s
soetabolic derangement 1 the renal VI mechamsm of such & nature
48 20 suggest that 1t 1s enzymaticalls conditioned

Dnee this new ertenon was available 1t was applied 16 o study of
tenal buopuies from patiests wath cssentiad hyperiesmion The tetry
whum pattern (Figure 6} was mdistmgwishable from that seen ta
ey dntes of anmmaels with experimental renal hypertension where
3 kudney slices from novmotens 1e sulipects snowed the same untorm,
dispera un of dustiike Tormazan &ram2 ‘es 1a the proximal convoluted
tobules 3 1n norron) dogs and zats

This 1001 was slso utdvzed to complete ouwr sveeysment of desoxy



Freors 4 The TTC pattern of the ladnev cortex of a dog (X $20), {left)
under aerobic control and {(nght) after premcubation m mtrogen (Figures
4 5 and 6 are reproduced, by permission of the copynght owner from B N
Zwerfach M M Black and E Shorr Proe. Soc. Exper Biol & Med
T4 S50-808 1920)

lar distnbution of the formazan in the normal proumal tubule It
would seem that as 4 result of the premcubation 1n mitrogen for an
hour there were parllel derngements both in the chareter of the
renal VEM metabolm and i the ntracellular distnibution of the
enzvmes reacting o tetrizohum The latter deringement wos cop
fined to the proximal cons oluted tubules no appreciable change beng
recoghizable 1n the distal tubules

It was now of mterest to observe the tetrazohum pattern in the
proumal comvoluted tubules of anmals with expenmental rendd
hypertension Biopsies were made of the renal cortes of dogs and rts
and immedintely incubated with TTC i the manner desenibed above
The formazan pattern of the prouimal com oluted tubules <howed the
same dstortion i its arrangement (Figure 5) s observed m the
rormal hidney <lice which had been preincubated in mtrogen and then
re-exposed to verobic conditions In each imstance shees from the
came biopst specimen were mmcubated i nitrogen and oxvgen and
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found ta have the typical hypertensive pattern of VEM formation
m oxygen a5 well a5 in mitrogen

Tt would appear that for the first time 2 wrell defined histochemucal
fesion has been demonstrated m exp %t renal hyp
which mvolves 2 specific portion of the nephron namely the proxmual
convoluted tubule Furthermore this lesion would seem %o reflect
some tvpe of enzymatic derangement the enzymes being now dis
Uibuted 1n disorderly fashion 1 the proxmal tubular cells Of par
ticular pertinence to qur own concept is the parallel appearance of &
metabolic derangement 1n the renal VEM mechamsm of such a pature
4310 suggest that 1t 13 enzymatically conditioned

Once this new cntenon was avatlable it was appled to 2 study of
renal biopsies from patients with essentsal hypertension The tebra
zolnm pattern (Figure 6} was mdistinguishable from that seen 1
idtey dices of animals with expermmental renal hypertension where

:,S Yadney slices from normotensive subjects showed the same umiorm
PRsion of dustlike Jes 1n the

tubules a3 1 normal dogs angd rats

1 convoluted

Thas to} was also utilized to complete our assessment of desoxy
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Iseure 6 The TTC pattern of a human ludney cortex (X 80) (left) ma
normal subject and (r1,ht) mn a hypertensi e subject

corticosterone hy pertension in the rat (Zweifrch Black and Shorr un
published observations) The results bore out our presious evaluation
of this syndrome as differing from evperrmental renal and human
essentral hypertension Except for the small percentage of ammals
(approximatelv 20 per cent) which sustaned extensn e sascular dam
age m the course of the devclopment of this syndrome the hdnevs
from rats made hypertensive by DCA showed an entmrely normal
tetrazolum pattern in the provimal convoluted tubules

We are now 1n 1 position to summarize our present data bearing on
the participation of VEM and VDM in essential hy pertension m man
Utilizing 2 vamety of specfic enterni—metabolic derangements of
the renal VEM and hepitic VDM mechamsms 1n vitro and 1n 10
the apperrance of VIM and VDM i the blood stream the altera
tions 1n the reactnty and structure of the capilary bed and the
tetrizalium pattern of the proximal consoluted tubules—it has bren
shown that the findings 1n human essential hypertension are essen
tially the same s those 1 esperimental renal hypertension m the

dog and rat
In closing certam mplications of these findings mas be re-empha
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sized They suggest an essential simlatity between expenimental reual
and human essential hypertension with respect to the participation
of the hepatorenal prnoiples VEM and YD\ in both conditions as
well as o milanty n the myolvement of the peripheral vascular bed
wpon which these vasoactive prinevples exert thew effects They rewn
force the validity of the expenmental approach to essential hvperten
sion an approach that utiizes ammals made hvpertensive by the
Goldblatt clamp or perinephric wrapping and that permits a more
detailed analysts of humoral and vascular mechannms than has hither
1o been possible m the human subjeet While these studwes do nu\.
exclude the existence of cerfan diffe between exp

renal and human essential bvpertension they do demonstrate un
equivocally the many aspects which ate common to both Finally the
observations on the tetrazolm pattern make 1t clear that there 1s
a5 part of the picture of both ) rens and 1 hvper
tension 2 fesion of an enzymatie character in the proximal convoluted
tubules 2nd that this lesion may be related to the metabolic altera
tions 1n renal VENL metabolism which occur paralle) wath o




Questions and Discussion

DR GEORGE W FPICKERING 1 have been much interested in these
observations of Dr Shorr on VEM and VDM, and obwviously the
disturbance of equilibrium which he deseribes must be accounted
for m any hypothesis which tries to explain the vascular changes m
hypertension What I should Like to ash him s this  whether he
thinks 1¢ 1s concervable or hiely that this system plays a major part
m the mechanism of essential hy pertension m man I ash that because
1t seems to me very doubtful that 1t can do so for these reasons first
as I understand 1t, 1t hasn't been possible to show that VDM inter
jected intravenously produces & depressor response or that VEM
mjected intravenously produces a pressor response What you can
show 15 that the vasomotor response of the capillaries and arteroles
1s altered i the sense that there 15 an alteration m response to the
appheation of adrenalme Now if that hind of mechamism were n
volved m hypertension, I think one would expect an alteration m the
sensitivity of the vascular system to adrenalne or perhaps nor
adrengline

Some years ago Hulse one of Volhards assstants, claimed that
patients with essential hypertension show a normal sensiuwity to
adrenaline, but patients with Volhards pale hypertension, that s,
malignant and nephritic hy pertension, show an ncreased sensitivity
to this substance Kissm and I repeated those observations, but we
were unable to demonstrate any alteration 1n the sensitivity to adrenal
1ne 1n patients etther with bemign mabgnant or nephritic hy pertenston
We used, of course quite crude methods at the time and 1t might be
posable with better methods now to show whether or not there 15 an
alteration 1n the sensitivity to these substances

But I am always a hittle doubtful whether adrenaline or noradrenal
ine can play any sigmficant part 1 the pathogenesis of essential
hvpertension because one of the most strihing and constant thmgs you
see when you inject adrenaline or noradrenalme mto men either as 8

278
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single mjectson or as a tusion, 13 t Y of the face
and you are all famihsr with the fact that the average patient with
essephial hypertension has & ved face

You can show that m patients with essential hypertension a small
dose of adrenalme such as blanches the face of a normal subject, also
will blanch the faces of the patients Therefore it seems to me very
ynlbely that they ean have enough crculauing adrenaline of nor

adrensline 1o alter their vessels in & way that 13 different {rom the
normal

or R W GoEs (Tusa) 1 am a complete nescomer to this field
2ud T am simply comung up here and asking a simple question We
have heard that the changes that we see m the arteres and the
arterioles of the kidneys are seen even 1n the absence of hypertension
e have seen hypertension 1n the sbeence of these changes We have
seen hypertension with the kidnes s damaged and with normal kidneys

We have seen hypertension persist when the hidneys are removed
or develop when they are removed likewise with the adrenal It seems
o me that the studies of Dr Shorr are the most fundamental of al}
that we have heard to date namely, we are getting at the fundamental
pathological physiology bere when we say that alterations in these
cells themselves—something that we havent paid very much atten
bionto theactual tubules the cells of the proximal convoluted tubules
—may actaally be producing the substances winch cause the hyper
reactivity we have seen 30 often 3n these cases of essential hyper
tension

Furthermore 1 should like that Dr Shorr be grven the opportumty
to philosophize so rather than ask hin a questwon I should Iike to
ask Dr Bhorr to please go ahead and devote the rest of ks allotted
time to phulosophizing T thank 1t wonld be worth histening to

i srorrt WWhat the rest of the audience does not know 15 that Dr

;’lc:;nngs question 13 actually the continuabion of & discussion we
ad last might which was intersupted at 12 38 this m
sheer cerebral exhaustion * mornimg thiough

T am glad that Dr Pickenmy

g has asked this question beces
provides me with apother opportunity to try to clear up wh:ts‘;::
been o common musunderstanding of our vomt of view The yse o;

topical epinephnine 1 the rat mes
oappendix ass
convenient device to bnng out the ; s merly been 3

reactivity of the capil
:;T:“, l\at;ss;ls uh \‘Lh 1 affected by the presence of VF \Iu:: \iigln:;s:;e
ton whether naturally occurting or intraver
oust
This should not be taken to mean that the mﬂuencg :?n;gl;;em
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VDR on capiiary vasomotion mvolves circulating epinephrme On
the contrary, m our view it 15 much more Itkely that the sympathomt
metie agent nvolsed 1s locally produced and is something of the
nature of sympathin

In pomnt of fact, I belteve 1t 13 questionable whether any constrctor
effects of epinephrine have been shown to be exerted on the peripheral
vascular bed with the usual pressor concentrations given mtravenous
Iy The recent experiments of Goldenberg comparing the action of
epinephrine and norepmephrine show that the effects of ¢pinephrine
on the blood pressure are largely, 1f not entirely, attnbutable to 1is
action 1 ncreasing the heart rate and cardiac output, and not to its
peripheral vasoconstrictive effects Indeed whatever action it has on
the peripheral vascular bed 15 pred ntls of a vasodil! b

For these reasons, the experiments cited by Dr Pichering showing
no difference 1n the pressor effects of epmephrne 1 normotensive and
hypertensive subjects, cannot be used as evidence aganst the partict
pation of humoral factors such as VEM 1n the genests and mamtenance
of the increased pertpheral resistance in hypertension

In response to the request by Dr Goen that I philosophze a bit
about our concept as to the relation of VEM and VDM to hvperten
sion I should like first to thank hum for his generous comments on
the sigmificance of our studies

It has only been a matter of five years or less that we have been
aware of the custence of these humoral principles We appreciate fully
that there are many gaps n our knowledge of thewr role m vascular
homeostasts particularly with respect to ther causal relationship n
the regulation of the blood pressure We hasve always n the past been
careful to refran from what would be a premature considerttion of
causality and have preferred to lmtt our discussion of these prineples
to a descriptive level However it is deswable to set up a workmng
hypothests in order to provide a logical basts for our expernmental
program

In such a working hy pothesis we must clearly differentiate between
factunl data and mnference The facts about which we are certain are
15 follows The peripheral vascular bed and specifically the capliary
umt with which we are concerned has a charactenistic archutecture
and pattern of behavior It consists of a muscular thoroughfare chan
nel the metartersoles precapillary sphincters and endothebhal capi
lartes These muscular components exhibit a pertodic constriction and
dilatation, which we term vasomotion by which adjustments can be
brought about between hydrostatic and osmotic pressures, these m
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turn influence the exchange of fuds between the blood stream and
the extraceliular hssue spaces to mattan the constancy of the internal
envirorment. This vasomotton 18 regulated by humoral factors which
may be produced locally or 0 special organs such as the Lidney and
Irver Two such humoral principles with opposite effects on the vaso
motion and reactivity of the capillary muscular vessel» have been
recogmzed The first of these the hepatic vasodepressor VDM which
has been dentified as ferntm depresses vasomotion and reduces the
reactivity of these vessels The second prmerple VEM not yet 1solated
has the opposite effect These opponite effects suggest that VD{ and
VEM may eonstitute 2 homeostatic system which participates 1o the

regulation of the peripheral vaseular bed
Both of these prmaiples normally anse under specific conditions
namely hypoma and are mactnated by ther tisstes of ongm under
aerobic cond They are therefore to be dered phystol 1
les whose m 18 i latorv de

rangements 1s the result of metabolic alterations in the organ systems
n which they arnse

Derangewments 1o ther metabolism anise 1 8 vanety of arculatory
disturbances such as shock and hypertension In these conditions the
nature of the bolic d

ance in the arculation 1 abnormal amounts has been demonstrated
Thewr presence 1 the blood stream 1n shock and 1 hypertension 13

d with ch 1 1 the bekavior of the ca
fary bed which are conmstent with the mode of zction of these p:i
aples on thus umt of the vascular system What these derangements
are 1n hypertension Lhave already desenbed and need not repeat here
The metabobie lesion 1n hypertension which aceurss 1n the kidney and
leads to the appearance of VEM under both actobsc and anaerobic
conditrons has been correlated by means of the tetrazolium techmque
with d 18 the p 1 ]
.

ble for therr mppear

The secondary 4 =~
apparently as
the blood stre il w [
+uv uuill,y with respect to VEM gnd VDY
hyf;r!ensmn are not lumited by specses but are consistently obsc[ :;
lTnh e several species studied which mclude the rat the dog angd i
ey must therefore be conudered an mtegral part of hg i
sie syndrome the brperten
The problem now arses ag
to what may be th
to the genesis and mawmtenance of hyperty;nsmn e;: o eon e
at present largely cireumstantia] but also 1n mmenm“;:zzd; et
actus]

convoluted t % 1
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as well It 1s experimentally demonstrable that no changes occur m
capillarv behavior without appropriate readjustments of the artenoles
prouimal to the capillary bed It 1s also demonstrable that changes
which occur 1n the behawvior of the arterioles are accompamied by ap-
propriate rend)ustments in the capulary bed Were this not so, areu
latory homeostasis would break down and tissue dehvdration or edema
formation inevitably result It 1s one of the essential functions of the
vasctlar system to prevent such alterations m the composition of the
internal environment, and 1t 1s only with the breakdown of the vas
cular compensatory mechamsms that we observe the development of
etther of these two abnormal situations In this broader semse, the
capillary bed 1s the umt which the rest of the vascular system serves
and 1t 1s this key position which points to the importance of VEM and
VDM 1 circulatory homeostasis and persuades us that they will be
found to play a significant role mn the genesis of hypertension

This does not mean, however, that they must play an exclusive role
On the contrary, they represent, 1 our opinton onls one of 2 number
of factors, humoral, neurogenic etc all of which cooperate 1 the
regulation of the blood pressure Thus the larger blood vescels are
largely under the control of the sympathetic nervous system, and the
smaller arterioles, while partully so are predommantly responsive to
humoral factors, such as the remn hypertensin system Any complete
concept of hypertension would therefore of necessity mvolve an m
tegration of all the vasotroprc factors which can be shown to be regu
larly deranged in the hypertensive syndrome We are all too prone
to exclude this or that factor because 1t fails to provide the complete
explanation for hypertenston Such 2 ngid pomnt of view 15 unwar
ranted, for it represents an over simphfication of a lnghly subtle and
complicated regulatory mechamsm

In this final picture 1t 1s our expectation that VEM and VDM will
be assigned an essential role and we shall contmue 1 our efforts to
provide more evidence as to what this role may be
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Pulmonary Hypertension

Tyun term artenal hypertension 13 commonly used to refer to ele-
valed pressure in the systemic artenes This usage mmplics & certamn
Iach of nterest 1m artems} hypertension of the pulmonary vascular
system In the past this was due to the absence of methods for
measunng the pressure 1n the pulmonary artemes in human beings
The d of cardiae cath has rendered this measure
ment possitle and imformation 1s gradually bemg sccumulated re
garding pulmonary artenial hypertension

In constdening the subject of pulmonary hypertension 1t 15 ym
pottant to emph certain ch tice of the pul Y vas
cular systern The normal pressure 1n the pulmonary artersal system
1s low The disstolic pressure 13 relatsvely constant bemg approx:
mately 8 mm Hg whereas the systolic pressure 13 more vanable
ranguag from 11 to 30 mm Hg (1 2 8) It 1 of mnterest that the
pulmonary artenal pressure 18 much the same m the reptile bird and
marmmal although the systemic artenal pressure differs greatly among
these species (4) An unusual feature of the pulmonary artenal sys
tem 13 that the pressure changes at birth In the fetus the pulmonary
and systemic artenal pressures are approximately the game thus
allowing for flow from the pulmonary artery to the orta through the

patent ductus artenosus At birth upon expansion of the lungs the
pulmonary artenal pressure falls (5)
Pulmonary artenal hypertension 13 almost
disease of the heart or lmng P eont 1 eme
artenal syste ‘ 1 th
pulmonary a ' thz
PRESSUTe 1n t pu sy ury Arienies never nses to the leyels ob:
served
m the systemic artenes 1n systemue artenal hypertension the relative
dinstole pressyre may 1n
2] value pulmonary hyper

t always related to obvious
-

inerease 1y pressure 13 much greater The

crease to seven or eight times its porm.
tension
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In considering the etiology of pulmonary artertal hy pertension, three
Iactors are important, namely, the pulmonary vascular resistance the
pulmonary blood flow, and the pulmonary \enous pressure Diseases
of the Jung may lead to pulmonary hypertension by increasmg the
vaseular resistance, but only if the mvolsement of the Jungs 15 diffuse
and bilatera] The commonest discases of the lung producing pul
monary hypertension are pulmonary emphtsema and silicosss (1,7, 8)
Unilateral pulmonars diserse mav produce « marhed dimmution 1
the flow of blood to one lung but the pulmoniry arteral pre sure
remams normal (Tig 1) P toms will not produce pulmonar

Normal Lungs Unrlateral Puimonary | Diffuse Pulmonary
NORMAL PAP Disease with marked- | Disease as Emphysema
ly diminished flow | or Silicosts
through abnormat lung ELEVATED PAP
or Pneumonectomy

NORMAL PAP

Fietre 1 The pulmonars artenal pressure i diseases of the lung

hypertension if the opposite Jung 1» normal (9) Primary pulmonan
hy pertension 15 excessively rire but does occur (10) Whether the
arteriosclerotic lesions 1n the small vessels are the cause or effect of
the hy pertension 1s not established

An ncreased blood flow through the lungs would produce pulmonary
hvpertension 1f the vascular resistance remamed the same In normal
human bemngs the mcrease m the pulmonars blood flow due to exer
ctse 1s accompanied by a decreise m the pulmonary vascular resistance
the pulmonary arterial pressure remaning unaitered In puimonart
emphysema the merease 1 the cardine output duce to exercse does
increase the pulmonary arteral pressure (11 12) Congemtal heart
disease with left to nght shunts such as nterauricular septal defect
interventricular septal defect and patent ductus arteriosus may pro-
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duce » tremendous werease 1o the pulmonary biood flo“‘1 Thls] ‘\: 1::::
{requently accompanied by only & shght merease 1 the pulmol
;::m.\ pressure (13 1% 15) Oceasional patients with this ype of
congenual defect will havea marked increase m the puﬂtzwzz::!')";"ﬂ’if‘1
pressure (16 17 18) It 1» appatent that i these patients ihe p
monary ‘aseutar bed has been altered A simifar change sm the I;‘ﬂd
menary vaseufar bed accompantes Fisenmenger s complex nslnm! £
ypulmonary hypertension snvanably oecurs i this congental delect

9 20 13,
(lPu)mongry artenal hypertension 15 commonly observed 1n heart
disease and 15 usually attnibuted to elevation 1 the pulmonary venous
pressure In contrast to the systemic arculabion an elesation of the
venous pressure 1n the pulmonary eirculation causes & fise 1o the
artersal pressure (21) This 15 due to the small gradient of pressure
between the arteries and vemns As mught be expected on clmical
grounds the most severe degree of pulmonary hypertension occurs m
patients with mitral stenosis and dy<pnea at rest or on shight exer
tion (22) Those patients with dyspnea oxly on moderale exertion
have & lesser degree of hvpertension and patients with putral stenasts
who are asymptomatic may have a normal puimonary artenal pres
sure Patients with it ventrientar fadure due to systemic hyper
tension or 2ortic valvular disease usually exhint 2 mid or moderate
puimonary hypertension

As menboned previoudy pudmonars artenal hypertension occur
rmg 1 the common \ypes of heart disease 15 usually attnbuted to
pulmonaty venons hypertrusion Some recent observations would
indicate that wnder eertain circumsiances there may also be an altera
ton 1n the pulmonary vascular resistance Certam patients with mitral
stenasis exhubit o evere grade of puimonary bypertension the fevel
of pressure often hing that 1w the systemic cireufation Yet
these patients may exhubit nore of the signs of frank pulmonary
edema aithough they are usuatly weapacitated by esertional dyspnea
3: :::Isds:;: :l'.f}f‘iclﬂl l;l explaw the absence of overt pulmonary edema

© gradient of pressure 1 the pulmonary vascular svs

tem to be norma) For if thus were true the pulmonas
capsll
sure would be well above the collord s . e of the sl

motic pre
A ltkely explanation 13 an nerease m resxst:n:, ':;e&fetgilx:asma
arterioles Recent studies of Dexter (23) have offered proot io:n:l:y
hypothesis He has been able to measure the pulmonary capall iy
pressure by an ingemous technique and has found the udp tm
pressure between the pul artery and pull 3 gr“ o

P ta



286 A Symposium on Hypertenston

be mcreased 1 certain cases of mitral stenosis and left ventricular
fatlure

Much work remnimns to be done on the mechamism by which the
pulmonary vascular resistance 1s mereased Neurogenie factors do not
appear to play an important role n the merease, but there 15 some
cvidence that anoxia may have a part (24 25, 26) The sigmfieance
of the artertosclerotic lesions of the small pulmenary arteries which
often accompany pulmonary hypertension has been a controversil
subject On the one hand, these lesions have been mplicated as the
primary etiologic factor in the production of hypertension On the
other hand, the vascular changes have been nscribed to the effect of
prolonged pulmonary hypertension on the vascular system The <olu
tron of this problem would appear to awmt further knowledge of the
pathogenesis of arteriosclerosis



Questions and Discussion

DR MAURICE B VISSCHER I have been very much interested 1n Dr
Ebert s excellent work on this problem I just want to ask hum one
queshon—\vhelber 1n the typc oi case that he referred to last in which
there was no histel 1 end of damage to the
pulmonary vessels and yet there was great pulmonary hypertension—
whether m such cases he has measured the cardiac output and caleu
lated the pulmonary resistance?
ok £2Ert The cardiac output in the patient that Dr Visscher men

tionied was decreased to about half the normal value Therefore the
vascular resistance was markedly ncreased
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by STEWART WOLF
and HAROLD G WOLFF

A Summary of Expermmental Evadence
Relatmg Lafe Stiess to the Pathogenesis of
Essential Hypertension 1n Man

Introduction

Sice the itroduction of the sphy gmomancmeter for routme se 1
the examination of patients, there has been 2 Inely and increasing
mterest n the occurrence of pressure readings i the braciual artery
elevated bevond the wverage range Although the sigmfieanc, of such
deviations 1n terms of sichness and death has not been established ts
occurrence from tume to time has led to the recogmtion of a distase,
essentinl hypertension the diagnoms of which may depend entirely
upon the consistent finding of an elevated artemal pressure m the
absence of evidence of vascular or other anomaly or prmnary Tenal
disease Recently investigators have been ye evalunting the coneept of

essential hypertension  In the words of Perern * The ¢vidence pomts
trongly toward 2 group of mndependent processes related to or nug
mented by hypertensive vascular disease not necessarily related to
each other and so vanable i the degree and role of their appearince
that = direct correlation with the level of blood pressure 1s conspicn
oushy absent Ruther than Yook upon the blood pressure as responable
for other complications 1t would be prefer ible to Tegard st 1s one of 2
group of effects all stemming from the same underlving disorder (1)

A study of escentiil hypertension therefore involves a considera
tion nat only of blood pressure levels but of the whole hemodynamie

rore This paper 15 bised on \udies cneried out with the collaboration of Drs
Ceore A Voll John Plaffer Jan P Stesenson Charles 11 Duncan Robert A

Schoesder John T Flvnn and Herbert S Rupley
*The study was awled by grants froua the Commonealth and the US Puble ealth

<ervice Nationnl Institutes of Health
288
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process of the destructie artensiat thanges v the bram lheari and
Jadner and nltumately of the hypertensive person humsell 4

There has beep a gradually “ccurulating body of evidence {0 indt
cate that & consideration of the hypertensne Bumealt, of s atttudes
and reachion pittery may be basic to the understanding of the disease
escential hypertension Sce the eashest mmestigations data hase
been accumulating Jnkong elevations in the Hlood pressure and the
arcompanting changes of the hypertensine syndrome with stressful
fife stuations (1) The concept that the body mav react to the <lgs
1ud artows of outrageous fortune much as 1t does 10 ackual dimgs and
arrows has become fauly well established for the sespimtory passages
(@} the gestrowtestioal tract (3 4) and elsewhere (3 © 7 The
morbid process ims ofs es the unduly intense or <ustamed use of normal
fameostatic adaptive patterns designed for phasic or short term needs
The nususe of such adapine pitterns has thus coptributed 1o the
pathugenens of Aroublesolne ssmplor and disease states (8) Tle
Present comrmumication attempts to pull together evidence relatmg
Mfe stres and the consequent reactions of adaptation to the patho
genest of essential hspertension

Erpermental subjects One handred and three persons with the
nsual signs of esseritial hvpertenaion were followed from day v das
oser 2 pertad of from one to hve vears Data on most of them have
been reparted 1 detu elsewhere (9) The esidences of essential hy per

tenvion included sepeatedly finding the artemal pressure m the arms
at 1669 om By or gher m the absen ¢ of 2 Y =

aie 818 €1 vears A corefyl Ife
stors and personality study was made bs methoas afready desenbed

ilse“here {16} Dau\"mmemmg these palients were gathered fram

3 2 vey <seatn anal
erviee case study and psychologic tests Moreover the:.t‘t)lts!:sd:)::a‘(
manahons of the wubyects were assessed by observation of th,
hekavior and reattions espteially durtg the discusaon of dliﬁc:i;i
:.xte eXpertences by thungs eud and foft pnsang and by statement,
trg:\hother members of thetr fanibies and from athers The tvery ei
o\ ;:2;?“‘: );:m:es; 2 most of these subjects was elagsified as
e ca,a.::; 3 e;;xd e had advanred retiaopathy ar endence of
e T renal damage Less thn one thard of them dv played
‘mial retiml change or shght cardine enfargement, or m&; S;b
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normahty In only 18 did clearance and concentration tests show any
smparrment of renal function

Most of these persons became subjeets for one or more of the varous
experimental procedures outlined below Twelve were studied both
before and after lumbodorsal svmpathectomy and 4 hefore and after
complete sympathectomy

In the day-to day records of these subjects special note was made
of the circumstances surrounding a sudden transitory mse or fall of
stnhang proportions 1n the blood pressure A sustamed lowering of the
blood pressure also became a subject for special attention Finally,
short term observations were made in the experimental setting duning
the discussion of significant personsl conflicts The effects of discussing
a troublesome topic were observed directly by recordmg the words
of the patient and by noting his reactions gestures facial expressions
and general behavior, inferences concerning the significance of the
mterview situation were drawn with due consideration of these and
earhier observations

Control subjects were selected from a vanety of sources In an at
tempt to lighlight the characteristic features of the hypertensie per
son and his responses, comparnisons were made with a group of 150
patients with vasomotor rhimtis or bronchial asthma Tiwenty healthy
adult persons of both sexes (12 women 8 men) from the laboratort
and hospital staff also served as controls and finalls, control studes
were made on 61 patients with a variets of disorders but without
hy pertension

The Over-All Attitudes and Reactions of Hypertenswe Subjects

In agreement with the findings of Sheldon we found that hyperten
sive subjects were more square and muscular than average (1) Thes
were nonreflective and displaved a taste for deahing with problems by
action Many of them cxhibited signs and syvmptoms of excessive
sheletal muscle tension I'rom the standpomt of attitudes as well as
of circulatory physiology, they were mobilized for combat, but did
not engage m 1t agunst the pertinent adversary Under a facade often
affable and easygomng they were tense wary and suspicious afraid
of committing themselves They were poised to strihe but withheld
therr punch with a guilty fear of its consequences At the same time
they displayed a strong need to conform and keep peace This coupled
with an mnability to throw themeelves wholeheartedly nto things be-
cause of fear and suspicion made 1t difficult for them to beheve



Tafe Stress and Human Essential Hypertension 291

ag or to derne real satisfaction from ther accom
::ﬁ::xgr}zn: ?I!'\lf::'“ie%l a need to show prowess without exhibiting n‘g
gression and continually feared that they would not succeed m do
mgﬂs;;erlensne persons were found to take out thetr aggression n
some vieamous way, by escellng fl?:tu or merely hynx:E e;:::zc 2{
ral activity or excessive eatmg ey were promine!
i::; W‘lﬂ! appilr;mces and saving face As children they bad all been
snduly shy They blushed easily and were rarely able to admt they
were wrong Most of the marned ones selected domineering mates
In the background of the subjects we studied were the following
common Greumstanees which may have provided conditiomng situa
tions Many of their mothers were stiff and domineerng They were
imelined to demand 1 and withheld
given They especially refused to tolerate
children felt themselves forced ¢ ===~
by bewg good Many of our
wth this challenge and mana,
themselves closest to the mother Ihis accomplishment mevitably
mvolved the development of strong hostility toward the mother which

wag suppressed with varying degrees of success but was associated
with guilt

pproval if 1t was not
outbursts of anger Ther
PO~

In bref our hypertenmive subjects often gentle poised and ap-
parently easygorng were filled with aggresaive dnve which was tight
Iy restramned by a need to please (10) These findings are 1n general
agreement with those reported by earhier observers (12 13 14 15)

Changes wn the Blood Pressure dunng Perods of Stress
An analysis of changes 1 the blood pressure was made m a group
of 23 hypertensive and 32 control subjects who dunng 2 penod of
relatine tranquidlity and secunty were abruptly subjected to discus

sions of sigmficant personal problems while the blood pressure was
'measured at as frequent mntervals as

possible In  stimulu
the wterviews could be grouped mio three general catzgsoi:;:ng;l;)
those 1n which the subject felt threatened by the discussion of his
tmportant personal conflicts (2) those 1 which the subjeet did not
fect threatened by the examimer but m whom the recollections, :!
Pertment matters evoked such pamful associations as to const;
a relnmg of the situation d e

scussed (3) those 1 which
benefit of being able to talk aver problems with o Symptaht;er:?:l:r\:s
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detached person predominated so that the mterview was more re
assuring than stressful

The effects on the patients of mterviews m the first two calegartes
were varable but fell generally mto one of two groupings (a) they
considered themselses menaced or trapped, (b) they considered them
selves deferted or overwhelmed None of the snterview situations was
so startling as to evohe sudden fright or alarm

When the subjycet constdered humself a5 in the first group menaced
or trapped he might or might not give open evidence of hus fechng
When he responded, as m the second with 2 feeling of bemng over
whelmed however his accompanving feelmgs of terror or abject
despur were usually evident

Generally spealing reactions of the first tvpe were accompanted
by conscious or unconscious emotions of anyiety resentment or hos
tidity and were assoctited with a rise in the blaod pressure while re
actrons of the second tv pe were associated with a fall in the blood pres
sure or no change

RISE IN THE ARTERIAL PRESSURE

Twenty one of the hypertensive and 16 of the control subjects dis
plased the first type of response and with 1t a rise m the blood pres
sure The data are reported m detail elsewhere (106)

The 16 normotensive subjects exlubited n over all average con
trol blood pressure of 119/76 wle the average control blood pressure
of the hypertensve group was 165/103 mm Hg The average mean
pressure m the normotensive group was 90 mm Hg and m the hvper
tenstve group 124 mm Hg (Table 1) Durnng the stressful mterviews
the blood pressure of the controf group rose to an average figure of
131/81 of the hypertensive group to 180/117 Therc was an mverage
mcrease m the mean blood pressure of 8 mm 1n the normotensive
group and an merease of 17 m the hy pertensn e group

Comment It s esident that during certn t3 pes of eniotional con
flict all of the subjects hypertensives and normotenstves abke re
sponded with mncreases 1 the blood pressure mdicating that such a
reaction 1s not pecuhar to those with vascular hypertension but 15
part of a widely shared rcaction to stress

TALL I\ THE ARTERIAL PRESSURE

Two persons m the hs pertenstie group and 6 among the controls
showed dunng mtervien a response of the second tvpe with an ath
tude of bemg overwhelmed In each wmstance the Mood prevsure fell
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below the wmtial Jevels In one pesson during a pertad of fecling oer
whelmed even « cold pressor test mduced a precipitons drop in the
blood pressurc rather than the sharp nse this patient usually dis
played (Fig 1)

P o .

a0

170

180 Froune 1 The fall 1 the systohe and dustohc

150 pressures during & cold pressor test m s hyper
tensive subject durmg feelings of bewg over

140 helmed Under usual this subject

130 displayed a brisk rise mn the blood pressure

120

no

100

Changes m Other Indicators of Cardiovascular Dynamics

Tarher students of the subject have shown that the elevation of the
arterial pressure 1n essentsal hy pertension 1 largely accomphshed by
an mcrease 1n the penipheral resistance Thus only humited inferences
can bt drawn from measurement of the blood pressure alone smce
therebv one cannot distnguwish the underlymg mechanism responsible
It thus becomes pertinent to snqusre mto the factors whick control
and modify the penpheral resistance as well as those which evoke wnd
modify the blood pressure response

In an attempt to gather data on this pomnt 89 of the hypertenwe
subjects and 36 of the control subjects were observed on one or more
oceasions while lying on a emtically damped ballistocardiogsaphic
table constructed according to the speufications of Nickerson and
Warren (17) Six of these subjects were studied before and after
bulateral lumbodorsal svmpathectoms and 2 before and after total
svmpathectomy

The ballistocardiographic observations were usually made with the
subject m the ‘basal” state, although for special reasons chservations
were recorded at various times throughout the day but never less
than 2 hours after meals In each mstance recordmgs were begun after
20 muwnutes’ rest on a comfortable bed m the laboratory The blood
pressure was aseertamed by the auscultrtory method approximatefs
every muute balhstocardiographie gs were made almost con
tinuousls 1n some evperiments and at approumately 5 minute mter




.

Late Stress and Human Essential Hypertension 205
+als m others Stroke volume cardiac output and penphera} resist
snce were calowlated by the methods of Nickerson 1n & manner de-
scribed elsewhere (18)

Qinee one of the synplest was s of inducing an elevation 1o the blood
pressure 1s by undertalung vigorous muscular exercise observations
were made dunng the performance of the Standard Master Step Test,
they are reported m detaill elsenhere {16)

REACTION FOLLOWING EXERCISE

Average at test snd following exercise dumng relaxa
ton 10 20 hypertensive and 28 non hypertensine (and healthy) sub-
jects are given in Table @ and graphieally 1w Figure 2 Although the

Taztz 2 Changes in the Blood Pressure uod 1o Other Hemodyname Indicators 1
wnd N Persons diate);

shter a Standard Exerrise

Alter a Standard Exercise

Group 3 Minutes 5 Minutes 10dlinutes

\.;!rmmme @8

TResting 2 Minutes

ood pressure /0 109/67  WIS/6s  1l4/es  1les  107/a7
Heart rate 67 £ 68 L
Stroke velume tee) 83 107 100 9 a
Cardiag index
(mm sq m) s1 41 18 s5 30
Penpheral reastance
(wm/Hg Vmn s m) 2y o2 L3 2% 23
Hypertensive (20}
lood pressure SID 1110 188108 MI92107  192/103  174/110
lsr att fate 1 8 7 7
troke volyme (ce) 67 &
Cardiac mdex ® ™ o
(foun sq m) 27 28
Penpheral reustance o s =
(on/Tlg Ymn s m) 51 39 [ 8 ]

aserage heart rate was hagher and the av erage stroke volume lower
1n the hypertenuve group the sigmficant diference between the twy
sets of was the high perpheral it and the ¢ ;
tion of the blood pressure 1n the hypertensive group The respox\s“:
the stress of exercise as Judged by rates of the return of the h:a:
:nte and cardiae 1ndex 1o resting values was essentially similar in t]:e
wa groups Tenphera) resistance was considernbly lower rather th
hx%er following exereise 1n both groups " than
deml;::lwnt These results confirm those of Taylor et ol (19) b
Tating the falure of everciee to elevate the blood pressure
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I

o

N Figure 2 A graphic representation
o of the ayerage figures from Table ¢
e Note the similanity of the responses

M m the tno groups but the consit

. ently higher peripheral resistance

of the hypertensn e subjects

oo
o

o

o more 1 hypertensive than m

¢ hee non hypertensive subjects They

LN do not support the notton that
. exercse 1s a form of stress un
- favorible to the hypertensne
st process an iden which 1s often
o implied 1n the frequent restne

g

S’ ’ tions placed on these subjects
with respect to exercise

P

g
s
one's cese
" o
CHANGES DURING STRESS

1 With relatively free expression In contrast to the responses of
the subjects to physieal exeraise a difference was noted 1 the errcu
latory reactions of the hypertensive and normotensive subjects dur
g stress Measurements were made on subjects of both groups dunng
penods of hife stress associated with feeling states of anstety and re
sentment The averages of all the measurements made m both groups
are given m Table 8 and shown graphically m Tigure 3 The usual
almost 1nvamnable observations m both groups during the perods of
disturbance were an elevation 1n the blood pressure heart rate stroke
volume and cardite output and a fall i the peripheral resistance In
1 few mstances in both groups the peripheral resistance rose The
average mcrease 1n the blood pressure both in millimeters of mercurs
and percentage was greater ;n the hyvpertensive than n the pormo
tensive subjects The average mcrense m the cardiac output was
somewhat less 1n the hypertensive than m the normotensive subjects
1In Tigure 4 15 shown graphiealls the prototy pe of this response

Comment Tt 15 apparent that m both groups the mncrexse m the
cardiic output during the stressful period was somewhat compensated
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Figure 3 Changes in the blood pressure
and other hemodynamic indicators m nor
motensine and hypertensne persons dur
1ng more or less overt anxiety and conflict
Note the sumlanty of the responses in the
two groups but the relative preponderance
of the peripheral resistance over the strohe
volume in the hypertensive group

constnction i others The net result
was a considerably greater increase in
the blood pressure i proportion to
the mcrease m the cardiac output
among the hypertenstve than among
the normotensive subjects

2 Remed In It was more charac
tenstic for hypertensive subjects re
acting to the mterviews by feeling
menaced or trapped not to show ob
vious affective change but to displas
a calm and unruffled exterior Often

oo
.
-
«l
2|
o
“
-
1 STROKE
oo VOLUME
- <
o
o
o
[ ,//\\ w
™
« PERIPHERAL
» RESISTANGE

&

s—— N TERVIEW
e w muw

o » R

A Sympoesium on Hypertension

the reaction was altogether
unconscious but 1t imvanablv
was associated with a brish
rise i the blood pressure On
21 occasions Flynn (20) ob
served hypertensive subjects
1n such a situation and normo
tenstves 1 17 The hemods

Frovre 4 Elevation of the blood
pressure attributable to an i
creased cardiac output with a
fall in the periphersl resistance
during an interview which evohed
overt mamfestations of anuety
and conflict
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Fiotus v Elevation of the blood pressure attributable to sn inereased peniph
erad resstance with 2 fgll 1 the cardiac output 1 & normotensive subject
dunhyg an mterview concerhung sigaificant perconal ronflicts lo whicl the
subject yeacted by consciously o unconsciously “remmg tn s feclngs
0 that Be displayed an attitude of tmrufied ealm
Frotge 6 Changes sufar to those i Figure 5 observed m a hypertensive
subject during suppressed o repressed conflicts ¥a thie experment
mensutemments of the blood visconity were alsg made

namic reaction which characterized this type of respanse mcluded

maly an increase in the perpheral ressstance w1th no change m the

sttoke vofume or 2 Yght JaN A typical example of such 2 reaction

a normotensive subject 5 shown m F gure & Figure 6 shows graphical

Ig;he same type of response 1 the hypertensive subject described
elaw

The patient & 47 year old ynwarried woman firct came to the chaie
@ December 1946 complaming of headackes and easy fatigability
Hypertension had been i coversd two years before Her blood pres
stre was ysually mn the neighbothood of 200/11¢ Dunpg the expen
mentdl procedure she 4y quetly, smiled frequently and seemed
supernoally composed even during & drscussion of her relayions with
bt mother toward whom she felt mtense hostility An underlyng
rotwience was evident n her attitude howprer as miamfested by
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Iacone replies srony and understatement During the penod of mter
view her blood pressure rosc briskly, a rse associated with a marked
ierease 1 the peripheral resistance but none 1n the strohe volume
Two of the hy pertensive subjects and 2 of the controls who displayed
a faff i the blood pressute during mtersiew with the charactenstic

'
A

BLODD
PRESSURE
M

Frowme 7 A hypodynane response dur

g feelings of bemng overwhelmed The

< swoe  subject was a hypertensty e who ustally

" T oMt diplayed a pattern of reaction simiar
to that described in Figure 6

v

cangue

° uteut

f e
' PERPHERAL
/\ RessTanee
.
f o

© w - “@ 2w

riaction of bemy overvhelmed were obscrved on the balhstocardio
graph In each mstance there oceurred & pronounced drop i the stroke
volurue with a relaty € increase m the perpheral resistance (Fig 7)

Comment

It 15 evident from these observations that the cirdiovascular ap
pagatus s capable of vartous hemoads name responses to stuational
stimuli The blood pressure level 1s merely the resultant of some of
these adaptive changes Thus, m seeling o formulation of essentist
hs pertenston 1f one focused only on the blood pressure elevation 1t
would be necessary to consider and explore all the many facters
which contnbute to the establishment of the blood pressure level
The problem nught be simphfied however, if one could view essentiad
hypertension 1s a complev m which the cardiovascular changes m
cluding the blood pressure elesation were of 4 partieulas type For
example m clinieal essential hypertension one 1s able to identify not
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only that the systohc and distolie Hood pressuses re wore o less
pessustendly elevated buv that the pubse wate 15 mot sceelerated and
the strohe 1olume 15 not 1nereased The cutsneous bloed flow 15 not
altered but the visceral Blood flow, notebly tne yepaf bived flow, s
moe or less Teduced The tumodjnamie changes then, fall tto &
pattern which may be dsstingushed from at Jeast one other cardio-
1a cular patiern imvolving blood pressure elevation

n the tourse of eather studwes, and as mentioned brefly above
seversl more or les @ tinct patterns of cardioy ascular reaction
response to stress have been wlentified Oneas 2 hypedyrawmie pattern
which may be accompamed by {ambing or near fumtmg aad s chane
terzed by 3 sharp decrease m the cardiac output or penpherl ye
sigtance or bath with & consequent fall m the blood pressure Such =
Paltern was wienihified when persons found themselves . situations
1 which they felt overwhelmed aud was epcountered ocea ionalls even
among by pertensives A second pattern a hyperdynamuc one, appeared
o vt W ad 1o tbe & ds of lor exertion W In
ereased the heat loss and enhanced the peripheral blood flow and was
encountered mo t charactenisticalls dunng or somediately alter vigor
ous exestse 25 “efl a3 1D asvoviabion Wit more of less overt anmehy
asd resentment This patfern was found to be charactenzed by
mereased eardiac output and a decreased penpheral resistance olten
with an efevation in the blood pressure The mcrense 1 the cardiac
oufput was attnbutable etther to tachyceardia or an mereased stroke
valume According to Stevenson et of {(18) the former mechanism was
more often eneountered among normal subjects durmyg transitors ap
prenension while the latter mechamsm predominated among neuratic
subyeets with so called neurgeireulitors asthema
wﬁ::ﬂd::‘ ‘);::it:t:n ::s'; :h‘izyr\{)mm‘: one apparently directed

volume and mamtenasnce of the blood

pressure was the one which most closely fitted the obsersation of the
byperten e tate It was sdentibied m persons who were Ughth
straung conscios and uneonscious feelings of anity and os t’l :e
Ahsmd) of hypertensive subjects mdivated they were f"‘l\lenusl :myd
chromally 1 that state In thie pattern the blood pressure was ele

sated chefly on aceount of an 1

nerease 1 the perrpheral va

:;:“ lnm;L \vtnhnut siguthcant Change m the cardiar. output ul}j::‘::

s of rate or stroke volume As noted bel

oo or 1 ow 1t was found thay

tects did nat display exrl,

e ubie usitely this latter pattom

reumstances af stress rencted wath th

razite response The distinction wmportant cheefls b:cf::stehns;pze):

3
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fact that 1 terms of energy expenditure for work done the Jatter pat

tern was found to be far more costls than the former Reference to

Pousster’s formula (36)

Tength of arteries X viscossts X 8I1 X co
{cross section area}?

makes this point evident and suggests that recourse to one or the

other pattern for elevatmg the blood pressure may have some prog

nostic sigaificance for the hypertensive Athletes and others who con

tnually evoke the former have demonsirated that frequent use of

that pattern 1s not incompatible with good health and long hfe

Blood pressure =

Changes 1 the Physical Charactenstics of the Blood

In the formula quoted the factor of blood viscosity equals m werght
that of cardiac output and 1s therefore not mconsiderable Up to the
present, mvestigators have assumed that the blood viscosity remasms
constant over a short pertod of obseriation In view of the imporiance
of the viscosity factor, however, in determining the eficiency of the
heart purop mechamsm 1t seemed worth while to explore the posst
bility of changes i the viscosity and other physical charactensties
of the blood Such studies on 18 healthy adult volunteers, 9 normo-
tensive, and 12 hypertensive patients were carried out by Schneder
(21), who found that a pressor response, however induced, was ac
companted in both normotensive and hypertensive subjects by an
nerease 1 the bleod viscosity and a shortemng of the clottng time

The viscosity of the blood was measured by use of the apparatus
described by T ang and Wang (22)

The blood clotting time was determined by using the sificomzed
tube method as described by Barker and Margulies (28)

STANDARDIZATION

To attempt to ascertan the reltability of the method three expen
ments were carned out on 8 subjects m which four specimens (st sp
proxiumately 9 80 and 11 00 A1, 2 00 and 4 00 par) were drawn
within a single day while each subject went about his usual duttes The
clotting timme 1n each case remained remarhably constant with a range
of devzation of 1 mmute m one subject, § mimutes 1 the second and 4
munutes 1n the third subject In approumately one thurd of the tests
the commonly used Lee White Method (chemically clean dry tubes
of the same size and depth at 87° C) was carmed ont simultaneousls
with the siicone tube method of measurement The two methods cor



afe Stress and Humsn Essentral Hypertension 803

responded well but the sptead of values was much greater with the
siiicone tube

It was concluded that the slticone method was the better suited to
detecting shortened clotting trmes Arbitrarily the mean clothing time
of 54 munutes obtained m testing 48 relaxed normotensie cantrol
subects was aceepted as the novmal clotting tme a clotting time
less than A4 mnutes was considered accelerated and a clothing time
1n excess of 64 mnutes was considered ¢ prolonged

BELAXED NORMOTENSIVE YOLUNTEERS

Samples of blood were drawn from apparently relaxed healthy
volunteers over a 6 month period to determine the mean value of the
clotting time for both males and females by use of the silicone tube
method Thirty seven specimens from %o women (non menstruating)
showed & tange of from 44 to 69 munutes with a mean value of 54
mizutes Six spectmens were obtamed from 5 women dunng the first
day of menstruation and showed a range of from 30 to 38 mintes
soth 2 mean value of 83 miutes Twenty one samples were obtamed

from 18 males and the clottng times tanged from 47 to 65 minutes
with again a tmeen value of 54 minutes

EFFECTS OF NOXIOUS STIMULATION
Nowious stimulation was accomphshed by use
pressor procedure Nime relaxed v

the left hand i ice water for 2 4 munute penod The first blood
szmple was obtamed prior to the immersion of the hand after the
blood pressure had stabihized The next specimen was obtamed 2
mioutes after the hand was withdrawn from the water, and a final

specimen of blood was obtamed 3 hour later The subjects wers vo.
cuth nt thea W% 1

of 2 modified cold

'
wwlus oL e metsion and accordm;
Brown and Times (24) would be classified as normal reactors F\\ge :‘;
the 9 subjects had a nse 1 the blood pressure exceeding 20 m
systohie and 15 mm  drastoke sfter the 30 or 60 second 1, terv: g
(mmersion and could theretore be casufied 2s & ot
ny
m’:‘h}; m:;x reactors failed to show any sigmficant changes n any of
oo The hy how
ever,
:;emgt shortemng of the clotting tune by 25 Pper cent 't:h:wed -
o nlsmeld following the eold pam expenience with a ret: o e
ginal values in 1 hour without changes 1 the other md;cnat:s U;e
n
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a0 8§ of the 9 subjests expenenced \arving degrees of pan, but the
dothing e was shortened oniv i those subjects who had & pressor
nse with the pan (Fig 8

n()})::mmnt From an e(nrher study (20) 1t was postulated that the
elevation 10 the artenal pressure which often secompantes the cold
pressar test 15 4 part of the pain reaction It would appear that the
changes m the clottng time obsersed 1n these expeniments constitute
also a teaction to nowous stunulation

EFFECTS OF STRESSFUL INTERVIEWS
Schneider bas reported 1 detadl the changes observed w short term

expenments when bis subjeets wete exposed briefly to a discussion of
personal conflicts (26) Whea the mterviews were predommantly re-
assunng and unassociated with a nise m the blood pressure no sigmfi
cant chavge 1 the measured charactemstics of the blood was ob-
served (Fig 8) When the interviews sroused conflict howerer, smth

or anxety and ot there d 1
awocation with the elevated artenal pressure a shortemng of the
clotting time {(and sedimentation rate) and an increase 1 the blood
wncosity (with 2 mse m hematoent) as shown i Figure 10

DAY TO DAY OBSERVATIONS

Day to-day obsersations were conducted on both normotensive and
fiypertenstve subjects The biood pressure was ascertamed and the
clotling tune and relative blood Viscosity Were measured two or three
tumes a week In the day to-day observavions earned out in the man
ner afready described a close correlation was observed between the
fecling state the leve] of the blood pressure and the measured value
of the tlotting time and blood viscosity

Figure 11

T of the clottin,

fime the blood wiscosty the Bloed pressure and yhe feekmy, state ung
lfe tustion m 2 youny adult males one with essentia) hypertension
and one with normal blood pressure

The hypertensive subject A 8,

sear-old office worker was first
covered to have essentia) hypertension at the age of 29 whule o nil:
combatant m the amy He was g counscientiols nmd person with
:nrk‘ed 'ee\:;gs of I\Snndcqmcy who had a great need to do well and
Pease others He was Jound

underneath & pleasant and ealm i::::iee E;It;el!:e:;y e and hostle
sexual adjustment and s made an adult

was i strong mvalry with b
The hypertension des dloped fallowing the death of h\.'.‘sfat‘l‘\vgr S;:gnifr
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masriage of his younger brother He was unable to work when first
seen beeause of marked anxiety Living at home with hus aged mather,
supported by his spinster sister he had made several unsuccessful
attempts to cmancipate himself from his fanily

Ficore 11 The day to-day
correlation  between the
blood pressuse the clotting
tume and the blood vis
cosity mm a hypertensne
and a normotensive
subject

oy

He was followed over a 4 month period dunng the first § months
of which his blood pressure was nearly always in the hypertensive
range He was exammned & days a week durmg this pertod and the
clotting time and relative viscosity of the blood were measured on
Tuesdays and I'ndays of each week The left half of Figure 11 gives
representative measurements of the clotting time, relative viscosity,
and blood pressure levels on the days mdicated and note 15 made of
the relation between these values and the patient s emotional status
and life situation On March 1, 6 10, and 13 the clotting tumes (46
to 40 mmutes) were just shghtly shorter than the aserage for the
relaxed male, and the viscosity values (4 80 to 490) were within the
average range for males The blood pressures ranged from 142/95 to
154/98 On all four of these occasions which were dunng the first #
weehs, he was depressed tense preoccupied and anmous Dreams
during this period indicated hostility directed at both the brother and
the father On March 14, 17, 21 and 24 clotting times were distinetly
shortened (86 to 44 minutes), and the blood viscosity values were
dectdedly elevated (490 to 536) The blood pressures during this
pertod ranged from 155/98 to 164/108 Duning this 2 weeh penod the
depression had lessened appreciably as noted by clmical observation
and by projective psychometnic tests However the anxiety resent
ment, and hostility had ncreased as evidenced chnically and by such
statements on the part of the patient as Im feeling very tense and
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2 at home ¥ fes frustrated and
armoui“ ! Evmrda:gr;a:\“&\; mé::dmp was distushed by vivid, Teartdd
- (h‘;lasbuwta sexut ansety, nvely with, aad re:entn:‘int
:!::; ‘s brother and avnely amd {eat v conDeCURD with tos Ia “d
}‘z’nte that throughout the pertod of observation ihe clog.‘m.g ixsm:\ n\x;\ !
refative viscosity of the Bloed ~a 1hlv parafieled the cheng
“{gﬁth‘:ﬁ::mmem and observations made o {his paneny ever
\he sisbisegient 4 maaths are shown 1 Figure 14 There wse & gradual
eturn to 2 pearly normal blood pressure with the elotting tunes r:
{urnimg, 0 a0 Bverage value nf 50 punutes and the Tood wseosty o

- “u{d " ‘Iv »
R J_xl b e
¥ i

Lol
Frouwe 12 Puriber obses

Ravve
anE
atiots tntde on the hypet  wa ‘%zNU \ ,J} l\/

tegnve subject 1w

e = e e

values of from 46 10 4 8 a5 he was able to express hrmselt more freely
and tatk sbout he vesendments and antielies more directly and frank
fy Cowrwdent with these changes the pabent kad shawa less enidence
of depression and the ansiety had decreased enough to permt hus re
turn to gunin) employment

The¢ mormotensive sub ect The right hall of ¥ gure 11 gives yepre
sentative measurements over 2 10 wesk period of study of the elot
ting time and blood wiscosnty of a healthy 8¢ year old physitan to-
gether with blood pressure resdiays 2nd dafa on fus emotionsl state
ond iife stuatwon On Febroarny 37 aad Feuruary 23, duving p peood
of frustration and lack o2 pragress m bus 3o ), the sunject folt de
dee'ed ana degressed The bload prass.zes sete nosmsl the clottipg
dmes were prolonged (78 asd £ miutes) and the occosrty of the
dlood was relatyvely low On Febrarp 81 while actiyg 25 2 voluntesr
for mn experunenta) procedure he beeame anxtous and openly angry
etk & techmenn who had wrongly prepared the squipment Note that
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the blood pressure =t that time rose to 150 mm svstolic, the clotting
time was short (44 minutes), and the viscosity of the blood was ngh
(54) On Februarv 28 and agamn on March 8 the subject felt m
optimum spirtts ” The blood pressures were normal and the clotting
times were nearly exactly those of the mean value in the relaed male
On March 6 15, and 21 following the receipt of several letters bear
g bad news from home’ the subject felt overwhelmed and de
pressed Note the normal blood pressurcs but the prolongation of the
clotting times (as long as 80 minutes) This corrclation between feel
mngs of depression 1nd long clotting times w1s commonly cbserved

Comment In the present mvestigation 1t was found that viscosity
was ncrcased whenever the clotting tyme was shortened Likewice
whenever the hematoent rose the blood viscosity increased

Cannon (27) considered that the acceleration of blood clotting was
one of several responses 1n the orgamism 1n time of danger designed to
prepare for fight or fight and, more specifically, to ‘be regarded as an
adaptive process—uscful to the orgimsm—in conserving the blood
espeeially in the struggles of mortal combat *

It 1s concensable that these changes in the blood which are most
generally accompanied bv a pressor response represent 1 protective
reaction pattern m man, used durmng short transient periods of stress
which 1s beneficial 1n that the hikelihood of excessive blood loss 1s re
duced (shortened clotting time) and added oxygen demands are satis
fied (incrensed hematoerit and increased blood viscosity) However
1t 1s also concenable that if such a protective renction pattern 1s used
for a4 very long period, perhaps mappropriately then it mayv no longer
be useful, but actualls become detmmental m that a shortened clot
ting time and an mcreased blood viscosity may predispose to mtra
vascular thrombosts

Morcover, 1t appears that there occurs in the hypertensive subject
a significant ncrease 1n the over all peripheral resistance espeaally
when his artenal pressure 1s made to nise further under a stress which
he fecls called upon to meet with a tightls restrained attitude and an
avoidance of overt hostility and aggression and that changes mn the
blood viscositv form a not mconsiderable part of that change in the
penpheral resistance The mechamsm whereby these changes are
brought about however remams obscure Earlier students of the
hypertensive process have shown the importance of changes mn the
renal blood flow Therefore measurements of the renal blood flow
were mcluded 1 the mvestigation of these subjects
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Correlation between Hemodynamics and Measurements of the
Physical Charactensies of the Blood
TFypertensie snd normotensive subjects were studied simultaneous
Iy by the hallistocardiographic and the blood viscosity and clotting
tune techniques before dunng and after stressful mnterviews The
prototype of the response 15 <hown i Figure ¢ Tt will be noted that
whether the hypertensiie response was accomplished chiefly by the
cardiac output ot the penpheml resistance the blood viscosity 1n
creased and the clotting time shorlened (not ehown on the graph)
Thus when a rese i the calculated perspheral resistance was observed

1t was olear that 1t represented a predomunantly artenal vasocon
sinction

Changes i the Renal Cyreulatory Dynamcs

Thirty five of the bypertensive subjects and 13 of the coutrol sub-
Jects were observed during measurement of the effective renal plasma
flow and glomervlar filtration by the para ammolippurate apd 1mulin
clearance methods of Homer Smuth (28)

The detals of these studies have been reported elsewhere (10 29y
but the prototype of the response 1 shown 1 Figure 33 Both hyper
tensive and contro] subjects whose blood pressures rose during the
iterview situation displayed evidence of renal vasoconstriction with

Fister 13 The changes m the
Bood pressure aud  renal

P »
PR 4 a.

hemodynamics m 4 represent - -

atne subjects of the 91 test I

ed The first section of cross - -

ha ol ing represents the range
Ed™ | Ded ™ eiggfT)

ot vatsting of three separate
control penods The mean
value i ench wmstance 1 thown
at the left of the scale as 0, m_
The sobd Blark colums repre " »
sents the average change dur »
g the periods of traumatic ame,
oterview and the last cross. =
tehed column  shows the
aerage change m the post
wterview penods (This figure *
and the one that follow -
feom I B Pl
1950)
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a sharp reduction 1n the effective renal plasma flow and an mereased
filtration fraction

TUE EFFECTIVE PLASMA FLOW, GLOMERULAR FILTRATION RATE,
AND RENAL VASCULAR RESISTANCE

The average effective plasma flow when corrected for body surfice
area was 500 % 942 co/mm  (This 15 low when compared to the
figures given by Goldring and Chasis, 697 = 151 cc/mumn for males and
594 = 102 cc/mm for females) During the discussion penods there
was an average decrease of —20.5 = 30 1 cc/mun 1n the effective plas
ma flow in the normotensnve group The hypertensive group had a
still lower renal plasma flow, 460 = 110 cc/mm and exhibited = de
crease of —42 4 == 52 6 cc/mn duning the period of stress

In general during the period of stress and 1n some cases for a con
stderable tume thereafter, there was a change m the renal hemo
dynamics charactenized by a fall 1n the effective plasma flow, m
sigmficant changes 1n the glomerular filtration rate and a mse i the
filtration fraction When the mdividual cases are exammed and the
standard deviations are consulted, 1t 15 seen that there was more
uniformity m this change than in the others, the vamations m the
renal plasma flow and glomerular filtration rate operated more con
sistently to produce a mse in the filtration fraction In addition, it
can be seen that the vanations did not necessarily parallel the blood
pressure response, the renal hemody namics bemg disturbed long after
the Iatter had returned to normal

Utibzing the ratio of mean blood pressure to effective blood flow
(corrected for body surface arca) as 2 crude mndicatton of the vascular
resistance of the hidney other inferences were made possible In both
groups there were large increases in the renal vascular resistance
0014 = 0 012 umts n the normotensive and 0041 = 0026 umits
the hypertenstve graup (Fig 14) As might be expected, the control
values 1n the latter group were considerably higher to begin with The
prolongation of the increase in the renal vascular resistance 1s mndi
cated by the length of time required for the figures to return to con
trol values (Table 8 and Fig 15) Thus in both normotensives and
hypertensives the hidney adjusted 1tself by means of vasoconstriction
to the rise 10 the systemic blood pressure, preventing an merease of
the blood flow through 1t There 15 suggestsve evidence that the hyper
tensive hidney overcompensates so that 1t exhibits both a more 1n
tensive and more prolonged constriction even after the blood pressure
has returned to near control levels
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VARIATIONS 1N THE BLODD PRESSURE EFFECTIVE PLASMA FLOW,
GLOVERULAR FILTRATION RATE, AND RENAL VASCULAR
RESISTANCE DURING RELAXATION
The comerse of the above experiments was exhibited when in st
tempting to restnet the spbere of attention by the use of sodium
amytal one hvpertensive subject became very relaved and wdulged
m peasurable phuntasies before the interview was started An eflort
was then made to promote and mamtan this relaxation The blood
pressure §el} from an average contral \evel of 197/109 to 15°/92 dur
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mg the period of relaxation During the fall in the blood pressure there
was a nse 1 the effective plasma flow of 24 per cent and m the
glomerular filtration rate of 19 per cent with a resultant fall m the
filtration fraction (Fig 16) At the end of the clearance pertod the
subject was aroused from his pleasurable relaxation, and the blood
pressure returned sharply to control levels, as did the other values

v w
=
e zm;zzz.zm_ Frgore 16 Changes m the
» renal hemodynamics associat
e ed with a fall m the blood
e * sz. [7] pressure m a hypertenaive per
] son durng relasation mduced

n by 1ntravenously mpected
wo b oene W b sodium amytal
B

33 3xsys

Comment The observation that the arterial pressure and renal
clearance may change toward normal during relaxation supports the
view that the rise n pressure and the fall i clearances during the
mterview situation are truly a reaction to stress and suggests, m addi
tion, that the subject with essential hypertension may well be hving
1n a sustained state of overreaction to the minor stresses of daly life
The mechanism producing the mcreased blood pressure in responses
of this type and m essential hy pertension has been the subject of m
tensive mvestigation Evidence has been adduced both to implicate
the kidney 1n the genesis of the elevated pressure (20) and, on the
other hand, to indicate that the kidney 1s a passive sufferer from sys
temic vascular disease (31) Our studies shed no Lght upon this
problem except msofar as they indicate a more mtense renal vascular
activity m the hypertensive which may m atself be damaging to the
ladney

Sumultaneous Measurement of the Renal and
Qeneral Hemodynamues

Tn order to correlate the above data with studies of general hemo

dynamics and to ascertamn whether or not the decrease observed 1
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ihe renal blood flow actually represented vasoconstmction rather than
refiected a fall in the cardiac output measurements of the renal hemo
dynamics were made m 2 subjects while they lay on the ballistor
cardiographie table before duniag, and after a stressful mterview

Case 1 A 45 year 018 Swedish housemle was referred to the dime
becanse of dizziness and headaches related to hvpertension which bad
heen first noted 16 years earher dunog her first pregnancy Epwsodes
of dizziess were closely lated with stressful ineidents 1 her hfe
chiefly concernng her alcohohie husband At her first visit to the chme
her blood pressure was 236/148 The physical examination showed her
heart to be moderately enlarged, and there was a fant basal systolie
murmur The tadiologieal examination of the chest also showed en
largement of the left heart and the electrocardiogram showed left
ans devation

The results of observations on this patient duning an mterview are
shown 1n Figure 17 After a prebminany penod of rest and relaxation

I

i
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seyB¥E

m wh;
u ich there was no conversation the n tant g engaged m a

msh She desenbed

WIOo Wi

1 of theee ;‘a:‘: r: wsl\: ée:{:ngi;bout ber hushand s beha:fo:efl‘v:l‘s
owed anxtety mingled with

Tessure rose from 186/128 1o 242/168 ang ﬁ::;m;:r;
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Figure 18 Same as Figure 17 m
another patient prior to Jumbo-
dorsal sympathectomy

R I THIORYE|

concomttant elesations in the
heart rate stroke volume, and
eardiac output Dunng this
pentod the penpheral resist
ance (not shown on the fig
ure) fell from 89 umts to 43

There were a decrease 1 the
‘-'-'--__—___ rena} blood flow and an
crease m the filtration frac
~—  ——e——mwn —w— wu. tion At the end of the inter
< e ww me @ s s ew VIEWthe patient became quiet
and apparently calm The
strohe volume and pulse fell, but there was a persistent elevation of
the blood pressure, associated with a sharp nse 1n the peripheral re-
sistance to 98 umts During this pertod the renal blood flow remained
decreased Fimnally the blood pressure peripheral resistance and renal
blood flow 1l returned to essentially their onginal values
Case 2 A 42 year old woman came to the climic bectuse of repeated
episodes of dizziness She was found to have hypertension with read
ngs around 180/110 Physical and laboratory studies failed to reveal
any evidence of heart disease or other structural abnormalty Obser
vations of the systemic and renal circulttory dynamics in this patient
durmg an interview are shown m Figure 18 After an mitial period of
relaxation, during which control observations were made a physician
talked to the patient about some of her current conflicts such as her
preoccupation with the behavior of her adolescent daughters In this
instance the physician adopted a tone of noncommttal interest which
was 1nterpreted by the patient as unfavorably judicial She became
tense and imitated During the period of the interview her blood
pressure rose from 180/110 to 220/136 At the same time the heart
rate and stroke volume mcrersed and the peripheral resistance (not
shown on the figure) fell from 86 to 30 umts There were 2 fall 1n the
renal blood flow and an increase in the filtration fraction indreatice
of renal vasoconstriction At the close of the discusston the phy sieian
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Fioure 18 Same as Figure 17 m
another patient prior to Jumbo-
dorsal sympathectomy

g EEE U E HEE i éé_ tant elevations in the

H H ﬂﬂ heart rate stroke volume and
“n n I ﬂﬁ cardiac output Dunng ths
period the pertpheral resist
ance (not shown on the fig
are) fell from 89 units to 43

s There were a decrease 1n the
--'iv-,‘_-—-—*‘ renal blood flow and an
crease 1 the filtration frac
tion At the end of the inter
view the patient became quiet
and apparently calm The
stroke volume and pulse fell, but there was a persistent elevation of
the blood pressure, assactated with a sharp nse m the pempheral re-
sistance to 98 umts During this period the renal blood flow remuned
decreased I'mally the blood pressure, peripheral resistance and renal
blood flow all returned to essentially their omgmal values
Case 2 A 42 year old woman came to the clinie because of repeated
episodes of dizziness She was found to have hypertension with read
ings around 180/110 Physica) and laboratory studies failed to reveal
any evidence of heart disease or other structural abnormality Obser
vations of the systemic and renal errculatory dynamics in this patient
during an mterview arc shown i Iigure 18 After an mtial period of
relaxation, during which control observations were made a physiclan
talked to the patient about some of her current conflicts such as her
preoccupation with the behavior of her adolescent daughters In this
mstance the physician adopted a tone of noncommittal interest, which
was nterpreted by the patient as unfavorably judicial She became
tense and untated Durmng the period of the interview her blood
pressure rose from 180/110 to 220/136 At the same time the heart
rate and stroke volume mcreased and the peripheral resistance (not
shown on the figure) fell from 36 to 80 umts There were a fall 1n the
renal blood flow and an increase in the filtration fraction indicatnne
of renal vasoconstriction At the close of the discussion the physictan
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the operation 1¢,, with the nse 1n the blood pressure there wad a rise
smstead of o fall 1n the effective plasma flow and a fall nstead of 2
nse 1 the Gltsation fraction Tn the otbers there was a partial inver
s10m of the pattern consisting either in @ failure of the filtration frac
tion 1o mise or of the effective plasma fow to falt The formulae of
Lampott (32) for the caleulation of efferent and afferent artenolar
sesustance were applied to the data available from all the subjects
with and without sympathectomy

Tasie 4 A Summary of the Afierent an} Efferent \rlenclar Resmstance befors anl
after Sympathectamy * (Reproduced by permiason of the capynght owner
from J B Tlaffer I and H G Wolt ¥ Clin Investigation
29 12271242 1050)

..(__ Cake tuone by bampons Farmaies |+ ot
W — Z

TRW
P
PGy s b | o
Sl 1 g3 { oa | it | oeire | 470 Ho | ol | 3
[IRUN I (R N 1 I B+ R R e I
v clml m | a2
LR I I O 1 O e e /R A B
i | B | | R ) S S A
P g :;; :(‘l"f.l ;:g 1y - - ¢iss
RN TR I I L IS T Ha it
-1
“f‘y‘.“ g ::‘; 3 ;z‘ ni2 - — on?
i 1 ‘lﬁlg _m’ +108 (35 + 47
. e a2 [t
1031 ! we
LAl me 77 7’ 2 T} Hidl s
ol oy dad | R LRI L es b ese o L
B R cf wo 15 9. y o
Pe Bl {oms { ha | oous | 4% i 5
R R R T T e P L A
. . ms RETS +389 +213 o153 :::;
o 0 owe | e
Stus | w3l ws | @41 .% o B | 20
s R WlE ) i
WF W My 1256 § o -r
P bl | odhe | B1) 1es 5 36 o
SRR R RR AR T TR PTIR R R
Pou cl e 3] ‘ o Mo
My w01
Ot e d ooy 1o H vl ! -
IR AR LR R R AT P R R A
KL cl - o o g
e 5 uss 40y [ i
My Hy . T
AR e e | B ]
cpm wre bY - o o -
D)o b g R 3
o ity 10 "3 7
o HERIE R R <R RS R Rt ol 3
- ‘::;.P!ymu + 54 o113 * 00
s S s
e e e Doy ez penod
R —soml ok o
B Dol e ot Rt v 3 PR S ympsdeciony
Sl A
- Nt



316 A Symposium on Hypertension

offered friendly reassurance to the patient, and she was encouraged to
relax while further observations were made The blood Ppressure and
cardiac output dechned somewhat, and the penpheral resistance agam
rose, glthough these values did not return to their ongiral levels be
fore the close of the experimental period During this period the renal
blood flow 1ncreased shghtly and the filtration fraction fell shghtly
indicating 2 persistence of renal vasoconstriction

Meodifications of Effects by Sympathectomy

The 2 patients described were observed according to the same tech
nique following bilateral dorsolumbar sympathectomy In the first
patient the interview was accompanied by a rise 1n the blood pressure,
as shown m Figure 19 There was noted a prehminary mncrease 1 the
cardiac output without a change i the blood pressure Later, whe;
the blood pressure rose, the perspheral ce mncreased ficant
15 Following the interview the patient was encouraged and became
more relaxed At this pomnt the measured indscators fell again toward
control levels, until at the end of the experimental period she became
restless once more and the cardme output rose agair There was vo
sigmficant change 1 the renal hemodynamics dunng this ntervies,
a result dupleated by other observations on sympathectomized
patients (10,29) The second patient’s reactions after sympathectomy
were so sumilar as to be almost identical In other persons, however,
the pressor response to stress after lumbodorsal sympathectomy was
dependent chiefly upon an increased pempheral resistance For ex
ample, 1n one sympathectomized patient who displayed durng the
mterview 2 rise 1 the blood pressure from 142/88 to 184/188 there
was a neghgble mcrease 1 the cardiac mndex but a marhed increase
in the peripheral resistance, which must be presumed to have ansen
from vasoconstriction 1n areas of the body other than those denervated

of efferent sympathetic nerves

The Dffect of Lumbodorsal Sympathectomy and Spl
tomy on the Renal Vascular Function during Stress
Six of the subjects with essential hy pertension who had undergone
lumbodorsal sympathectomy and splanchnteectomy nevertheless dis
plaved a considerable rise in the blood pressure during the discussion
of disturbing topics but not an increase in the renal x7scular re
sistance In 2 of these subjects (Fig 20) the changes mn the renal
vaseular function were the complete reserse of those observed before
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perrods because he d not need to Thus & given protectine p:\l‘:e:l:
may dunng long periody of relative security remain InCOI"lSpIc (:he
and then during stress become evident as a disorder mnvolving o
gut, the heart aud vascular system the nasorespiratory apparatus the
eneral metabolism
ﬂu‘: 1?1: :11:: gccumulauon of data mterest has shifted to focus upon
the constellation of bodly changes feclmgs and attitudes that a
gwen wdnidual experiences and eshibats 1 reaction to stress Thus
Graham (6) 1mndicates that the person with Tuves 1s charactenstically
preoccupied more with bis resentments than with what to do about
them Grace (4) suggests that the consipated person exinbnts gnm
holdng on  reactions and feelmgs 1n contrast to those of the same ar
another person with diarthea whe develops this nddance pattern
when he feels overwhelmed has lost face been humiliated or 15

faced by calling for agg assertive action which he
fears to eshubit
Concerniag stoch procl for the devel

of the hyper
tensie teaction pattern the cbsersatwns of Flynn and Wolf (S4)
and Sheldon and Ball (85) made on twin gils aged 20 are dlummat
mg These guls 1dentical as far as can be ascertamed from the ew
dence provided by buth history early photographs domumant handed
ness finger prints paim prints blood groups somato-tvpes harr struc
ture and skeletal structure us studied by X ray nevertheless extubit
1mportaat differences One has had artenal hypertension for about 8
vears the other 1s normotensive Ope of the pair at birth dunng 1
fancy through childhood and adelescence and even at the time of
wntmg 15 behind 1he other Lighter n weight at birth somewhat
slawer w growth less well developed burdened with more frequent
and severe mfections less outgving emotionally less able to lean
less capable of evoking love less mmaginative 1n work and less hope
tul of success 1 pursmt of a mate she has been 1ndeed
m refaton 1o her sister truly

since faney
this relatively lesser one who

i the posttion of an alsoran Tt 1s
has developed hypertension

Flynn and Wolf were able to show that hoth gls igorousty react
8s regards blood pressure elevation and increase 1m penpheral
ance dunng mierviens i which

o foous These chang:

resist
pertinent personal data are by

es are shown graph To
2 Mtwlhana 31 graphically m Fo

rought

n

@ u ue diner at a normotenswe level
It thus appears that not only were they poured out of the same mold
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The results of these caleulations (Table 4} mdicated that there
was a nse m both the afferent and efferent artertolar resistance m all
35 subjects without sympathectomv Following the operative proce
dure 1 § of the 6 subjects, however, although the afferent artenoles
continued to constrict during the nise 1n the blood pressure induced by
stress, the efferent arteriolar resistance was definitely mibited It s
of interest that the subject ;n whom this phenomenon was not suc
cessfully demonstrated had a partinl sympathectomy, the lower por
tion of the sympathetic cham, L ¢ was not 1dentified 1n the specimen
examined postoperatively And presumably had not been removed as
mtended Lor companson because Gomez (33) has deseloped 2 dif
ferent mathematical treatment of renal hemodynamics, the efferent
arteriolar resistance was calculated by his method The results are
also shown in Table 4 and are comparable to those obtamed with
Lamport’s formulae, both m magnitude and direction of change

Comment It 15 suggested by these experiments that durmg the
response to stress both the afferent and efferent artenoles constrict
but that the action of the latter 15 dimmshed or abolished after re
moval of the renal nerve supply bv sympathectomy However even
though the efferent arteriole ceases to function the afferent arteriole
has a certain autonomy of control which enables the kidney to pro-
tect ’ itself against a systemic nise 1 the bleod pressure

The relation between a susceptibihity to transitory hypertensine
episodes during stress and the pathogenesis of sustamed essential
hvpertension 1s still not altogether clear but the data recorded sug
gest that the two are related as reactions of different degree and mn
tensitv to a similar set of circumstances mn an appropnately susceptible
person An important connection between genetic and cultural back
ground or ‘stock’ and susceptibiity to hvpertension has long been
recogmzed since certmn persons and farmlies are more likely to ex
it hypertension than others Indeed expenence with others of
man s protective reaction patterns would mdicate that they are deeply
ngraned since they occur 1n many persons of the same stoch undex:
anlogous conditions It seems hikeh that they are ‘stoch bound
analogous to the retmever pattern i dogs, the runming pattern m
horses, hoarding 1n squurrels bulding and space ortentation 1n bards
and sects, and sham death m opossums The mplication s that the
imdividual and s clan meet Iife in a particular way, and m a different
way from the members of other stochs An individual may have been
a potentin] ‘ nose yeactor’ or ‘ colon reactor all his ife withont e\:;
actualls hawving called upon the protectine pottern for sustun
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as to therr structure but they oth respond sumlarly dmn% Su:)s[sh
The eshibnt those Protectne Teaction patterns having to \]\D \d o
mobikization for action Notwithstanding onlv one has felt oblige A
stnye almost contiuously from birth It may be that the d;ﬁcrledce
betwween the hypertensive and Normotensive 3 one of congenital de-
feet But 1t s hardly ikely to be speatfic »n terms of & Qderanged ap-
paratus for regulating the blood pressure It 15 simpler to postulate
that the bypertensive gil 15 exhibiting 1 her cardior ascular ::pparalus
the effects of ed attempls to pensate for her

made espeerally sppavent to her by the a h s of her better
endawed sister In all events these twins demonstrate the nature of the
inhented stock factor Both possess a Inelv vasomotor reactisity~
only one to date because of hife expertence Tas used 1t exeessvely

Concluson
From the exp tal data d 1 this 100 1%
1s spparent that vanations 1 the systole and diastohe blood pressure
Yevéls i barmal as Wwell as hypertensive subjects correspond dlesely to
vaations m the individual s attitude toward tus hie stuvabon In
general when the subject considered humself menaced or trapped
elevations i the arterial pressure were ohserved When on the other
hand he felt overshelmed and utterly defeated for the tme beng

tus blaod pressure fell below normal levels
In producing elevations mn the blood pressure a varety of hemo
dynamic mechanisms were concerned Among these could be dis
tingusshed two more of less distinet patterns In the first, the blood
pressure elevation Wwas attnbutable predominantly o sn ipereased
cardiac output In the other 1t was due chiefly to penpheral vaso
constriction In both reactions the blood +iscosity was wereased and
the clotting, tme shottened and associated with both these there was
observed a decrease m the renal blood flow The fiast Tesponse that

charactenized by an mereased cardiae output without an increase
the heral occurred regularly 1 with phys
cal exertign and was typical of reactions m which apxiety and con
flict were evident snd mamly overt The second response, that charac
tenzed by penipheral vasoconstriction vth an mv:xeas':d' eardiac out
put was typieal of reactions 1 which restramnt was promment and
i Shuch the subject displayed 2 stnking need 1o suppress the recogn
uo: or\npre:; U,;e m:dnﬁes{tnhons of hus confet g
DPiyIng the formula of Poussiey whi
to blood pressure cardine output and ;e};l;;}::f; r::fgﬁn:t:e




Ficure 22 The hemodynamic

the non hypertensive

changes 1n
twin dunng & stressful intervies

320

FIGURE

a1 The hemodynamic

changes the hypertensive
twm dunng 2 atresstul

SR E
voLuwE

wconTROL-#a— NTL

S rE

ntervies

21,000
pRESSUAL

|
E a@@% %

AVIEW

AIPHERAL
RESISTANCE

canp AT
uTPUT

o

o 20 0
FuME 1N 8 NUTES

|



Questions and Discussion

DR BENSAMIN 3 cLawsoy This very mteresting paperas now open
for discussion Do we have anv psychiatnsts here?

PR SBLEY W HOOBLER (AN axoor) 1 dont answer to hewng 2
psvehnatnist but the worh of Dr Wolff and hus associates has been
ery interesting and stimulating to me

1 showld ke to point out a central problem that we often forget 1n
studying the hypertensive person which is that we study tum at rest
and not under the conditions of stress and the impact of life situations

uch as are desenbed 1 this Tepost

1t may well be as Dr Smithwick has pomted out that psychogensc
mfluences are essentisl mtiating factors 1 hypertensive disease, We
also have been. d 1n the effect of fl

3 on the
renal circulstion and hoping to get a renal vasoconstrictor response

we hase elected another type stmulus which might suggest that the

Wdnen of the hypertensive patient was exposed to periods of 1schema
dunng stress

Our stimulus was the mhalation of carbon dionde which
blood pressure and causes & g d sympatho-adrenal

It was early shown m the study that about the same number of hyp:r
tensive and normotensive patients underwent marked renal vasocon
stnetion in response to the simulus, so that the response 15 not pecubar
to bvpertension It was al<a shown that after splanchmicectomy this
constrictor response 15 abolished so that we have confirmed by an

other techmque Dr Wolff s obsersations that a neural pathway for
an renal

subject

Taises the
Qisch

1ctor h

18 present i the human
or ROBERT W wikrs The only comment I ean mak

e that might
be pertinent to the work of Dr Wolff and his assoclates hag log:o
with an imaidental ob ervation that we made some years 880 0 a
woman with vers labile hvpertension This patient as far as we could
393
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dent that the second pattern is far more costly to the organsm than 1
the first for the same quantity of work done The first pattern 1»
usually mnvoked by athletes in adapting to the demands of unustal
exertion The second pattern appears to be that charactenstieally m
vohed by those with essential hypertension as part of therwr attempt
to adapt to stressful Iife experiences A study of these hypertensne
subjects revealed that they were chronically 1n a state of conflict 1
which they felt a strong need to repress their aggressive drives and to
gam approval by mamtammg peace They differed from normotensie
subjects many of whom displayed a sumilar reactive capaaty, by
mvoking more or less continuously the pressor pattern referred to
The studies of Heinbecher, Selye, and Green indicate that such re
sponses 1mvolve the pituitary adrensl mechamism This study does
not Mluminate the middle steps whereby the alterations are brought
about, but 1t suggests that the adaptie reaction characterized by
increased peripheral arteriolar constriction when unduly ntense and
sustained may lead to irrevocable vascular changes and ultimately m
parr the mntegnty of bram heart and kidneys
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ted to emotionad disturh-
o me:ts;n;u“nm nﬁ:ﬁo:;ex;q\:::ﬁ\;“\ﬁ“whﬁe taan ¥ thought 2
ante 2 ot
mught 1nterest yoo to hg:x hont e ‘gm;t Cn:'imc of‘!i“pe::fze
A CAREY Y n
x:h?tf mggzr: Sererl years ago Pz Saudess 4 former colleagne &:‘ 1he
Soboal, of Mediemme Western Reserse Universits made s heal \ z
vey of the population o the Virgw Llsnds Fully 9o pee r;en‘L\o e
pogulation 1s Hacy. Froctionally Tir wanders found that these Negroes
are anysually stable They have no wornes becanse thev have abeo~
(e seeunity They are 2 happy-godudky kied of peopl: 2y be priat
singing while they work, sod wnging most of the lime ™ Set be found
that the mtidence of hrpertension among When as {u- geeater than
among the whites 2nd even greater \hun i the \egra population ;m
the United Rtates 1 had an opportumiy *o ¢samune the odoeys of
2 hperfensnive Negroes Stom the-s 1J20d2 and, dthougn wn Yoe gro s
the kidneys were smonth and large yet mucroscomeally they were the
seat of prafound difft e artenolosclezons Certsiy n those people
the zwficauce of any emotonal ditmbonte sppesrs 1o ke bemn
at 2 pungnem apd b Ty, opwen at least the cause of the bypar
ien on wes penhabily the va colar disease of the kudgers
e worFr Jt 15 very gratifying sndeed Yo find that the shrervatons
ou renal arcnlation that Dr Plerfer 2n8 1 have made ste supported
by two sueh dishingmsned groups of wrestdors The eflects ol
< bon dnxede desreibed br D- Hoobler are i every regard like those
evoked by stres e of the tvpe I deseribed and it 1y most Interesting
to establih thst Mrere 2 2 rens? vadoctnstnctor effiect whath 15
¢ wbed by the renel eympathectoms T wish to express mv sppre-

caton to Dr Hoobler for the suggestions oObservations and com
ments

Dr Willuns observations are of

Lany stegrued and delighted ta
effects of

“he grestest imberest sod importanee
know that even the potent vasodilator
gens can be bzed be the "
Quring an medent ot mounting yesentinent Thi, 1nd cates even fur
ther 1o we the poteary vt these enatubutiey {actars sud ther i
oort:(nce 1n the management if not the genests of the hypertensive
teactiop

Tam extremely gratetad 1o Tr Wik n #nete
e
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make out with our mexpest psychiatric methods, had very marhed
emotionally exciting factors nvolved i the rises m her blood pres
sure She felt she had alwavs been discnminated against by her mother
m favor of her brother Her mother had recently died, leaving the
estate to her brother, whereupon the patient transferred her feelings
of resentment and hostility to her brother, who, she said, didn t really
appreciate all she had done for the family

Completely unaware of this background I happened to enter the
laboratory while Dr Stanley E Bradley, then associated with me,
was doing a renal blood flow study on her (Incidentally, Dr Bradley
was following up the experiments that Dr Chasis reported this morn
mg with respect to pyrogens increasmg the renal blood flow and
lowering the blood pressure in hs pertensive patients ) At the tume that
I entered the laboratory, the patient had been given a pyrogen,
blocked, so far as the fever was concerned with aminopyrine, and had
had a very stmhing lowermg of the blood pressure Dr Bradley re
marhed to me that he had lowered the blood pressure in this woman,
though, of course he didnt Lnow what had happened to the renal
blood flow (It had gone up yery marhedly, as was shown later) I
then innocently asked the patient a question that completely rumed
Dr Bradley s expernment I said “What do you think caused vour
high blood pressure?” She immediately burst mto tears and sad that
1t all began with the death of her mother That was her explanation
at the moment, although Dr Bradley assured me later that her trouble
had not begun with the death of her mother but long before and that
she had found her mother s death to be an acceptable explanation for
her feelings since 1t was always understood by others that these feel
ngs were of grief rather than of resentment or hostility

Now the most interesting thing was that during the emotional out-
burst her hypotensive response to the pyrogen was completely abol
sshed Her blood pressure returned to 1its ongmal level and the renal
blood flow measurements also reverted This experience made us aware
of the very marked effect of the emotions on renal physiology even
during the action of a very potent vasodilating agent like mtravenous
pyrogen

1 have followed with great interest the work of Drs Stewart Wolf
and Harold Wolff, as well as of others, on this subject I am sure that
when we learn to study patients accurately under such conditions of
emotional stress we are gomg to hnow more about the dynamics of

essential hypertension
DR HARRY GOLDELATT Because the high mcidence of hypertension
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1r ysual actrssties (attitudes not mentioned) 1t never SgN

i‘;i;i;h :he nghest peaks vecorded before the time of the bram
e
dm::ither patient was very caretully studied by I Groen of Amster
dam Wath hue kind permussion I will gove you the details of his
bservations

¢ ;25;231'—01(1 plumber was admitted to the Wilhelmina Gasthws
4 Medical Service 1n D ber 1948 1n 2 condition
complaning of severe ‘headaches with spells of somting Hewasa pale
well nourished man Fis heart was entarged to the left with markedly
accentuated second sorte sounds His blood pressure on adnussion was
4250/160 The eyegrounds revealed chohed discs bilaterally with
bilateral hypertensive retmopaths with hemorrhages and exudates
and wrregular cahiber of the vessels with micking and artenal venous
crossings The urine contamed 2+ albumin numerous red blood cells
and white blood cells and a few casts The blood urea mitrogen was ele
vated He was treated with a caet of nce salt free butter and sugar
Gn this regsmen his blood urea mtrogen dropped to normeal and later
hidney function tests revealed a 70 per cent urea clearance However
the blood pressure remained elevated 210-230/135-150 and the eye
grounds d unchanged Efect d showed marhed left

d and ST d d left ventneular strain
Duning the war he had been sent to a concentration camp~—by

error the patient said because he had been mmstalen for a Jew Ths
father said that he had some suspicion that 1t was because of black
matheteering and perhaps because of llegal liquor manufactunng
When he was released after Iiberation he found his wife cold nde
{mn:}en& nnji vu‘xdlctwe and the children estranged At about this time

ped hyp was discorered and a salt free

diet was presenbed Ths wife however was neghgent in prepanng hig
;lxet] She tried to pason me  he smd by putting exira salt mn my
00

Ultimately because of the discovers of an episode of
which he acquired syphilis bis wife put him :ut. of tlllc‘ r;f;lue:‘:‘:u::;
began divorce proceedings e refused to cooperate however and
(;e;mg too il to work he was obliged 4o Wive with hus parents who
b;c not support tus position on the divoree Voreaver he felt that
b ‘ahuse he was unable to pay for his raotm and board he was & burden
o them An attempt was made by the vhysician to help bum to see b
;:luatmn hoping that after a divoree ke coutd make a new start b "
¢ was not receptve e inaisted on remamning united to his \vl‘l.:t
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the attitudes and goals of the mdividual and to the general function
g of his personality have accumulated from varous studses mvols
g lobotomy procedures

Support for the pomnt of view that pressor reaction patterns involve
the cerebral cortex as well as lower neural structures dertves from the
work of Tibbetts (37), Freeman and Watts (41), Chapman et al (38),
Spregel (39), and Pool (40) and lus associates, who performed bt
lateral topectomy on 2 psychotic subjects with essential hypertension
removing the medial portion of Brodman areas 9 and 10 Pnor to
operation the blood pressure of the first subject ranged between 200
and 220 systolic and 120 and 180 dinstolic For 2 years after opera
tion the average ringe was 170 to 180 svstohic and 100 diastohic The
conbinned moderate hypertension 1n this subject suggests that part of
the hypertensis e mechamsm at least 1s not reversible by the mterrup
tion of cortical pathwass The second subject has only been followed
for 5 months postoperatively but comecidentally with chimeal m
provement charactenized by 4 lessening of depression and a decreased
preoccupation with problems and confhicts the blood pressure felt
from an average range of 180-200 svstohc and 110-120 drastohe to
120/50

‘Tibbetts studied « hypertensive patient before and over a perod of
13, vears after leucotomy Prior to operation the patient a 54 vear
old woman displayed evidences of senous hypertensive disease Her
blood pressure varied between 170/100 and 260/160 Headaches were
meapicitating retinal arterioles were spastic and a hemorrhage was
observed The blood pressure range 1mmediately after operation was
140/80-160/90 One and 2 half vears later the patient was having
no troublesome headaches The retinae were clear of hemorrhage and
the range of the blood pressure was from 140/95 to 160/100

Freeman and Watts described one labotomized patient studied by
them A woman (Case 13) 66 years of age with agitated depres<ion
had had a blood pressure of 220/110 for an undefined period Dunng
operation under loeal anesthesia supplemented by morphne and sco
polamine medication the blood pressure ranged from 172/80 to
185/100 At the conclusion of the lobotomy 1t was 194/95 Dunng the
postoperatn e course 1n the hospital the blood pressure ranged between
180/70 and 155/80 Later it was 195/75 and according to the mcom
plete case reports has remaned about at this level for approumatels
3 years Freeman and Watts summarnize thewr expenience with loboto
mized patients by saymng that although the level of the blood pressure
was not appreciably Jowered n the group of patients after thes re
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BEFORE AFTER OPERATION pJ
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i

Frovre 23 Changes 1 the
eyegrounds of Groen's patient
observed prior to and follow

RIGHT EVE 1
g Jobotomy BEFORE AFTER OPERATION, ¢
DPERATION AND Psvcuomzmpv‘

2/3/48 11/10/49

than before the operation (230-210/150-135) and under comparable
conditions at the time of taking the reading

Dr Groens notes on September 12 1950 state that he has had
sundry emotional difficulties but it has always been possible to help
him over them He has lost hus personality ngidity and has become
Bn easygomg ndividual who 13 happy 1o come to the hosptal when
ever he 15 1n trouble He has confid m the phy s Jud t
and when a situation seems threatening to him 1t 1s possible to make
him laugh 1t off bv & pat on the back a joke or the assurance that
together we will manage the situation

Simce the operative procedure of lobotomy 13 not always the same
and the amount of brain damage 13 not umiform vanable results would
be expected They may be strking a3 in this case of Groen s patient
or they may be less dramatic though in some mstances not neghigible
as 1 the patient of Chapman The subsequent change m the level of
the blood pressure seems to be more dependent upon the better con
tact gmined with the patient and the greater malleability of s atty
tude than upon the destruction of brain tissue having specific func
tonal sigmficance m relation to hypertension

Unfortunately as Dr Goldblatt has pointed out the evidence con




328 A Symposmum on Hypertension

Once he sueceeded 1 mducing the head nurse to persyade hus wife to
come to see him beeause of the ertical nature of hss state, but when
she came with the children and found that he was not dymng, <he did
not eonceal her disappomtment, and he felt worse than ever Dven
this ineident, however, faled to mduce Jum to let hs wife divorce him

At this pomt the possibility of recourse to frontal lobotomy was first
considered and ultimately decided upon

Bilateral lobotomy was pesformed by Dr Lenshoel through burr
holes 1 the temporal region m early February 1949 The operation
and convalescence were unesventful, except for the usual postoperative
pertod of drowsmess, incontinence, and impaument of memors Here
mamed on the rice diet for 10 days postoperatively Thereafter ke was
given a sall free diet contanmg about 2 gm of NaCl per day Pre-
sumably he has continued to it hus sait intake The week after the
operation his blood pressure dropped slightly to 200-210 systohc nd
140 diastohe Nurses noted that he was now more cooperative and
tractable He became very dependent on his physicran and especaily
on hus mother, who promsed to tahe care of him

A month after discharge from the hospital his blood pressure, 1t
was found, dropped gradually to a level of 1807120 Onply on one or
two oceasions did 1t mise to 2007130 Has ERG improved The papl
ledema disappeared completely, as did the hemorrhages and exudates
in the eyegrounds, so that only small scars were left as shown i the
photographs i Figure 25 Visual acwtv 1mproved strhingly i both
eyes
)After a convalescence of 8 months the patient expressed a desire to
resume his warl. He was encouraged to do so for half days only But
since he couldn t find a half tme Job he took on full time work He
has performed adequately and steaddy at his work for 12 months
(September 1950)

Following operation stressful mierviews no longer raned his blood
pressure as they formerly had It appeared that the lobotomy had, per
se, not affected the blood pressure, as it was not found to be signtficant
Iv lowered wnmediately after the operation but the patient became
much more amenable to mterviews, i which he let Inmself freely
discuss hus former stressful situations, and 1t was thes maleability of
personality that led to the rehief of hic tensions and the mprovement

1
mrh..ls:‘fzgin{::r 1050, 20 months after the Jobotoms, although the
mized patien L " oo o oot elevated (145/100) 1t wa< stmlangly lowes
was not 3pp
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than before the operation (230-210/150-185) and under comparable
conditions at the time of taking the reading

Dr Groens notes on September 12 1950 state that he has had
sundry emotional difficulties but 1t has always been possible to help
Tum over them He has lost his personality ngdity and has become
an easygoing wmdividual who 13 happy to come to the hospital when
ever he 15 1n trouble He bas confidence in the physicians judgment
and when a situation seems threatening to him 1t 1s possible to make
him laugh 1t off by a pat on the back a joke or the assurance that
together we will manage the situation

Since the operative procedure of lobotomy 1s not always the same
and the amount of brain damage 1s not upferm varable results would
be expected They may be stnking as 1n this case of Groen s patient
or they may be less dramatic though in some imstances not neghgble
as m the patient of Chapman The subsequent change in the level of
the blood pressure seems to be more dependent upon the hetter con
tact guned with the patient, and the greater malleabilty of s athr
tude than upon the destruction of bram tissue having specific func
tional sigmficance n relation to hypertension

Unfortunately as Dr Galdblatt has ponted out the evidence con
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cerning the ineidence of disease m varous cultures 1s difficult to
evaluate Rarely have the stresses created by cultures and the body
changes and dysfunctions that accompany the effort to adjust and
adapt to them or to other novious factors mtroduced by the environ
ment been equally well studied However, though not established—
any more than that our own Western culture 1s, 1n mounting me
dence, the setting for stress disorders or hy pertension—the facts, such
as they are, are suggestive and should evohe workers to collect more
evidence rather than to consider the relationships of no sigmficance I
should also hike to remind Dr Goldblatt, apropos of his remarks on
the Virgn Islanders with hypertension that the hypertensive person
1 our society 15 outwardly not one ruffled or disturbed and dissatis
fied Certainly, 1n our culture, he often 15 the exemplar of the poised
successful, “stable,” and well adjusted

I cannot follow Dr Goldblatt’s nest line of thought, if I understood
him correctly It 1s to be expected that a Virgin Islander who had
hypertension of years duration and died ultimately either directly
from renal disease or from other causes should exhibit at autopsy
kidneys showing evidence of renal disease I cannot see how just vas
cular disease in the kidney helps us to understand whether 1t preceded
the hypertension, 1s an accompanmment thereof or resulted from pro
longed renal vasoconstriction I cannot follow the argument as to how
such vascular disease mlitates agamst my thests I should expect that
if the hypertensive reaction 1s part of an adaptive or protective ar
rangement, the prolonged eustence of such a response would be
associated with visible change 1n the hidneys whether or not the prt
mary incident was renal vasoconstriction I am grateful to Dr Gold
blatt for bringing out these pomts but I cannot see how we basicallt
differ I must emphasize that the nowous factors bringing about
hypertension including the changes m the kidnev (whether pnmary
or secondary ), may be these I have brought to your attention this
afternoon I should also Like to emphasize i conclusion that there are
myriads of stresses to which the human orgamsm must adjust A
feature of the manner 1 which some persons will react will be hyper
tension

My thess 1s that although a man often reacts i a similar wax to 1
number of different noious stimult the threats created for him by
man are among the most severe In discussing the various assaults and
threats to which he 1s exposed 1t becomes very mmportant therefore
and especially 1 a symposium on hypertension to consider the cffect

of man upon man
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scular Reactmaty and Hypertenste Disease

Quick mises 1 the blood pressure unassociated with a sgmificant
cardiae aceeleration or an inereased cardiac output are considered to
result from « asoconstriction which produces an merease 1n the periph
eral tesstance  Vascular resctiity refers to this type of change
In the bood pressure—the change that i produced bv penpheral
vasotonstriction Stnctly speaking the reactvity s largely 1n the
artenolar and small artery component of the vascular system and a
more fumiting term denoting the part of the vaseular system marnly
mvolved would be desirable

Vascufar reactivity can be estimated by determimng the range of
the diastolic blood pressure from & curve of hourdy or half hour
blood pressure readings for from 24 o 48 hours during periods in which
the subject 15 active and dunng penods of rest Apother method of
determioing vascular Teactivits 1s by use of 2 test which measures
the reaction of the diastohe blood pressure to a standard stimulus
after a basal level of the blood pressure has been estabhished

Several methods of determimng vascular reactvity have been de-
vised T have had more expenence with the cold pressor test than
with others and <hsll confine myv Yemarks largely to myv espenence
with flns test as 2 measure of vascular reactvitv It should be empha
sized that all such methods <o far devised for determimng vaseular
reactivity are indirect and should be ronsidered as giving only an
estmation of the degree of vasewlar reactivity Climeslly the eold
pressor test might be compared 1z decutacy to the ehimesl determing
‘v of tne basal metahahic rate The method of carrving out the test
18 & standard procedure but difficultres 1n obtamning a purdly Lol
tlood pressure and of elmmating all other stimult which tught be
ﬂ\tsmg!}venpneral Vasoconstrichion result m some variation of the
Tange ©f
I care 15 taken to eprotc the <ome ban cap Y Caperince

as1l conditions and to carry
331
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out the test in exactly the same manner on each occasion, the results
will be reasonably consistent on repeated tests

In presenting the subject of vascular reactivity and hvpertensne
disease, I shall consider 1t withmn the frameworh of the usually normal
diastolic blood pressure and the followmng tentative and perhaps over
sunplfied classificrtion of diastolic hy pertension

Duastohe Hypertension (temporary or persistent ncreased
penipheral resistance)
I Vascular hyperreactor

IT Latent hypertension

IIT Dssential hvpertension (diffuse arterwolar disease)
Groups 1, 2, 8, 4

IV Secondary hypertension
Coarctation of the aorta
Pheochromocytoms
Glomerulonephritis
Atrophic pyelonephritis
Polyeystic discase of the hidney
Cushing’s syndrome

Vascular Reactiity and Usually Normal Blood Pressure

In persons with a normal blood pressure the range of vascular re-
activity may be small, as indicated by little varability in the diastolic
blood pressure or by & shight rse from the basal level in response to
an external stimulation such as 1s used in the cold pressor test Such
a response 1n the blood pressure may be considered to indicate za¢
cular hypoactwity The majonty of people with a normal blood pres
sure will have a moderate varmation n the diastohe blood pressure and
a moderate pressor response to strong stimul they may be called
normoreactors A small but undetermined number of persons with a
usually normal blood pressure wil have marked reactions of the
diastolic blood pressure to various nternal and to strong external
stimulr These may be ealled vaseular hyperreactors The expression
“person with a usually normal blood pressure’ means one who does
not have persistent hypertension—that 15 one whose blood pressure
remawms within normal Iimits unless caused to mse by a stimulus

In relation to hypertensive disease the importince of vascular re-
activity n persons with 2 normal blood pressure hinges upon the
problem of whether or not the degree of vascular reactivity 1s related
to the eventual develonment of signifieant and persistent diastolic

hypertension
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Some ewdence that vasculer hyporeactors do not, and thst wany
vasedl i hyp Aots Ao <ubseently have hyp bes been
accumulated from foliow up studues of persons «ubjected ta the cold
pressor test and from the study of a group of patienis whom the
sigmfirance of dlev iton of the blood pressure 10 the upper ranges of
normal as the result of the stimulus of nersous stress was evaluated
in regard to the subsequent development of hyperiension (V28

Page U The Resttion of the Dustolic Blood Pressure o the
Call Pressor Test, Correlated with the Subsequent
Develapwent of Hypertension

Classifieation {Blood Typertenson 15 YearsLater
Pressure Normsl) Cases Cases Tertent
Tiyporen tors 36 [ o
“ormoresttory 8 L3 v
Yyporreactors 5 n 5

By nﬂrm.u.l blood pressure 15 meant & diastolie blood pressure
\
Tasig £ The Tncidence of Subsequent Pypertension according to

the Oumasl Dastole Blood Pressure m @ Growp ynder the
Stimulus of Nervony Stress

Chosseat on (Blocd Hypenienson 10 0020 Yenta Later
Pressure Normal) Cases Lases Per Cent
Hyvorezctory 198 ) o T
Normorestiors B/8 st M
Nyperreactors 416 24 o7
o S e

By norcant Hood previne a1 meant & dattofie biood oeecenns
ot alwags Yess than r0b oz n’; & dustofic blond pesseure

[ypotesctons ose having
an "0 o Hg 2 3 Toaxmnad Ausstolie pressute of Jess

Y
mgo‘n::aﬁv:rs those banng o maswal daviolic ‘Presware of
Yperteactors  those b
gy ose having & masunal dastebe pressure of
Tnfartunately the
group of pessons with & usualh
pressure who hase been subjected 1o the oald pressoryl;tt:ad‘ b;rm
whoge
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group with the stimulus of nervous stress are given m Table 2 These
data indicate that vascular hyporeactors are unhikely to have subse
quent hypertension, that a small number of normoreactors have sub
sequent hypertension and that the majority of vascular hyperreactors
have subsequent hypertension The importance of the response of the
diastolic blood pressure as an indication of the subsequent develop
ment of hypertension, as compared to the significance of the response
of the systolic blood pressure alone 1s indicated by the fact that none
of 148 patients who had a systolie blood pressure of more than 140
mm g but a diastohie blood pressure of less than 80 mm , had sub
sequent hypertension

Other investigators (4-6) have found that the ncidence of sus
tained hy pertension tended to be great vmong those who had transient
elevations of the blood pressure at an earlier age Unfortunately most
of these workers did not make anv anafysts of their data on the basts
of a transtent elevation of the diastolic blood pressure alone

Turther evidence of the sigmficance of vascular reactivity i per
sons with a usually normal blood pressure may be obtamned from
studies of the blood pressure reactions m families and among twins
Studies (7 8) have shown that among twins and 1o famdy groups
the response of the blood pressure to the cold pressor test follows an
mnhented pattern ns a dommant charactenistic and that vascular
hyperreactors occur more frequently in families with a high meidence
of hypertensive disease There 1s great need for further studies of the
hereditary aspect of vaccular reactinity especially among large num

bers of twins

Vascular Reactinty and Latent Hypertension

1 have observed more than 150 patients i the mid and later decades
of bfe (from 40 to G0 years of age) who had hypertensive changes
the retinal artenoles, but whose blood pressure was usualls normal
and who gave no history of hy pertension The blood pressure of many
of these pattents was obsersed over a number of years, and they are
known not to have had any persistent hypertension All of these
patients were vascular hyperreactors T have designated these patients
as having ‘latent hypertension and have attmbuted the vascular
changes to the vascular hvperreactivity and not to hypertension
earlier 1 Lfe

The condition of 2 small number of patients from this group has
been followed for from 10 to 15 vears since the diaguasis of latent



Vascular Reactiity and Hypertensiv e Disease 330

hypertension was made About one third hase subsequently had va<
only seen in essential hypertension such
cular complications commoniy s u b o d
as coronary occl cerebral tl cerebral ge @
occlusions of the retmal artery and vem without having any per
sistent or progressng hypertension About one fourth have subse-
quently bad persistent hy pertenston which could now be diagnosed as
essential hypertension The ngwfieance of this type of vascular hyper
reactivity 15 stil yncertam and cannot be determined until 2 muck
fasger group has been carefullv observed for many years However it
does suggest, that orgamc vascular changes may result from the type
of vascular hyperreactvity which we ave discussing 1 which per
sistent imtra artenal hypertension 1s absent
There 1s another group of patients who may be said to have tem
porarily latent hypertension These are persons who are known to
have had persistent hypertension and who have hyperiensive changes
m the Tetival artenoles but whose blood pressure 1s now usually
nommal This siteation may occur as & result of cardwe fadure or from
a surgieal procedure which temporarily lowers the blood pressure
such as sympathectomy or removal of a hidnev affected by atrophie
pyelonephritts Such patients almost always are vascular hy perreactors
during the peniod when their blood pressure i1s normal This suggests
that they retam the mechamsm for rapid changes in the diastohe
tlood pressure but that the h for the @ 1
blood pressure 2t Ingh levels has been at feast temporanly altered and
that 1n these patients the hyperreaction to the cold pressor test 1s
evidence of previous hypertension which 1s temporanlv latent

Vascular Reactrnty and the Prehypertenswe State
& statistical study of vascular reactinity as measured by the cold
pressor lest and a consideration of vascular reactivity 1n persons
with & normal blood pressure or latent hypertension indicate that
thase of the group with a usually normal blood pressure who are
sascular hyperreactors melude many wha wil ey entually have essen

tal hypertension However 1t 15 1mportant to

15 1o test which will measure vascu!afzeactmly ?x:lc::a‘:::} l:‘::u“}?w
consistently enough to use it a5 & measure of determiming the : b(’r
bilty of future hypertension m an 1wdividual case The gene: P;“ "
of the cold pressor test to preduct the Huture development of T;j o
tension has not been advocated by me Fuy; xat e

rthermere th
mifieance of vascular by perreactiviy iz persons with o “s“:ﬁ?: a:;r:gi
a
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bload pressure 1s stll unhnown, but thunhing of 1t and diseussimg o
may belp m attempting an explanation of the mechamsm and per
haps the cause of essential hy pertension

1 have found 1t useful to clasaify s vascular hyperreactors patients
who usually have a normal blood pressure, who have httle or no
hy pertensive changes sn the ocular funds, and who are hyperreactors
m respect to the dustohie blood pressure This avouds the temptation
to make a diagnosss of essentin] hvpertension or to attempt 2 prognoss
as to the significance of the patient’s blood pressure vanabty untd
the condition of the patient has been followed long enough to deter
mine 1f a progressing hypertensive disease 15 developing

Vascular Reactwnty and Essential Hyportension

The vascular reactnaty, estimated by methods desenbed 1n the
foregoing part of the paper, has been determined 1n a large group of
patients with essential hypertension by 1 number of different work
ers (8-13) The combined data indicate that the majonty of patents
swith escential bypertension are vascular hvperreactors, with the re
sponse of the diastohie blood pressure to 2 standard stmulus being
from two to six times greater in them than in 4 control group with 2
usually normal blood pressure The range of varation of the dastole
bloed pressure m a group of patients with essenpial hypertension
will be from 15 to 60 mm Hg In my expenence with the cold pressor
test, 95 per cent of paticnts with essential hvpertension for whom a
satisfactory basal level of the blood pressure could be determined
have had a nse of 15 mm Hg or more m the diastohe blood pressure
as compared with 1 similar nise 1n onlv 18 per cent of a large group
with a usually normal blood pressure A summary of data on the mean
rise 1 the dustobc blood pressure of patients with essentia] hvper-
tension and of those with & normal blood pressure 1s gnen m Table 8

Vascular reactivity as measured by the cold pressor test 15 de-
creased 1 most patients with essential hypertension b heavy seda
tron or drugs that produce vasodiatation It s aleo decreased i most

Taste 8 A Summary of Data on the Reaction of the Dwstohe
Blood Pressure to the Cold Pressor Test

Mean Rise
Subjects Number  (mm I
Group with essential bypertension 841 09
Group with & rormal or usually
1015 132

normal blood pressure
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wing extensive svmpathectomy, but rarely 15 it com
i:::zf;’elfilx:ated High spual anesthesia and tetraethylammonum
chlomde or prscoline (b line hydrochlonde} will almost always
sholish vascular Teactivity as measured by the cold pressar test As
pomted out by Resser and Femns (14) this mndicates that the ymme-
duate nse 1n the Hlood pressure produced bv the cold pressor test 18
the work of & neurogenc mechanusm Their studies bowener shawed
an mteresting difference in the effect of tetracthylammonium chlonide
on the delaged cold pressor response somehumes observed 1 palients
with essential by 1 that this was not abolished by
tetraethylammonium. chlonde They imterpreted this as indicating
that the mumediate response to the cold pressor test was mediated by
& nearogeme techawsm but that the delayed response was medisted
through a humoral mechamsm Benzodiosane (933F) does not abolish
the response of the blood pressure to the cold pressor test in essential
hypertension AN of these findings and my own expenence would 1nds

cate thet vaseular reactivity 15 largely controlled by neurogeme
mechamsms

There seems hittle doubt that vasenlar hyperreacinity 15 almosy a}
ways present in essential hypertension except when high fixed Jevels
of the blood pressure are present and that 1t 1s Iargely coutrolled by
a neurogeme and not 3 humoral mechamsm The sigmficance of the
vascular hyperreactivity 1n essential hvpertension 13 uncertan at the
precent time Although st first I thought the blood pressure reaction
1o the cold pressor test +»nded to be maxumal m almost al} subjects
T have since found that m some patients wth esseatul hiypertension
the vaseulsr hyperreactvity seems to be of the same degree at dif
ferent Yevels of the blood pressure mn the same mdvidual For ex
ample the reaction to the cold pressor test when performed with the
diastalic blood pressure at a lesel of 80 mm Hp may produce a rise
10100 10m By ora change of 20mm if the test 15 performed with the
diastolic level at 100 mm  the pressure ™Ay nse to 128 mm  which s
equivalent to the 20 mm nise that occurred os « tam <

¢l Such a
the blood
tomung eold
> utuer qutferent degre v
peatal soth w fram v egrees of narcosis produeed w ot ¢

hd L)
wethamsios for regulating the sy v v ueiteve that there may be two

stemie blood pressore one mecha
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msm for changing the drastolic blood pressure quchly (a neurogenre
mechanism), and the other for muntaining the blood pressure at
sustained levels or for changing the blood pressure over longer penods
of ime (perhaps o humoral mechamsm)

That vascular hyperreactinity has something to do with the develop
ment of the clncal picture which we call essential hypertension 1
suggested by the finding that of 206 patients who recently had escen
tinl hypertension, 86 per cent had from 10 to 20 years previousls
given evidence of a hyperreaction of this probably neurogenic mecha
msm for regulating the blood pressure, although thev had a usually
normal blood pressure at that time and did not present the clhmeal
picture of essential hypertension until a number of 3 cars had elapsed
Whether this vascular hyperreactivity 15 o comadental findimg m
patients with essential hypertension, or whether 1t supphes a neces
sary bachground for the development or persistent hypertension or
whether 1t 1 itself eventually produces the circulatory changes mitiat
g a pressor mechamsm which maintains more persistent and serious
hy pertension 1s still a subject for speculation As I have already stated
the evidence 15 reasonably good that a person with vascular hvpo-
reactivity (a fow maxmmal diastolic blood pressure under stress) will
not have essential hypertension within 10 or 20 vears On the other
hand, 1t 1s purely speculative whether a person who 15 a vascular
hyperreactor (one having a high maximal diastolic blood pressure
under stress) will have essential hypertension later 1 lfe although
his chances scem considerably greater than those of the hyporeactor

Vascular Reactinty and Secondary Hypertension

A small number of diseases such as adrenal tumors glomerular
nephntis and coarctation of the aorta clearly can produce arteral
hypertension There 15 a much larger group of diseases of which 1t 1s
still not known whether they produce arterial hvpertension, are just
one of the factors producing 1t or are comadentally associated with
1t In the group of diseases g 1ly ded to prod arteral
hypertension with the exception of pheochromocytoma, the mecha
mism of 1ts production 1s still undetermimned although 1t 1s thought that
a humoral pressor mechanism plavs a predomnant and perhaps ex
clusive role

Except for pattents with pheochromocs toma all those whose dn
stolic hypertension has been thought almost certamly to be <econdar
to some disease and who have undergone the cold pressor test have
showed vascular reactivity of the same tvpe and of the same degree
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as the group of patients with essential hypertension One group of
pmentsgmmfh h;pe_rtensmu due to pheothromocytoms have been
hyporeactors while another group hase been hyperreactors There
s been some ouverlapping of the two groups but largely the patients
with paroxysmal hypertension have been ‘vascular hyporeactors and
. vl o -

'
the production of the hypestension That this may not be the pre
domnagt factor 1s mdicated by the fact that benzodioxane does pot
elmmate vascular reactivity as measured by the cold pressor test
whereas benzodioxane will depress the blood pressure raismg effect of
{umors a pred; of hrine or of norepnept

Tt 15 of mterest that in & follow up study of & group of patients who
had vanous types of renal diseases ncluding many who bad diseases
that are considered to produce artenal hypertension the subsequent
devel of hy was Tated with therr original vascu
lar reactivity much as had been observed m a control group who did
not have any diseases which mght have eventually produced hyper
tension (15) The data on this group are shown i Table 4 It 2s espe-

Tastz 4 The Incidence of Subsequent Hypertension according ta
the Onginal Diastolic Blood Pressors among Patients
with Reaal Distase

Classifeation (Blood Hypertennon 100 %0 Years Later
Pressure Normal) Casee Cases PerCent
Hyporeactors 0 2 ki
Normoreactors 129 13 14
Hyperreactars 1% ki) @

By pormal blood pressure 15 meant a Quastol
of almags los than 100 mam Flg o noioke Blood prsure
yporesctors those having a wna:
Wan 70 o g g numal diastole pressure of Jess
Normoresctors those havin,

7“’;‘ o 1z g 3 matmal dimstolie pressure of
rreactars  th
8590 s B bavsg & marmal dostolie presmre of

cally noteworthy that the vascular h re:

\;:1: he\enmally had bilateral atropbxcyf);el::le;rén:gd1?;?&15:!’”!
g h) Dertension subsequently regardless of the type of renal q e

o :ve followed for five years or longer the condition of a ‘Sea;e
battents i whom surgical procedures performed for the a:;ll:ar:r
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mism for changung the dastolic blood pressure quickly (a neurogeme
mechamsm), and the other for mamtaming the blood pressure at
sustaned levels or for changing the blood pressure over longer penod:
of time (perhapy o humoral mechamsm)

That vascular hy perreactisity hins something to do with the develop
ment of the chncal picture which ne eall essentinl hypertension s
suggested by the finding that of 206 patients who recently had eccen
tial hypertension, 86 per cent had, from 10 to 20 years previonsly,
given evidence of a hyperreaction of tius probably neurogeme mecha
msm for regulating the blood pressure aithough they had a wsualls
normal blood pressure at that time nnd did not present the chmieal
picture of essential hypertension until a number of vears had elapsed
Whether this vaseular hvperreactivity 1s o comeidental finding m
patients with essentinl hypertension, or whether 1t supphes 2 neces
sary bachground for the development or persistent hypertension, or
whether it m 1tself eventually produces the cireulatory changes imtiat
ing a pressor mechamsm which mamimns mere persistent and serous
hypertension 1s still 2 subject for speculation As I have alreads stated
the cvidence 1s reasonably good that o person with vascular hypo
renctivity (a Jow mavimai distohe biood pressure under stress) will
not have essentinl hypertension wathin 10 or 20 vears On the other
hand, 1t 1s purely speculative whether 4 person who 1s o saccular
hyperreactor (one having a high maximal diastolic blood pressure
under stress) will have essential hypertension later i hfe, «ithough
his chanees scem considerably greater than those of the h poresctor

1 ascular Reactinty and Secondary Hypertension

A small ber of di such as adrenal tumors glomerular
nephntis, and coarctation of the norta clearly can produce artensl
hypertension There 15 a much Jarger group of diseases of which 1t 18
stll not known whether they produce arterrl hypertension, are just
ane of the factors producimg 1t or are comedentallv assocted with
it In the group of & generally ded to produce arteral
hypertension, mith the evception of pheochromoes toma, the mecha
msm of 1ts praduction 1s still und d, although 1t 1s thought that
2l 1 pressor h plats a pred ant and perhaps ex
clusive role

Txcept for prtients with pheochromoes toma all thase whose dia
stolic hvpertensian has been thought almost certmnly to be secondary
1o some diserse and who have undergone the cold prescor test hmve
showed vascular reactisits of the same type and of the same degree
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a3 the group of patients with essential hypertension One group of
patients with bypertension due to pheochromocytoma have been
hyporeactors while another group have been hyperreactors There
has been some overlapping of the two groups but largely the patients
with paroxysmal bypestension have been vascular hyporeactors and
the patients with persistent hypertension have been vaseular hyper
reactors The sigmficance of thus s not clear aithough 1t may be con
cerned with duff 1n the epineph or pinepl factor 1n
the production of the hypertension That this mav not be the pre
donunant, factor 15 indicated by the fact that benzodioxane does not
elminate vascular reactivity as measured by the cold pressor test
whereas benzodioxane will depress the blood pressure raising eff
tumors g a pred of hrine or of norepaey

Ye1s of imterest that in a follow up study of & group of patients who
bad various types of renal diseases including many who had diseases
that are considered to praduce arterral hypertension the subsequent
development of byp was lated with their oniginal vasca
dar reactimity much as had been observed 1 a control group who did
ot have any diseases which mght have eventually produced hyper
teasion (15) The dats on this group are shown 1n Table 4 It s espe

ect of
1

Taste 4 The Tocidence af Sabsequent Hypertension secording to
the Onigmal Disstohe Blaod Pressure among Patients

wth Ressl Diease
Class §calwn (Blood Bypertensian 10 to 20 Years Laer
Pressure Normal)  Cases Cases PerCent
Hyporeactors 30 2 7
Normoreactars 129 18 iny
Hyperreactors 105 2 o
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m}:y:;r:;m;} E\hose having & mazumal disstolic pressure of Jess
70_);:1-::?;;?“ those having @ manmal disstolc pressure of
sggum?;;;n those haviog a msmmal d astolie pressure of

cally noteworthy that the vasoular by

react
who eventually had bilateral atrophm)];:rel::ﬂ?:_ lmchi?mg several
had hoee -
1b
of pa

) w uugl
“e « proceaures petformed for the amehora
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tion or cure of hypertension, such as removal of an atrophic hidney
or a pheochromocytoma, or sympathectomy, did not remove ther
vascular hyperreactivity as determined by the cold pressor test None
of these patients has remamed cured,” but all have had a recurrence
of hypertension after several months or years, and I should predict
that 1f they are observed long enough, many of them will eventually
be found to die of the effects of hypertensive disease

The few patients who had a normal blood pressure and low vascular
reactivity as measured by the cold pressor test following their surgieal
procedure for the relief of hy pertenston have not had a recurrence of
hypertension One of these ts a patient who had a pheochromocytoma
removed and whose condition has been followed for 16 years, and one
was a patient with severe hypertension who had an atrophic hidney
removed and whose condition has been followed for 12 years

Summary

Vascular reactivity refers to quich rises m the blood pressure result
ing from intermuttent increases in the peripheral resistance produced
by vasoconstriction The change in the diastolic blood pressure as the
result of strong emotional or external stimulation 1s a measure of vas
cular reactivity Persons may be grouped as hyporeactors normo
reactors, and hyperreactors

Some evidence that vascular hyporcactors do not and that many
vascular hyperreactors do subsequently have hypertension has been
accumulated from follow up studies of persons without hypertenstve
changes i the retinal arterioles and with a normal or usually normal
blood pressure

A group of patients with hypertensive changes m the retmal
arterioles and with a usually normal blood pressure who are vascular
hy perreactors but do not and have not had persistent hypertension
has been described 'The findings m this group suggest that orgamie
vascular changes such as are seen 1n essential hy pertension may result
from vascular hyperreactivity without the necessity of persistent
mtra arterial hypertension

Almost all patients with essential hypertension, except those m the
late and fixed stages are vascular hyperreactors and have been for
some time before developing the clinical picture of essential hyper
tension The sigmficance and role of vascular hyperreactivity 1n essen
tral hy pertension 15 not well understood However 1t 15 probable that
vascular hyperreactivity 1s importantly concerned with the develop
ment of persistent diastolic hy pertension n essential hypertension
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Vasenlar reactivaty 1 patients with secondary hypertension with
«ome exceptions 1 cases of hvpertension caused by pheachromocy
toma 15 of the same type and of about the same degree 23 m essen
tiaf hypertension Vascular hyperreactivity may be of the same sig
mficance m the deselopment of hvpertension 1 patients with vanous
R 1

the peniod of

edures for the

amelioration or cure of hvpertension there 1s usually a recurrence of
Per 1stent hypertension after a few months or years



Questions and Discussin

bR R W GOEN (TULSA) We have recently completed a study of the
cold pressor reactions 1 256 persons in which we attempted to cor
relate this response with the whole family of psychological tests We
were attempting to find 1f possible, a simple procedure for relatmg
personality patterns to hyporeactine response

We were totally unable to do this i our data, and oddly this further
points up the work of Dr Wolff The patterns of hy pertensives are not
simple ones They require extensive study and cannot be restrained
by such simple procedures

I should like to call your attention particularly to the fact that al
though we talk freely about repressions, mtervention mn life situations
ete as yet we have no evidence which helps us to distingwish which
ndividual 1n a given situation will develop hypertension which will
develop peptic ulcers or colitis, or which will become an aleoholic or
1n Minneapols evidently, join the church
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by GEORGE W PICKERING

“erebral Attachs i Hypertension

1 sorrosE that you have sshed me to talk oo this subject because
\ou know that my views duffer from those which have been expressed
In Taost papers and textbooks on neurology and cardiology published
s the last 20 years The chuef point 1 duspute 15 the estent to which
local vasoconstriction or spasm of the cerebral artenes or artenoles
18 concerned 1n producing the cerebral attacks that occur m byper
tensive disease Most contemporars wnters believe that cerebral
sasoconstriction 18 an upportant factor m producing the tranment
cerebral agtacks termed pseudo uretmis by Volbard (1) and hyper
tensive falopathy by Oppenb and Fichberg (2) Others
even go 5o far as to clam that localized vasoconstnetion or spasm
fmay be an wnportant factor n producing the more p lesions
2 whick enidence of cerebral artenal thrombosis or hemorrhage 12
faund To quote a recent textbook of neurclogy It has been pointed
out however that though exact knowledge on the subject 3s far from
complete there are reasons for thinking that cerebral softemng roay
Jellaw transtent spasm of artencles and that this may be the mecha
st 1a many of the ¢ases that in the past we have been conlent to

Tegard as cerebral thrombosis from clot formation within the ves
BTN

It 15 usual i the contempotrars world to seeh the source of a
Tionty view m & pivchologienl myury  ustained m childhood As I
Yook back 1 can see clearly the netdents m3 south which led me to
hold the view that T now have T recerved my carly traming 1n medical
science and the biological scientifie method 22 the Cambridge Schonl
of Phynlogy Sixty years ago one of the most emmnent praducts af
At schosl bappily still alve Sir Charles Shermugton working with
}’by (4) came to the conclusion that there were threa factors regu
ey the cterebral Pood supply first the artenal pressure second
2 Yocal chemical Tmechamsm apd Yurd the general venous pressure

$43
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They could find no evidence of vasomotor nervous control of the
cercbral vessels To quote their paper “We conclude then that the
chemical products of cerebral metabohism contamed m the Iymph
which bathes the walls of the arterioles of the bramn can cause vans
tions 1n the calibre of the cerebral vessels, that m this reaction the
bram possesses an ntrnsic mechanism by which 1ts vascular supply
can be varied locally n correspondence with local varations of fune
tonal achivity * Twenty years later, Leonard Hil and J F R Mac
Leod, destined bhe Sherrington to win a Nobel prize were unable
to demonstrate any action of the vasomotor nerves on the cerebral
vessels (5)

Twenty five years ago when I was an undergraduate at Cambnidge
Florey, a pupid of Shernngton's, later also to wir a Nobel prnize was
engaged at Sherrmgton s suggestion on a direct studv of the reactions
of the cerebral vessels Like Skerrington, Florey was unable to demon
strate that the sympathetic nerves had anv effect on the diameter of
the cerebral vessels (6) And, m fact 1t was left to H S Forbes of
Boston and Harold Wolff to demonstrate that the cerebral sessels are
mdeed under asomotor nervous contral (7) Forbes and Wolff m
serted a glass window nto a trephine hole 1n the skuil of a cat The
conditions 1 the eranml canity were thus restored apprommately lo
normal Direct inspection of the cerebral v essels showed that they con
stricted definitely though very shghtly to stimulation of the cervical
sympathetic nerves They also constricted definitely though verv
shightly to the local application of adrenahme If however adrenshne
was mjected mtravenously, the pial vessels dilated presumably be
cause the constrictor effect of the drug was outwei,hed by the nse of
wtra arterial pressure The dagram wn Forbes et ol (8) shows how
fechle arc the reactions of the cerebral vessels i comparison to those
of the shin In fact, the fadure of Shernngton and Florey o demon
strate the existence of cerebral vasomotor nerves may be regarded
sumply as testimony to the feeble reactinity of the cerebral vessels
This feeble reactivity 15 mo doubt the expression of thew peculr
structure For the cerebral arferies are thin walled, and m the media
muscle 15 sparse and n places absent You will understand then that
1 should require a great deal of evidence before I could accept the
view that the cerebral arterses constrict more fiercely then other
artertes 1 the body 1 hypertension or that a cerebral arterv or
artenole can suddenly and without apparent cause constrict so flerce
Iy that the tissues it supphes may die while the other cerebral vessels
vemam widely patent Yet these are the two components of the
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Typothesis that 15 generally held to esplamn the “‘:ti‘d“:“:“"c“u'
dewgnated as acute and chrome hyvpertensive encephy op )‘ '

Belore proceeding to a detoled consderation of the cerebral at
tarks of hypestension we taust copsider three rather il{ndamcnlal
questions namely, (1) the effects on the nerve cell of nchemiy (2)
the extent to which the cerebral artencs and arterioles AnAsomMOSE
sath one another, sod (8) the yascular response 1o an mierropied
Mood supply The efects of ischemin on the penpheral nerves are
kaown tn great detod (§) Tn the upper arm the Jarger fibers ccase to
canduct after from about 20 to 50 mimutes This loss of function 15
ot permanent and 15 regamed a few minutes sfter the restoration of
the arcwlation to the limbs A permanent paralysis oceurs after
1schema tasting some bouts In the erntral nervous system the tissues
are much more sensttive ag 15 shown by the effects of breathing
wmtrogen or of a sudden arrest of the heart It s clear that at least
certam nerve cells cease to function after the interruption of thar
asygen supply for a few seconds or less Tt s also certamn that some
cells fose ther function p 1y after the p of ther
axygen supply for only a few punutes as 16 shown by the permanent
dementsa that sometimes occuts followsng ventmcular arrest of 2
few minutes duration It would seem extremely probable that different
netve cells are paralyzed at different rates as are the diflerent sized
fibers constituting, the mixed nerves of a hmb

In the curele of Willis the anastomoses between the artertes of the
brain are 50 Iree that, an ocelusion of one carobid 1 the neck by digital
pressure ususlly produces no cerebral mamfestations whatsoever
Beevor (10) showed that injections raade 1ndo one ot 2k theee mam
arfenes supplywy the convexity of the brain passed freely o the
termtory of the other It 1s now known that free anastomoses exast at
the arteral and arteriolar level through at any rate mast of the sub
stance of the bramn Cohnhemn s conceplion of end arteries hus been
largely abiandoned

The techncal diff of w g the speed with whych the
collatera) errculation 1s re established 1 the brar when 5, large aste
1 oecluded are so great that this expeniment has never been -
formed The expenments of Roy and Shermington 68 years g0 ah Dera
the unportance of local metabolites ar a +asodifator nature $) ow;
regufation of the cerebral crreulation Quite recently Sheph 3 the
as studied the devel 3 'y Shepherd {13)

opment of the collateral arculation 1 the )

(‘;"hm the femoral artery 15 suddenly oceluded the blood flow thro, egh
the calt falls from shout 4 cc & mnute 1o 4 neghigible valye !ll'é}.xe
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blood flow 1s re established within about 30 seconds and rises to sts
ongmal level at about the fourth minute, after which 1t remams
normal This finding corresponds with the observation of Lewss
Rothschild and me that an occlusion of the femoral artery m the
groin mawtamed for 30 minutes produced no paralysis of the nerves
of the kg (9) It would seem highly probable, therefore that with
healthy vessels the sudden occlusion of an artery or artenole produces
only transient schema 1 the ternitpry ¢ supphes

There 1s quite general agreement that certam attachs occurring m
subjeets with hypertension are due to hemorrhage from or thrombosis
of one of the cerebral artenes In these attachs the onset 1s wsually
sudden, consciousness 15 frequenthy Jost and when regamed 15 ac
companied by a local loss of cerebral function which frequently leaves
a permanent residuum This 15 not the place to discuss esther whether
hemorthage 15 alway s preceded by thrombosis or the differential diag
noss between cerebral hemorrhage and cerebral thromboss 3t 15 to
be noted, however, that mm such attachs the loss of cerebral function
15 greatest at the beginmng or near the beginnmg and gradually re-
cedes over days or weels Some of this recession may be due to the
assumption of these functions by mntact nervous tissues but some at
least 1s probably due to the recesmon of 1schemia gnd to the recovery
of neurones only temporanty prralvzed by a transient loss of the bood
supply

Much more controsersial are attachs m which there 1s 1 focal Joss
of function that 1s tntirely transient m nature These attachs sre
termed chrome hypertensive encepbalopathy apd are commonly
asenibed to transient spasm or comstriction of the relevant cerchral
nrtery or arteriole Typrealty when the patient 1s i good health and
engaged m s usual, varied oceupations, paralysss of the hmb or of
half of the body aphasia sensors loss, or bindness of an eye or Joss
of half the field of vision abruptly supervenes Consclousness 1s usually
not lost but the patient mav be confused or evated The condition
may last a few mmutes or s few hours and then gradually passes off
leaving the patsent apprehensie or twred but without signs of anmy
focal disturbance of the central nervous system Such s the typicaf
attack ns it has been descrtbed but while such attacks by ther
drunatie character focus the attention of the mvestipator it is 2
mustake to think that there 1s an abrupt diiding lme between thes
brief and evanescent paralyses those which clear more slowly and
those which may leave residuil svmptoms and signs of a permanent
lesion of the central nervous system In fact sn my own evperience,
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n earlter paper (12), there 1s a continuous series
:m g;::‘c;‘sﬁ: \‘v‘;n‘ch paralys‘l‘s 15 brief and totally reversible to those
1m which paralysis persists for months or years to leave some permat;’cmi
residuum By general consent the latter sre xagatd.e;d a5 due to cerebral
artenal thromb The here p ted 13 that the former
are due to the same lesion The following report presents an example
of a pattent who experienced a pirelysis of long and one of bnet
duration
Case 8 3 C anntelligent clerk of 41, was standing in a crowded
underground tram on December 29 1933 when Jus left arm and leg
suddendy become weak Me did not lose consciousness or fall but
‘managed to stagger out of the traim and walk 100 yards (914 meters)
to a fnends office whence he was taken home to bed Dunng hs
walk he tended to fa¥l 1o the left After this attack he noticed difficulty
n i m s d and m usimg his left arm
and leg He had slowly been recovering from these disabilities when he
was first exanuned by me on Januarv 2 1933 He showed the typieal
pretire of severe essential hypertension (artenial pressure 220 systolic
and 160 diastolic normal urine and urea concentration to 2.5 per cent
and moderate retmal arteniosclerosis) He had slight but defintte weak
ness of the left srde of the face the left arm and the left leg of the
upper motor newron type dewiation of the tongue to the left evag
gerated tendon Jerks 1n the left upper and lower hmbs and a left
extensor plantar response Sensztion and fields of vision were normal
Ey January 26 onlv weakness of the left side of the face remawna?
P

-y swnl aiu weak recoverng mm zhout 5 munutes
But for the next half hour he Lept itting the wrong keys on the type-
woter For the rest of the day he was excited and walked about as if
m a dream He was discharged the next day for his behavior Thres
yearslater A Q@ « L -

headache

wtelliger » o nue wiil pe wanted to say and und

what was sad to bim He was sent home and salg that h':s e:;::izg
had recovered an hour from the onset Seen by me later that after
noon he showed some shight residual difficuity 1n speaking b

slow and hestant but presented no othe; 3 vervons
system In December 1037 cardiae as!
ton and early albummune retmibs d

thma Cheyne Stokes Tespira
roonary edems having mamtamned s

eveloped Yie died of acute pul
severe hypertension throughoat
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Necropsy showed changes charmctenstic of mahignant s perten
sion The arteries of the circle of Willis showed moderatels <evere
atheroma A leston of the cerebral substance characterized hs Pg
mentation and wregular hnear and punctate pits was found extendmg
mferiorly from the Junction of the middle and posterior thirds of the
putamen mto the mternal capsule supenorly and having 2 mavumem
aren of 9 x 7 mm No other focal cercbral lesion was found

The only other e1se which need be cited 15 the following m which
coronary thrombosis, proved at necropsy was followed four vears
Iater by o spectacular attack of transient paralysis Jasting 20 minutes
and leaving no clinicn] sequelae but a small ¢yst was found 1n the
putamen at necropsy four months Jater

Case 1 J T, then 2 32 vear old sergeant 1 the Bth Arms had a
sudden attach of severe pam over the lower part of the sternum
while 1t a Chnstmas party m North Afriea m 1942 He had to he
down and the pam passed off after 20 mimutes He felt easidy tired sub-
sequentty In August 1943, while he was on a march m Palestme pam
developed over the sternum and spread across lus chest and down the
Jeft arm It gradually revched a mawimum, at which 1t remamed dur
g the last hour of the march he was short of breath and swezted
profusely At the end of the march he lav down and the pam passed
off m about 15 minutes Subscquently he often experienced sternal
pun on exercise, the pun was relieyed by rest, and he was discharged
from the army 1o December 1943 He eventually obtamed a clerteal
post and apart from angma and ocopital herdache on wakmg re
mauned n faur health until December 20 1946 when at 10 Anr while
sitting at his office desk, he noticed that hus lower Iip on the right
side was numb He hit hus lip to confirm this Then the fingers of his
right hind became numb, and he found that be could no longer write
He could nerther form the letters nor put the words on paper in thewr
correct order though he hnew what he winted to say He thought
that there was no weakness of the right hand, but 1t was clumsy and
movements were dificutt He went mto the ne<t office and found that
he could not speah he knew what he wanted to say but the words
swere yumbled and his colleag d lum of bemg drunk All
these disturbances cleared up completely m about 20 mnutes, and
he was able to contimue lis work for the rest of the day Shortly
sfterward lus eyesight began to fail and he went to the hospital
Fxammed on Debruary § 1947 (now aged 36) he showed gross
hypertension (250 systolic and 144 duastohc) m the malignant phase

(bilateral albummunce retimitis) gross enlargement of the heart with
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Rovotiost
g sormab v weod renal function and ne o
iﬁip»:}gm nervous ;3313\1 t&h;\\u& of acate pulmonary edema on
' e PCLaTn]

A}th\ Zo:;”m u:t!:: s(hs: Yreast wiw faund. to wergh 400 gm  the feft
sentndle being % om tnel 1w o infarct wot found on the endo
ea dul susfore, of the amtenor wall of e e wentawls vear the base
s elving the conganus patt of the wterventpicular set:\unllm\r; c:;:
respanding branch of the jelt coronars artery was thitombas ' €
et coronary arteniey showing only shgbt atherowna he brun
showed onty shght atheroma of the basak vessdis and of the (Wt and
syt e rect beal artenes traced as far as the msuta A vellasadh
cust 5<6% 3o was found 10 the left putamen i the same 4eruen}
plane as the mammillary bodies

O the §5 padienss Sty teported Cathier (12) 3 ded out of the bay
pital from apoplexy & yews 1 year and 3 months yesprengy after
thett attacks The bruw was examined post mortem 1o ofly 9 rasts
A1 2 patients died of mabgnant hyperiension wah severe xperdlar
fe wes wsetodatts of the Ldoey Cases 1and & already deserbed
each showed a cyst of the putamen cleatly wschemue 1 ongin Yeongh
5o evidenre an the nature of the artenal obstruchion was ohtamed
In Case T an ofd myocardhal wiarct due o afteps) terortbosts was
ol o fotnd Case ¢ gre cated a farge number of small veliowssh brown
o ‘rebsr £ mm i diameter seattered through the baval gaughnns
of both hemsspheres and two sumilar areas m the Mot pons These
fadings 10 general agree with the more numerous snd detated ob
ervatons of Rosenberg (19) m showing that foctd ischemia has
oceurced i cases Presentiny trapsient paralytie atacks

From what has been smd alverds b wik not surpnise you to hear
tiat T am relurtant to accegt the Bypothess of lacal vascular spasm
% ¢ basis of these ttiacks IF yn fact without apparept cause a cere
braf vessel suddends contracts so stronglv as to paralyze temporanly
oF permanently the function o the bisste it supphes while the other
cerebral vessels remam widels op7 thes mwst occur & & vesult of o
sudden release of the powsrlut <a oton-trictor substance to which the
ceretiend wewscls ot wousnally sasteptith Such a conclusion coulq
mot fad to hivy mportant con equences fop the general theory of Yhe
c3uv and mechamsm of essaptest hypertension But iy quite un
meeessany 10 po tulste vaseular spasm as the rause of these Attacks
The attacks are 1n fact quite krke what one would expect if o sma))
cenebrl artery of actenals w v wddendy accuded The speed. ot
neovers aadd obuionsdy depend (1) on the size of the ~rea ingtially
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Necropsy showed changes charactenstic of mahgnant hyperten
sion The arteries of the errcle of Willis showed moderately <esere
atheromr A lesion of the cerebral substance characterized by g
mentation and irregular hinear and punctate pits was found extending
infertorly from the junction of the middle and postersor thirds of the
putwmen 1ato the mternal capsule supeniorls, and having 3 mavmum
arerof 9\ 7 mm No other focal cercbral Jesion was found

The only other case which need be cited 1s the followmg, m which
coronary thrombosis proved at necrapsy, was followed four years
Inter by a spectacular attach of transient paralysts lastmg 20 minutes
and leavng no chimical sequelae but A small cyst was found m the
putamen at necropsy four months later

Case 1 I3 T then 1 82 verr old sergeant mn the 8th Army, had a
sudden attach of severe pun over the lower part of the sternum
while at 4 Chnstmas party 1 North Africa m 1942 He had to he
down, and the pain passed off alter 20 minutes He felt easdy tired svb-
sequently In August 1948 while he was on a march 1n Palestine pan
deseloped over the sternum and spread across his chest and down the
left arm It gradually reached a maximum, at which it remamed dur
g the last hour of the march, he was short of breath and sweated
profusely At the end of the march he lav down and the pam passed
off in bout 15 mnutes Subsequently he often expertenced <ternal
pain on exercise, the pam was relieved by rest and he was discharged
from the army in December 1943 He c¢ventually obtamed 2 clencal
post, and apart from angmna and occipital headacke on waking re
m uned in fair health until December 20 1946 when at 10 a1, while
sitting at his office desk, he noticed that lus lower lip on the mght
side was numb He bit Jus ip to confirm this Then the fingers of hus
nght hand became numb and he found that he could no Jonger write
He could neither form the letters nor put the words on paper m ther
correct order though he knew what he wanted to sav He thought
that there was no wenhness of the nght hand but 1t was clumsy and
movements were difficult He went mto the next office and Jound that
he could not speak, he knew what he wanted to say but the words
were ymbled and his colleagues accused hum of bemng drunk  Alt
these disturbances cleared up completely m about 20 mmutes and
he was able to continue hus work for the rest of the day Shortly
afterwwd hus eyesight began to fal and he went to the hospital
Yxamned on February $ 1947 (now aged 36), he showed pgross
hypertension (280 systolic and 144 dustolic) 1 the malignant phase
(bilateral albummune retimtis), gross enlargement of the heart with
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Cae1h 1 F,with mitral stenotts was known to have had au:ncu\nr
Shrlabon aimce October 1932 ¥n the esemng of October 30, 1943, ust
after & routise vist Yo s phyacian, he 1A% duzy on reaching home
and 1y down on a covch He thid not lose consciousess but his wife
wotuced that he was confu ed And that the left side of hus Tace and fus
left arm and leg were paralyzed Fhs nephes, u doctor who had Just
been my house physiian, and his own physician were called and
armved 90 minutes later to find left hemplegia and contusion of
thought. The paralgsis deared gradunlly dunng the next 30 minutes
and after recuving omnopen  (a propmetar) muxiure of oprom
skalonds papaseretum DPC) e slept with pentadic breathing In
the marning e was still confused but was said to present no trace of
parelsns ¥ examtoed lum later 1 the day sud found him 40l rather
confused and with only the shghtest weakness of the left upper hmb
snd of mosements of the left ahle The tendon reflexes were bisk
and equal aod the plantar re ponses normal By Nosember 4 he had
fost even thest trvial signs In Mav 1944 when 1)ast heard from
e had had na further attacks

Cate 16 C 8 o gnf of 1§ yeats sufferiug from mutral stenosis and
sarewiar fonifation was trested with qunidime and her thyvihm 7o
storeu to nofmal 1n 1027 In 1998 she was readoutted to Umserny)y
Cotege Hospital under Syr Thomas Lewis, with auncular Sbsilabion
2ad conpestste fafure and was treated with diptabs A} 1 45 pae
ant Aovember 12 1998 she was poticed to be throwing herself about
{Be right cortier of htr mouth w35 down and she was trying to make
herzai understood but could onfy repeat words such

e QL.

s e= w ultaly complete in the sight deg the plantar
responses were flexor on the left extencor an the nght There was no
foss of Loncciousness At § 50 Pat she could talk well and the weah
aese tad passed off to 8 consdersbls exaent On November 19 she ap

Peated & Tttle drowsy oy ovheprr e marmng mentafly A
nesy of the nght qde of YA ek

and the nght plantar ye
’
:ﬂ\\mm was found b o pusicar sesponse wis mot tested Op
«w :le;nber 15 the nght plantar response was recarded flegor She
h charged on Tebruam B 229 sbf fibrfating bt with ey
signs of talure or hemiplega She

dead 1 the fi
brunthopneumonma on Janpary ¢ 2039  the fospital of s

Jer braw was etamined post mortem by Dr B T Grant who pro
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1schemic (2) on its relation to the mmn motor and sensory tracts of
the bram, and (3) on the speed and freedom with which the col
lateral supply was re established This latter would obviously depend
very largely on the health of the other cerebral vessels Support for
the orgame nature of such an attack comes from two sources In the
first place, as has been shown there 15 no sharp drvding between
attachs that are purels focal and briefly transient and those that are
mitially general and leave & permanent residuum By general consent
the latier are due to orgamic cerebral artery obstruction It 1s my con
tention that the former are also But the most important evidence for
this v1ew comes from the obsersation that preciseh sumilar sttacks
occur in patients suffering from mutral stenosis and auricular fibrilla
tion where the cause of ischemua 1s almost certamly embohism of the
cercbral arteries

I have published the case hustories of 10 patients with aurcular
fibnllation, with or without mutral stenosis, who experienced attacks
that were 1 evers way sumiar to those experienced by patients with
hypertension (12) In D patients the disturbance was a hemiparesss
and 1n 1, loss of vision 1 one eye The duration of the paresis was 1
hour or less 1n 4 patients, and mn the remainder longer, the paralysis
clearing slowly 1n pertods up to a few months or persisting as an
mcomplete residuum  Consciousness was retamned durmg the attachs
though the patient often felt apprehensive or confused at the time
Asn the patients with hypertension there was no sharp dnaiding Iine
between attachs that were brefly transtent and those m which
paralysis cleared slowly and incompletels  Examples are as follows

Case 13 A N, a schoolmaster aged 52 had noticed uregulanty
of the heart since 1041 In 1942 whie returmng from watching 2
boxung match he noticed that he was walking badly and went mio 2
public house to get a whisky He could not get the money out of his
pochet because hus left hand was useless and he could not talk He was
recognized and some men 1 the public house carried lim home 1 a
hand charr he was perfectly conscious and remembers clearly seeing
the people pass by When he reached home he was 111d on 4 couch
unable to move s left hand or left leg and unable to talh He remared
<a for half an hour and then quite abruptly and withm & mnute or
two, he found he could talk normally and move his imbs e had
never had ¢ sumilar attack before nor has hnd‘,bne <mnce Exammition
@ vears later showed mutral stenosis and auricular fibnliation which
was parotysmal but no abnormal signs i the central neryous system

and a normal blood pressure
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was obviougly larger and presumably imolved the internal t:msu;‘t
Tow long thus lasted and how long an imtery al elapsed between the
return of the blood flow and the recovery of function must n the
present sate of our Lnowledge Temmu conyectural In some of these
cases the Tecovery of function was abrupt, asn Case 14 It1s possible
that m such cases the embalus moved from 1ts bl ste to become
mpacted 1 8 smaller and more distal artery

In the following case the embolus must hate lodged the 1eit
Internal caretid artery proxmal to the ongin of the ophithalmic artery

Cose 15 W M an msurance cleth aged 28 had suflered from
sheumatic heary disease with auncular Sbnllatian for many 3ears, but
stll traveled 20 miles (322 hilometers) by tram to London eath
day to s work In 1980 while he was at hus office desh hus nght hand
abruptly became weah and clumsy and he found himself unable to
it the keys on his typewnter At the same tune he found himself
mnable to see out of his left eye He was quite sure of this for he
cavered first Ins teft e3¢ and then his night eye with his left hand Ile
falt confused aod was unable to speak clearly he believed The attack
Iasted about an hour and then pa sed off completels but my notes
do not say whether the end was sudden or gradual 1 saw hum $ months
fater and found si,ns of mytral stenosis and auncular fibnllation with
meurysmal dilatation of the left auncle There were no signs an the
centrsl nervous system but unfortunately the fundi were not exam
ted He died of cardiae fmlure a few vears later without further
altachs There was no necropsy

Witle therefore the companson between the attacls of cerebral
embolim and those octurnng m hvpertension Wcks something 1 Qe
*ull thes are like enough to suggest that s both the 1schemn 15 due
{o organic arterial obstruction and that the site and duration of the
’Isiff‘emm will depend on the artery obstructed and the effictency of
the colfateral eeuiation 1n Testoring the blood flow In hy pertension

¢ artenes obstructed are probably the smaliet artenes or artenoles

which are usual}

y diseased A sudden occlusion would mest pr
be due to thrombosts or to « sudden swelliy e

g of the artenal wall The
f:rmer 1s hnown to occur The latter may oceur hemorrhage into
the wall o5 coneenably 1 fibrmoid necrosis but of the time relations
of tuts fatter we are sull completely 1wnorant

Before jemane ¢ -

i

v v uausient paraly sis werg
5ty o
eral times each presersing the ame general character as lhl;eg:;l
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vided me with all her case notes The bran sheed honizontally, was
normal except for a yellowish cyst, 14 mm long 4 mm wide and 7
mm deep, m the putamen of the left lenticular nucleus To find the
vascular lesion responstble for this cyst the middle cerebral artery and
1ts chief branches were opened up under the dissecting microscope the
arteries seemed normal A bloch of tissue extending from the Iesion
to the base of the bramn was cut iz transverse serial section 10 microns
thich No Iesion was found mn any artery of the block

Case 17 A marned woman of 30 was walking across the hall to her
office one day m the autumn of 1939 when she felt queer and had to
sit down Onloohers thought she Joohed 1l and sent for a physician
who sent her to Chaning Cross Hospital there she was hept for the
afternoon and then sent home to bed Her memors of the attach 15
that she felt hot and giddy but never lost consciousness her face be-
came drawn to the night and she talked queerls her left leg dragged
and her left arm was useless when she went to bed On the first day
she had difficulty i controlling her bladder Her Iimbs recovered
gradunily  but she has since noticed that her left arm twitches and
becomes useless for a few mmutes when she 1s tired She was admitted
to the hospital in November 1941 with congestive eardine failure
mutral stenosis with normal rhythm and normal arternal pressure (140
ssstolic 2nd 100 diastolic) No abnormal signs were found m the
centrl nervous system She was treated with dimitabs and discharged
home On July 21 1942 her husband found her normal on leaving
home n the morning but unconscious on s return at mght She was
admitted to the hospital 1n coma with stertorous respiration The
night side of her face was flabby and her rght arm motionless and
both plantar responses were estensor she was contment She hd
congestive cardrac failure but her rhythm was still normal She <low
Iv emerged from her coma, regaiming control of the sphimcter on Jult
25 and showing some recognition of her husband She was discharged
on October 24 1942 with 2 severe residual spastie paralysis of the
nght arm and leg and weakness of the night face She recogmzed what
was saxd to her and could reply by 2 nod of the head, but her 2rticu
lntion was so mperfect that few could understand her

Since these patients do not die in the attack 1t has up to now been
imposstble to dentify the site of the embolus at post mortem The
only post mortem obtamed was n Case 16 4 years after the attack,
when the cvst mn the left putamen was found This obviously repre
sented the arer i which ischemtn lsted long enough to Jll the
nervous tissue The area 1 which 1schemia paraly zed but dud not kil
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e changed buses and after he had traveled three tol;r[lhz;} olfln ﬂ;‘:
everything went nght agam A month later he had a left Dells palsy
lasting 8 days Three weeks later he had his second attack whie st
ting 10 lus office Ths nght leg began to feel funny half an hour later
Ius right arm went s speech was then all nght After balf an hour
he was driven 18 miles home On the journey his speech got bad
When he got out of the car he could not use us nght leg Ths symp-
toms began to improy e as he walked upstairs He went to bed and 5
munutes later the symptams suddenly passed off Three weeks later
he wakened at 4 20 A2t and noticed weakness and humbness of the
nght side again At 5 50 aar the attach suddenly passed off A
tmtching sensation was noticed 10 the nght leg as it recovered In
a1l these theee attacks s mind was clear and he knew exactly what
was going on In each the onset and end were sudden I exammed hum
3 weeks after the last attack He was a big man moderately obese
with a hugh color His artenal pressure was 195/105 The heart was
slightly enlarged radiologically the enlargement bewng left ventrien
Iar The rhythm was regular and no signs of valvular disease were
fousd Renal function was good and no smgns were found in the
central nervous system The Tassermann reaction was uegative I
saw hum on three further otcasions up to Mav 1950 wher he had
had 1o further attacks There was no essentral alteration sa hig cond
Yion In parbicalar his mind remarmed afert and his memory good
It s of course very tempting and very easy to explam these at
tacks ag due to vascular spasm But there 1s no hint concerming the
stmulus to vascular contraction Since these attacks were repeatedly
of the same nature I think we have to suppose that jschepua in
volved roughly the same area n each case There may have been o
Dermanent vascular obstruction the attacks bemng produced either
by renewed organic ocelusion proxmally or by a general fall of
artenal pressure The absence of observations duning the attacks or of
post mortern examination makes further discussion purely speculative
Before concluding this section I should ke to refer to the detailed
wyesiganons of Rosenberg (13) who exammed the brams carefalls
:‘[ :’y;::::‘:’;“‘:“‘g::“ hypertension and 1n 15 controls In the cases
sive cerebral hemorrhage was found in 4 cases
and small and spotty hemorrhages with numerous nfarets of sumla:
;\;.e were found 1 5 cases Single large ifarcts occurred 1n 8 casesr
W;lc\;a; smpressed with the frequency of multiple mibary wfarets
N e found 1 12 eases 1n the basal ganglions cortex white mat
or bram stem and cerebellum thev vaned 1 size from 5 to 6 mm
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and then ceased not to recur during the succeeding years These cases
are as follows

Case 18 L, C, a married woman of 41 was seen 1 1941, when she
had had 10 normal pregnancies, the last six years previously In 1938
she had had an attack 1 which she suddenly felt a buzzing 1n her
head, the raom seemed to go round and she fell to the floor without
losing consciousness When she tried to get up, she found that she
could not for weakness of the left arm and leg The left side of her
face felt queer, and she had difficulty 1 pronouncing her words prop
erly She recovered completely 1n an hour During the next 6 vears
she had four further attacks sumilar to the first in which weakness of
the left side lasted about an hour, and three where 1t lasted 2 or 8 days,
but she had not lost consciousness in any On February 26, 1941, she
had just come mn from shopping when something seemed to go click”
i her head and she fell to the ground Again there was no loss of
conscrousness and her left <1de was paralyzed She could see normally
but her mouth felt pulled over The left leg recovered its power to
some cxtent 1n the next few days, but when she was brought to the
hospital six days after the attack, she was found to have a spastic
paralysis of the left arm, paresis of the left leg and weakness of the
left side of the face of the upper motor neuron type, mitral stenosis
with aurcular fibrllation and a heart rate of 160 per minute The
plantar response was extensor on the left, flexor on the right The
arterial pressure was 144 systolic and 95 diastolic Lumbar puncture
on Aprl 8 showed a clear colorless flurd not under pressure By May
6 the Ieft leg had recovered completely, but there was still shght
weakness of the left side of the face and the left upper hmb In 1944
she had her eleventh confinement, before which she was admitted to
the hospital with congestrve cardiac falure from which she made a
good recovery She was last seen m March 1946 when she had no
signs of cardiac failure but was still fibnllating She had had no
further attacks and the signs i the central nervous system had dis
appeared

IT H A business man of 62 had experienced in the past 6 months
three attachs of right hemiparests The first began n February 1948
while he was watchimg a football game he noticed the backs of the
thighs getting numb On getting up he felt with the nght foot as
though he were walking on awr After he had walked 400 yards his
speech went He got into a bus where he read the paper and smoked a
cigarette He noticed numbness of his right arm and leg His vowce
was spluttening, that 15 to sav he conld not form the words properly
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remain speculative until post mortem matenal 15 obtawed suffictently
early after an attack Threelesions are posuble a hemorrhage to the
vestl wall 4 thrombosts of the ves el probably developing on an
inbinal plague and an arterolar necrosi For as Dr Goldblatt has
pownted oyt artepolar pecrosts which expands the vessel wall at the
expense of its lumen may develop quekhy and of Byroms work be
confirmed 1 » matter of minutes
The third mam vamets of cerebral attachs occurring 1w fnperten
sne disease 15 very different from the foregomg and has been termed
acute pseudo uremia (Volhard 1) or hypertensine encephalopathn
(Oppenhermer and Fishberg @) The hest known rarety of these
attacks i the eclamphic attack occurring n the tosemia of pregnancs
precs els sioular attacks oceur in other forms of hypertension of recent
ongin such as acute nephntis or m chrome hypertension with a
recent exacerbation such as certam cases of so called malignant hy per
tension The attack charaetensstically begms with severe hendache
follawed by vorutng drowsimess convulsions and coma These at
tachs may be preceded or followed by focal sumptoms and signs and
clear up without resdusl nervous phenomena Volhard pomted out
the symianity of the climeal picture to that found 1 scutelr raised
miracranial pressure For this reason and because of the frequent
presence of papiledema he suggested that the attacks were due to
scute edema of the brain an expl on p 1y ted by
Traube (16) and subsequently adopted by Zwangemester and others
Gothe and Topphich {17) Blackfan and Hamiton (18) Vothard (i9)
aud others hase descrbed cases 1n which death octursed after attaths
of this hind 2nd m which evidence of cerebral edema was found post
:“e;‘\‘::‘a -\;lute ed;nlxa of éhe brain may therefore be provisionally ac
A th:" ::at ologic basis of su;h attacks I sav provisionally be
et & o, ::::1:«: reseryations Fdema of the bran 1s notortoysly
rate post mortem and some distin,uished pathol
opst  potably Sheehan m Great Bratain are unsure of this 15 the

anatomical basis of ecfampma The water contents of the bra n
t nLs
rain have

cases that T studsed mitensivels T was not able to ohserv:}::;l:;r::;a‘z
;;Z!‘lhl\vlwsen the cerebrospmal fluid pressure and the attacks (20)
bW c::es had alburunune retimtis both had rased cerebrospinal
(mmkxz‘“‘x‘s:res but 1n each the cerebrospinal find pressure was the
- s‘mmmi:o‘;na ftullowmg a fit as tn the ntersals when there were
P ut 1 dd observe 1 case of acyte hvpertension due to

erins nodost when fits were assocrated with signs of a block

lated with hyp
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across to mimute softenings onlv seen with the aid of a microscope
These small lestons had been ascribed to vascular spasm by T estphal
and Bar (14) and by Spielmayer (15) because no adjacent organtc
artersal lesion could be found This was often Rosenberg s experience,
but he found some mfarcts adjoming thrombosed vessels Rosenberg
concluded that ‘i this study 1t was always possible to demonstrate
regions of cerebral destruction where foeal cerebral symptoms had been
present during hfe, and 1n mnstances where the bram showed no destruc
tive lesions the history revealed that episodic focal symptoms had
not been present during hfe  He suggested from his anatomie studies
that cerebral symptoms were of three hinds 1in malignant hyperten
sion (1) due to mncreastd mtracramal pressure (headache vomiting
drowsmness) (2) due to multiple miliarv cerebral lesions (2 wide
variety of transitory disturbances often without physical signs) and
(8) due to large cerebral vascular accidents Roscnberg s obsersations
support the 1dea that attacks of transitory paralysis m hypertension
are duc to focal 1scherma of the brain but leave undecided the prob
lem of whether the 1sch 1s due to sp dic or orgamc artersal
obstruction, though 1n some cases the latter was clearly the cause

The reasons I have given vou lead me to beheve that the obstruc
tion 1s organic and not spasmodic The posttion as I sce 1t mav be
summarized as follows As mn cercbral embolism so n hypertension
local cerebral attachs are most probably and usually due to the sud
den organre occlusion of a cerebral vessel The nature and extent of the
symptoms whether there 1s aphasta monoplegta hemiplegia bhind
ness, or other sensory disturbances will depend on the site and extent
of the arex rendered 1schemic and thus on the site and size of the
vessel occluded The speed of recovery will depend on the size of the
vessel the location of the vessel and the cffictencs of the collateral
crreulation A small area of permanent cercbral destruction situated
n the mternal capsule or other man conducting tract mav be asso
ciated with a permanent residue of paralysis A small area of perma
nent cercbral destruction situated for exumple in the putamen 1s
1n the cases cited here, or other so called silent areas of the brun may
leas e no residual nersvous signs though the imtial area of 1schemin may
have been large cnough to miolve conducting tracts stich as those of
the mternal eapsule and so to produce transient paraly st Collateral
vessels may be expected to be more capable of dilatition mn soung
subjects than 1 old and se we should expect transtent paralysis to
be more frequent m the voung 2s appears to be the case

In hvpertension the nature of the sudden vascular occlusion must
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proof that excessive coustniction or spasm of the cerebral vessels 13 an
mportant factor 1 the genesis of the cerebral attacks oceurnng 1n
the course of hypertensive disease I have put before you alternative
explanations which while they remain also unproved at least violate
no cardnal prineiple 1 vascular behavior
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the subarachnoid space at lumbar puncture and where necropsy re
vealed a pressure cone apparently due to edema of the bram

With this reservation we may proceed to discuss the cause of the
edema Traube regarded 1t as a passive consequence of a dimmished
blood protem and a raised arterial pressure He supposed that both
of these factors usually operated and that a sudden fall i the blood
protem or 2 sudden nise 1n the arterial pressure might further mcrease
the passage of flud out of the cerebral vessels into the bram sub
stance and precipitate a cerebral attach At that time neither of
Traube s two operative factors could be measured No clear evidence
has since been produced to show that plasma proten plays any part
Hypertension has been found mvariable, and Volhard Oppenheimer
and Iishberg, and McAlpine (21) among others have shown that a
further nise m the arterial pressure often immediately precedes the
attacks Traube'’s explanation 1mplies that the cerebral arterroles are
relatively feebly constricted by the agent raising the artenal pressute
in hypertension, so that the cerebral capillary pressure 15 rmsed The
feeble contractility of the cerebral arterioles to constrictor agents
supports the hypothesis, as does the relationship that evists between
the pressure of the cerebrospinal flwd and the diastohc arterial pres
sure 1n hypertension

The current view as to the ongin of cerebral edema 15, however
quite different and was put forward by Volhard, who supposed the
cerebral edema due to 1schemra of the bramm He considered that the
cerebral arterioles were not less but more constricted than those else
where, so that the cerebral blood flow became so small that the capil
Jares were damaged by anoxia and so allowed abnormal amounts of
fluid and protem to pass out into the cerebral substance The chuef
evidence produced for this widely accepted hypothesis 1s that a nse
m the arterial pressure precedes the attacks this fact 1s of no great
value as evidence for 1t had been envisaged as a posstbility by Traube
when he was formulating a precisely opposite hypothesis In § cases
which I have observed myself and rcported briefly elsewhere the
protemn 1 the cercbrospmal flud was not significantly different m
and out of the attacks But the strongest argument agamst the hypoth
esis 15 that the cerebral arterioles have never been found to con
strict more strongly to a constrictor agent than arterioles elsewhere
1n fact, the reverse s true

And so I came to my final conclusion which 1s this On the evidence
which has been made available in published writings there 1s no
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by GEORGE A PERERA

The Natural History of Hypeitensive

Vascular Disease

“Tiex 18 something fascinating about science  sard Mark Twam
one gets such wholesale returns of comjecture out of such a tnfling
investment of fact Today s student of medicme might even have
trouble 1 obteaimng suffcient facts an which to base the conjectures
Take for example the medical literature A San Francisco newspaper
reports that  scientists fight ligh blood pressure—the greatest hiller
of the rddle-aged A popular monthly digest states as follows  “Fogh
blood pressure? Don t be alarmed When the facts become known
2 brooding and paralyzing fear should Lft from the land

Certanly all the facts are not evident Indeed 1t 1s surpnsing how
ltle we know about so many senous and common problems 10 meds
cize So today I shall not present the whole storv and <hall studiouslv
avoid grvng both sides Instead I plan to present my own uniateral
buased and prejudiced opimon with what few bits of enidence can be
mustered i 1y defense

I should like to suggest that the diagnosis of hypertensive vascular
disease 15 difficult and often made mcorrectly that the incidence of
this disorder—slthaygh still an unpleasant and popular one—s less
than generally supposed and that we are dealing with a disese the
first mamfestations of which begin m vouth and early adult We And
finally T should hke to present to you some of my data concerning
the course and natural hustory of patients who develop this condition

Duagnosnis
a The diagnosis of hypertensive vaseular disease 1 not easy becayse 1t
Bépends on a rough measurement modified by postion age activity
. sty and particulardy by the emotional state of the subject There
scarcely agreement on the defimion of hvpertension and 1t

18 ex
363
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Inaidence

1t 15 traditional to sav that about 2a per cent of the pepulation
will develap hvpertension The avatable statistics are generalls de
mved from single sources—nsurance military or mdusinal files or
the records of hospitals or pmiate P! They are difficuit for
me to interpret because of varung entena of diagnosts the predoms
nance of selected groups casual or single blood pressure readings and
madequate documentation Many of the factors alreads discussed are
not considered 1n some of these surveys

We hare made repeated analyses m different age groups and pro
vided we have luoited our material to those with established disense
which can onls be done by adequate follow up studies we have never
observed an incidence greater than 6 per cent sn any series Evidence
il be presented that essential hy pertension does not as a rule begn
after the age of 53 or so of this1s true the often quoted statement that
there 15 more hypertension with exch decade of life apphes to blood
pressuze values but searcely to the merdence of one disense Six per
cent does ot belitile the issue essenhial hvpertension 1s still 1 com
mon deorder affecting raany mithons i this country alone

Age of Onset
Although 1t has been suggested by a few that careful examination
:‘::ig show the begianings of hyvpertensine disease n childhood nd
Tost investigators have regarded this disorder as
l‘l:ore with old age The 1 pertad 1
“:: Eizerﬂl studies have made 1t clear that this 1s a favonte time for
\\m}:d ::ut to consult the doctor or to have antecedent disease accen
o " Yasomotor and autonomie factors
\tnsne‘\a::c“;d t(};e secords of more than 2600 patients with hyper
o eof\;;r isease distributed in all age groups and hasing a
“m:mg! o rd) ears It was possible to document the onset in 200 by
beenmads ‘o‘ s 1 wiich repeated previous normal observations had
odent i a“e;“‘nent abnormal elevations of the blood pressure were
edene s 'e l;!}‘: they reached the age of 48 and the peal age of
yeurs before o : i e thirties As thers were frequent gaps of seseral
hrvetogens “‘e imte normotensive was discovered to be a defimte
alher thy ahc:dhm cune m this study can only be pushed back

associated
.

u m;
® lm: d:x\]:;:;:;e‘ \v}:;ne;;r hypertension 13 proved heyand doubt
or the first time after the age of 50
some other
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ccedingly difficult to draw a sharp distinction between normal and
abnormal blood pressure readings

A labile artenal tension 1s often an early finding m those subse-
quently shown to have vascular disease but some persons—on const
tutional or other grounds—persist 1 demonstrating extreme fluctua
tions extending well mto the definitels abnormal range without ever
developmg the charactenstic earmarks of a pathological process

Amaety may produce marhed transitors hypertension but per
manent disease 1s not an essentinl sequel

The label of essental hy pertension 1s attached frequently to patients
of more advanced years with blood pressures of from 160/80 to as
high 2s 200/110 However, we have recently obtamed pathologieal
data ndicating that the inadence and the degree of renal svascular
damage n this group approsimate those found among comparable age
groups with normotensive bachgrounds Many of these people Ive 2
normal life span The greater incidence and degree of renal arteriolo
sclerosts m young documented hypertensives afford but two alterna
trves Lather there 1s a mild bemgn form of the disease among the
elderly or—more likely —hs pertension 1n many patients in this cate
gory results from degenerative arteriosclerotic changes completely
dcependent of the disease under diseussion

To further confuse the 1ssue even hypertension of long duration can
disappear under certain conditions In our experience the resting
blood pressure of some 15 per cent of patients with uncomplicated
hypertenstve vascular disease will fall to normal after prolonged bed
rest and relaxation Others will have a drop m tension for days weehs
or even months after a myocardial wfarction or a cercbral vascular
acaident Hence the absence of hy pertension does not alwavs exclude
antecedent or concomitant disease

I believe the Inbel of hypertension 15 applied too readily and must
be reserved until time hindsight and entical judgment have excluded
such factors as lability, anxiety and the degeneratnie changes of the
more elderly Hypertension should be suspected when drastolic yvalues
exeeed 90, 1t becomes mereasingly probable the more often ths occurs
1t becomes a certamty only after careful appraisal As for hypertensise
vascular disease this diagnosis 1s one of exclusion reserved for those
with definite hy pertension after ather canses—such as affctions of the
ludneys and adrenals, central nervous system disorders, or coarctation
of the aorta—have been ehmmated 1s best one can
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esceed 14 years By subtracting the age of onset i cases where the
date of onset was known from the average age at death as known
from our espenence and derived from multiple sources of patholog
cal matenal, one 15 forced to conclude that essential hypertension be-
gns earher and lasts longer than 1s generally supposed that although
it 15 4 dworder with serious consequences causing death most fre-
quently 1n the fifties sts average span encompasses close to a 20 year
peried There 1s fauly general agreement that women are affected with
somewhat greater frequency and that fammlial and genetic factors can
ot be sgnored

An analysis of \ and

poteworthy features for discussy

o phieations brings out many
on (Table 2) The average patient in

Tastz 2 % slogy and Comspk among 00 Type
Tatients Observed for from 1 to 41 Years
Chnm;l_ or Laboratory Percentage Belation to
ndingy of Patients Rerernbibty Prognosia
He‘:du_he
One 31
Mg 8
Moderate 10 ;: on
vere
Retinopathy ¢ = °
ane 17
Changes 1 vessely 60 o 0
Exudate snd/or hemorrhages 1B %
Pupilledema 5 Rare +-{.-’:(-+
ot
entargement. X3 ? Ounless
condition was
Congestive falure 27 ket
EAG damage 5 +
Angna T ° +
Myorartal farction v +
Cerebral vaseutar acerdent 10 H
Abuminu, 13 +
Ntrogen retention 3 g +
+

this group spent many more years than not 1n
an un

::'5::1‘:‘ (lh;ense and might have absolutely no mm;?;?ﬂ;ca}&?h“ﬂs':
mgho:- ipertens}on can Mill in relatively short order s oug!
—— nl\ nyb ‘persm\s sustained decades of an elevated blood urpris
N roubles or rapd progression Wk reference 4 thp’“sme
it l.?dlfe persistently high or rapidly nising dlaslohco\a] g tood

v Tess - s1igns but not necessa:l;!

were
se m
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cause for an elevated blood pressure has almost always been disclosed
It 1s my conviction that hypertenstve vascular disease can be detected
i early adult hfe in the majority of instances

Course

An accurate and complete picture of essential hypertension 15 not
readily achieved It 1s doubtful that the whole story has ever been
written or will be for some time In addition to the problems already
enumerated the need to avord selection, to follow case materal from
the very merpience of the disease until its final outcome and to obtamn
a large enough group to be statistically valid presents obvious diffi
cultres It 1s of mnterest that the natural history becomes longer with
the Iterature of each decade, 1t seems fair to predict that the true
picture will be better than 1t has appeared in the past

I should hike to report, with all of these reservations 1o mmnd, on 8
climeal survey of 300 closely followed patients, none of whom had
recenved specific therapy The basts of selection consisted only m the
documentation of hy pertensive vascular disease and a sufficient perrod
of observation to perm:t complete routine studies and the elimmation
of subjects whose hypertension was transtent T should be the first to
admit that all selective factors have not been ehminated m this group
and that many of these people had their disease before a diagnosts
was made I can only state that this 1s as unselected a series as 18
possible m an urban area in one geographical location and that the
climical matenal was obtmined in large part from an outpatient chnic
n continuous operation for 30 vears with practically the same medical
personnel (Table 1)

Tapre 1 Charactenstics of a Group of 300 Hypertensive Patients
Qbserved for from 1 to 41 Years

“Mean penod of observation 14 years
Percentage stll lning 8

Average age at time of diagnosis 40 years
Average age at time of diagnosis 1n eases
where date of onset was known 33 years
(948
Percentage of women Ssns

Percentage having a family history of hypertension

These 800 patients were observed for from 1 to 41 years Eights
two per cent are still alive after & mean period of observation of 1;:
gears Qbuviousls the average duration of disease mn this group w1
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after a cerebral thrombosis for 12 years after the enset of congestive
fadure and for 10 years after the development of a persistent low
grade mtrogen retention

Comment

1 do not ash you to behieve tnese facts and figures of to draw the
same conclusions that I have drawn from the evidence at hand The
story 15 obviously mcomplete and the facts are few and far between
But T hope you will agree with me that much of what has been said
and written bears revision that we must rematn entical until the facts
are known and that only through 100
the natural hustory of hypertensive vascular disease can we learn to
take care of our patients wntefligently and evaluate the newer forms
of therapy correctly I read recently that a child aimost died after
taking her grandmother s hypertenswe pills let us Leep n mund the
possibility that the fears we mvoke and the cures” we prescribe may
be worse than at least some forms of the dsease




308 A Sympostum on Hypertension

ndividual eases In fact, I would emphasize that the blood pressure
level, as it 1s recorded casually 1 office or chinic, bears remarhably httle
correlation with symptoms, rate of progression, or the subsequent de
velopment of complications

Note that 81 per cent of this series never complained of a headache
and that, whether the headaches were mild, moderate, or severe ;mm
tensity (the last appeaning 1 only 6 per cent of the entire group),
the majonity of patients were spontaneously relieved in time Note that
retinitis, as demonstrated by hemorrhages and exudate, improved or
actually disappeared 1n approxmately one third of these patients, but
that papilledema~-cbserved mn 5 per cent of the series to date—al
most never showed spontanecus remission Note that 82 per cent
despite the length of the period of observation, had no demonstrable
mcrease 1 the heart size In some mstances cardiac hypertrophy was
conspicuously absent at autopsy even after years of marked hyper
tension And finally, sigmficant regressions 1 the heart size were not
observed as a spontsneous occurrence

It would be a great advantage if we could predict the future counse
of an mndividual patient from the data obtamed from past history,
physical examination, and laboratory studies So we set about to
analyze this group of 800 from the standpoint of prognosis The fol
lowing conclusions were drawn In general, the mtial herght or even
the mamtamed level of the blood pressure bore little relationship to the
eventual outcome, although, as previously stated, very high dmstolic
values or progressive increases mn arterial tension over relatisely short
periods were statistically, but not individually, less favorable Head
aches and other subjective sy mptoms were of no sigmftcance and even
mmild to moderate degrees of cardiac hypertrophv did not appear to
shorten the course Retinal changes imited to deviations m the calber
of the arteriolar lumen or to compression at the arterrovenous junc
tures could ewist for many years and were of no prognostic 1mport
On the other hand such definite and ureversible orgame changes as
congestive failure, coronary artery disense cerebral vascular accidents
renal damage or renal msufficiency were mdcative of 2n unfavorable
prognosis Retimitis with exudates ind hemorrhages fell nto a sumiar
category and of all signs papilledema of other than a transitory
variety, was very frequently associated with death withm a vear or
tuo It was found, however that these were statistically valid con
siderations only, for there were nnumerable mdividual exceptions
Thus we have observed pattents who were alive 21 years after retmnal
hemorrhages were first recorded we have seen survival for 18 sears
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after a cerebral thrombosss for 12 years after the onset of congestuve
failure and for 10 years after the development of & persistent low
grade mtrogen retention

Comment

T do not ask you to believe these facts and figures or to draw the
same conclusions that ¥ have drawn from the evidence at hand The
story 1s obviously ancomplete and the facts ave few and far between
But T hope you will agree with me that much of what has been said
and wntten bears revision that we must remain entical untid the facts
are hoown and that only through accurate mformation concerning
the natural hustory of hypertensive vascular disease can we learn to
take care of our pabients mteligently and evaluate the newer forms
of therapy correctly I read recently that a child almost died after
takiog her grandmother s hypertensive pills let vs heep 1n mind the
Possthility that the fears we mvoke and the * cures™ we preseribe may
be worse than at least some forms of the disease
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DR GEORGEE FAHR I have seen a large number of physicians i the
audience, and this 1s certamnly a paper they can and, I suspect, would
like to discuss Naturally, this doesn’t exclude the men who have done
fundamental work 1n the laboratory, but I think the chineal men are
somewhat startled by some of the data Dr Perera has brought out

I don t think any of us are startled when we hear about the occa
stonal case that lasts for 80 years with a very high blood pressure I
mean cases where the blood pressure was tahen frequently and fol
lowed very carefully But I am somewhat startled by the apparently
small number of cases of hypertension whose hfe expectancy asd
physical fitness have been very much affected by 1t!

I think that chnical men might want to discuss this The paper 15
open for discussion now

DR IRVINE I PAGE Dr Perera has brought up an interesting, and
unfortunately seldom considered subject namely, whether essential
hypertenston has a single origin Is it not perfectly possible that the
extraordmanly protean chinical mamifestations of the disease are really
due to different fundamental mechamsms?

At last 1t 15 generally being recognized that arteriosclerotic hyper
tension and essential hypertension differ basically and that their prog
nosts and management are quite different Often the two are m
extricably mtertwined and to dissociate their effects on the patient
offers the greatest difficulty The recogmtion of their difference 15 a
start at least

When attempts are made to compare large groups of patients be
fore and after, say, sympathectomy the lack of umformmty among the
pitients 1s abundantly clear And m my view compansons currently
can only be of the roughest sort because of this mability to separate
and measure the various mechamsms which express themselves m the
single measurement of arterl pressure

It 15 of the greatest climical importance that we find signs and
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symptoms whick will more clearly delimeate the vamous saneties of
disease that are now lumped topether 83 essentiel hypertension The
sphygmomanometer 15 no longer a sufficient wstrument for the pur
poses of modern cardiorascular diagnosis

There are today methods which give ymportant msight nto the
vaned mec 311 elevation of the blood pressure Un-
fortunately they have been too little understood and too Little em
ployed by physiians For nstance despite the excellent modern
methods of exammation of the Tenal vascular bed few climeians use
methods any were advanced than those employed by Mr Bostock
for Dr Bright There are many Mr Bostocks around today who have
been msufficiently employed

Another pomnt 1 think of great chmical importance 15 to determine
the rate of progress of the vascular deteriorstion This 18 why we have
over the past 20 years muisted on graphing the progress so that we
may follow simply with the eye the rate of change m the patient Ve
employ blood pressure measurements nveraged over a penod of a
week rather than single measurements for these graphs It 1s surpms
1ng when this form of recording 1s employed how stable the blood pres
sure becomes The instability of the artenal pressure 15 largely confined

to the minute and houdy changes not to the average changes from
week to week

To me the dension of what sort of treatment to employ depends
chiefly on what sort of fire we are trying to put out If the disease 15
malignant and rapidly g herote are & ded
It no progress 13 demonstrable 1n snv smportant vascular bed over a
penad of years then why handicap the patients with drugs and dets
m‘t‘:ry :[ wh\clll are of questionable value?

‘¢ have a fong way to go before we shall
tiipating mechantsms and the rate at w‘]:mh l:;e‘y‘)fr:ud::::ur: ptahr
patient but to me 1t s the majpr theme of modern dig s 1t
15 the underlying theme of treatment grosis s 1t

DR SIBLEY W HOOBLER (ANN
Perera on a study w\uch§ khm):“fsmfl:)m et to Songratulate D

standine Ana 1L damental in tevms of under
And
clear t been quite

study 1ndiude all the patients he FAY 5 o butients? Did the
e,
Ppatients who had & long histary of hype l‘teni;: :‘:u!;-‘elm:l or just those
and had survived up to the time of the study? 1r chieal yecords
In other words 4ud ke have a straighttorward selection of h
yper
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tensives as thev come or did the conditions of selection exclude
patients with the worst forms of the disease? I ask this question be
cause obviously, to evaluate the over all prognosis n a disease, one
has to select a group of patients m whom the future course of it 15
unhnown We hase trred to do that and have just completed a studv
of 117 patients who were studied m the Unnersity of Michigan Hos
pital 10 years ago We didn’t know anything about ther future
records We took them from the files of those patients who were not
subsequently operated upon

We found out what became of all of them 10 3 ears ater by personsl
return visit or letter The figures were a little bit different and I think
we were able to get some 1aluable prognostic mformation from re
viewing the records of the mitial study Ve selected only patients
who on several visits to the climic had diastolic pressures of 110 or
greater, so that we might be certain not to get patients mn the early
labile and perhaps not fixed hypertensive stage Secondly, of course,
we excluded people who were morbund from cerchrovascular acel
dents or from coronary thrombosis or uremia We also took people
under the age of 52 so that we might not get into the older age groups
Otherwise we took consecutive cases and followed every onc of them
to see what had become of him

We found 50 per cent of the cases hving 10 years later which 15 not
1 bad figure for companson with Dr Pereras, considering that our
cases were reltively unselected We did find however as he did that
the blood pressure mitially made Iittle difference m the outcome

We had many women who had diastolie pressures as high as 140
who came back to see us 10 years later and apparently were quite
well So that I should quite confirm the fact that the blood pressure
15 not of major prognostic value

We did find however that the signs of vascular damage that were
present on the mitial examination were of prognostic importance
These mncluded cardiac enlargement as determed by X ray measure
ments, dectrocardiographic abnormalities persistent albuminuria of
1 plus or more, or a hustory of cerebrovascular acerdent These things
which might well be called vascular complications of hypertension,
completely switched our survival statisties

At sumilar blood pressures 80 per cent of patients without these
complications were hving 10 vears later If we selected only those
patients with the vascular complications of hy pertension only 20 per

cent were living 10 years later
1 make this pomnt specifically because we tend to forget that high
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Hlood pressure doesnt 1) people—1t 15 the ~ascular damage that
does Perhaps as Dr Page mdieaies & we cap observe the early signs
of yascular damage Or 1S progression We €an predict that this patient
hasa evious proguosis unless some sort of radical therapy 13 mstituted
Whereas with another patient tegardiess of s Blood pres wre level
who doesn t have va cular damage, one 33 fempled to sit tight and
wart o ittle bit and see before advising radical treatment

It wag wmteresting heweser that whie some did develop vaseufar
damage s defined above 10 years Jater » good many of them over
the 10 yeat penod didnt sho's any of the vascular compheations
despite a sustaned hugh Blood pressure for 2 long penod

Just one othet comment that 1s rather mteresting—and I havent
ot a good explanauion for 1t We followed the blaod preseure of all of
these people exther through letters from their doctors or through ther
returs visits and in none of them had 1t changed sigmficantly Thew
blood presstre had stayed about where 1 had been of tho e living
and of those who had died 1t was the same up to the time of death

So we were forced to the conclusion that after the eary Inile stape
of the diseast, 15 past {presumably the dwstase when we mched up
the studs was 10 a fanly stable form since we defined 2 diastohe blood
pressure of 110 or greater 3s qur imtisl Jevel) there tsn t much change
The scatter graphs showed that over 10 years the subjects had just
about the same blaod pressures

‘There was one blood pressure that had fallen to normal one that
ve delt vas sigmfeantly greater over 20 mm The others all came
withi the +20 mm diastobe range A very few had msen The sub-
Jects who died had not had a nse 1 the blood pressute before death
\:e develop a certamn sense of false secunty of we heep following the

yperten 1ve patent for years and Ins blood pressure doesnt go up
‘The mere fact of %15 remarmrny, stable dorsn & mean he won t die of g
disease Once the igh blovd pressure 15 established 1t rarely it seems
to me nses further unless malignant exacerbation supervenes

And death 1 should bhe to emphasize again 1s probably related to

the rate of progre s1on of vascular co
miplications which ca;
fied 10 some extept even with our ernde Loy dents

methods it one loghs 1,
hustary of cerebravascnlar dama, ergermens
ge sigos of renal
of the hemt or definrte abn i ’"‘gn on th&na‘ d“mﬂg", sement
troc
P:rir::kl:;‘:kl]: “;)umd 1 enjoyed bearmg and 1 share many of Dr
Y based opinions especially as regards th
a

of rand the natural hustory of symptoms 1n Patients wath bype:;dence
n the studies ¥ shall discuss more fully this afterncon I haveuZ‘:en

0
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able to show that among many patients with hypertension who had
no evidence of renal or cardinc failure, the symptoms and the level of
the blood pressure are not closely related

I should like to comment at this moment especially upon the rels
tion of headache to the level of the blood pressure among those patients
with hypertension but without hypertensive encephalopathy Dr
Perera’s studies indicated that only a thied of the paticnts ever had
hendache at all Our own and the studtes of Robey suggest that per
haps only half of the patients with hypertension have headache The
half that do, do not necessarily have higher blood pressures than the
haif that do not Those that have hendache with therr hypertension
do not necessarily have headache at the time when therr own blood
pressure level 1s lughest We have several patients who have ther
hendaches predictably when their blood pressures are lowest We huve
several patients who have lost headache as a symptom as the blood
pressure became even more clevated with the mounting age of the
patient

It has seemed to me that these facts support rather strongly the
den that symptoms are not 4 mamfestation (excepting always the
group of patients with renal and eirculatory failure) of the level of the
blood pressure and therefore allow an entirely different orientation
for therr management

DR CECIL 3 WATSON (MIN\EAPOLIS) I should like to add just one
comment on a pomnt that may be obvious to many of you, namely,
that what we really need i following patients with hypertension
with reference 1n particular to the progress of their disease and its
prognoss, 1s a method of measuring the mean blood pressure during
the 24 hour period

Obviously, that 1s an 1deal that we cant very well attam But 1t
does seem to me that we can get much better information as to progress
and prognosis by determining the lability of the blood pressure I used
to be perplexed by patients such as you have just heard about—espe
cally women n surpmisingly good condition whose blood pressures
for many years were found, m the office (and usually mn the after
noon), to be from 200 to 250 with a high drastohc pressure—but I am
not greatly surpnsed now because those that I have been able to
study more carefully hate usually been found to have a labile hyper
tension Therr blood pressures declined remarkably durning s’lecp

We are all acquainted with this phenomenon, but we don’t take 1;
imto account often enough You have just heard about the lack o
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correlation between the imitial blood pressure reading and the subse-
quent course of hypertension or the prognosis X am really not sery
much surpnsed at this because the tial blood pressure reading 18
often taken under adverse arcumstances If the patient 18 put at rest
and the blood pressure tahen dunng sleep either mduced or natural
one often finds that 1t drops to even normal Jevels

T am convineed that if we studs the lability of the blood pressure
rather than just the blood pressure reading at 2 0 clock or $ o cloch
1n the office we shall get much farther with this question of prognosis

Pr REGAID M SMITEWICE ¥ rather hemtate o sav anything at
this pomt because T bave been allotted 20 minutes to talk about this
general matter shortly But I should like to echo the remarks that
Dr Yhatson just made and alco to support those of Yhe gentleman from
Ann Arbor who spobe a moment ago

As you will see shortly Dr Perera s results if we call them results
of o treatment are vastly supenor to the results m my surgically
{reated patients and also to those i1n our nonsurgically treated contrel
series 1 think that the type of matenal that you are exposed to 15
Tery imp and Tcant oy h the 1mp of the over
ali smount of cardiovaseular damage that exsts at the time of the
first observation of the patient There 1s no question whatsoever that
the prognoss varies accordmg to the amount of cardiovascular disease
which exists when you first see the patient

T showld also like to point out and emphasize that people who have
transient forms of hypertension rarely have cardiovascular disease of
consequence It 15 only when the blood pressure has been persistently
clevated for o connderable period of time with exceplions in certain
males that cardiovascnlar disease hegins to make 1ts appearance

Ii you were to review all the Iiterature on this question of prognosis

asThave tried to 1 think you would find only one study 1n which the
blood pressure levels of the

conditions  Virtually all of

p:z:ents were determined under resting
the data have to do with ambulat

or,
fnuen!s and 1 am not at all surprsed at the lack of correlation b:
Ween progno: bl
free proguosis and blood pressure levels on the basis of data of that

Ve hare seen patients such as those T commental —
with -7

bagis
fora
Pressure
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able to show that among many patients with hypertension who had
no evidence of renal or cardac failure, the symptoms and the level of
the blood pressure are not closely related

I should fike to t at this t especially upon the rela
tion of headache to the level of the blood pressure among those patents
with hypertension but without hypertensive encephalopathy Dr
Perera’s studies ndicated that only a third of the patients ever had
headache at all Our own and the studies of Robey suggest that per
haps only half of the pitients with hypertension have headache The
half that do, do not necessarily have igher blood pressures than the
half that do not Those that have headache with their hypertension
do not necessanly have headache at the time when their own blood
pressure level 1s highest We have several patients who have ther
headaches predictably when therr blood pressures are lowest We have
several patients who bave lost headache as a symptom as the blood
pressitre became even more elevated with the mounting age of the
patrent

It has seemed to me that these facts support rather strongly the
dea that symptoms are not a manifestation (excepting always the
group of patients with renal and arculatory fatlure) of the level of the
blood pressure and therefore allow an entirely different orientition
for their management

DR CECIL J WATsON (MINNEAPOLIS) I should hike to add just onc
comment on a pomt that may be obvious to miny of you, pamels,
that what we really need m following patients with hypertension
with reference m particular to the progress of their disease and sts
prognosis, 15 a method of measuring the mean blood pressure duting
the 24 hour penod

Obviously that 1s an ideal that we can’t very well attamn But it
does scem to me that we can get much better information s to progress
and prognosis by deternuning the labihty of the blood pressure 1 used
to be perplexed by patients such as you have just heard about-—~espe
cially women 1 surpnsmgls good condition whose blood Pressures
for many years were found w the office (and usually i the after
noon), to be from 200 to 250 with a high diastolic pressure—but I am
not greatly surprsed now because those that I have heen able to
study wore carefully have usually been found to have a labile hyper
tension Therr blood pressures dechned remurhably during steep

We are all acquainted with this phenomenon but we don t 1ake v
into account often enough You have just heard about the lach of
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casual pressutes may be sppear 10 hase the best outlook 'é‘here 5
great nieed of a better index than blood pressure to gauge the desclog-
ment &nd tourse of hypettensue disease
or ¥amm The fate of the patient with bypertension is determined
by s Hood vascular system Approxmately 30 per cent die Irom
cerebral vasentar disease I think no one will deny that it 13 the state
of Ahe blood vessels that deterrines the outcome in cerebral vascular
disease
Appronimately 10 per cent die from renal msuficrency and nremia
The state of the small artenses and the astenoles determnes the zenal
msuficency and the urerma
Suxty per cent die of heart failure or coronary msufficency with or
without ynfarction
1t seems to me that more and more palients with hypertenvion are
bing o coranary il Terte agan 2, 19 the state of the
coronars ves els that deades their fate After many years of study
of the heart 1n hypertension I have come 10 the conclusion that the
f Coronary av A 33 nY Jeast as potent a fnctor
w producing congestive heart fadure as the wncreased wark af the
$eft ventndle The first case with a very high blood pressure that 1
studted for a fong period from 1912 t0 1934 died without ever having
avery sctie We throughout this perod Dr Bell at sutopsy found
hus coronary artenes ke a young mans He never deieloped any repal
insufficiency as tested by the best methods of tha? perod e had no

me s - 13 than the amount
have
» = uscaused by oftening of the bran and he died from o
stroke The vessels of the brain were severely arteriosclerotse
. \’\e m\:‘s\ get entena as ko the state of the bloa vee 2 # ~

uv aakt L6 come here and talk to us on hv
Tecent woth, on the study of atheromatons ang t ”
cholesterol molecules P the e of the Llood
e hnow that duabetes accelerate:
s the rate of pro
;t\enmc\trqsu to whuch we are ol prone u\\xmu\e}vagetfx:ofv! t’!;hi
\n»ertcnsmn 1 alse a factor which very defimtely accelerat i
Tany of us are convineed { P

b
ot et the devion 2% pgmf dmie'slcrol 13 one of the {actors

Dr Gof;
shows the correlation between the size of the cholestcmln;\:‘:lsxc:::mxﬁ
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I think that a short period of observation at bed rest will differen
tiate patients m the transient phase from those who are beginmng to
have a persistently elevated blood pressure Then you will find that if
the blood pressures are elesated after 48 hours of bed rest, oser 96 per
cent of the patients will have cardioyascular changes

If you start at that point and divide them according to the degree
of cardiovascular disease 1 the various areas, you will find a very
clear cut relationship between prognosis and vascular disease Also
you will find a perfectly defimte and clear cut relationship between
the seventy of the hypertension, as Judged by the restng diastolic
Ievel, and the mortality rate

vr PERERA I should Iike to thank the discussors who have made so
many helpful and eritical remarks and comments I certamly agree
with Dr Pages suggestion that we may be dealing with more than
one disease

It amuses me to think that hy pertensive vascular disease may exst
without hypertension, may be more than a vascular disorder, and as
Dr Page suggests, m1y represent more than one disease

Dr Hoobler ashed about the way m which we sclected our seres
Duning the course of these years, we followed a group of consecutive
patients, but we himited the selection to those 1n whom we were able
to document the disease and about whom we were able to obtam suffi
cient data to determine their status in every thing respecting the est
ence or absence of complications

I quite agree that this still remams a selected group untid the day
when we finally characterize the disense from 1ts begnnmg to 1ts end
But Dr Hoobler s series selects by virtue of an arbitrary blood pres
sure value

My plea 15 not that one series 1s right or another wropg but that
we have yet a great deal to learn because only when we can start with
the begmng and go to the end can we evaluate the total story As
to the suggestion of what blood pressure means, I too feel strongly
that the casually recorded blood pressure 1s of the least sigmficance
There are those who say the * floor ' 15 important and those who regard
the “cetling’ as xmportant contending that the peahs of pressure
may do the damage I personally feel that the floor 15 much more 1mm
portant and that until we obtam further documentation we shall not
be able to evaluate patients correctly

T agree completely that those patients capable of lowerng their
blood Ppressure floor with rest or relaxation no matter what thew
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Blood Lipid Transpott m
Hypertensie Tatents and Its Relation to
Atherosclerotic Complications

ATHEROSCLEROSIS 8 cotumon encugh source of disabling vascular
disease 15 a proper subject for this sympostum sn vie® of the reason
ablv well accepted evidence that 1t 1s an important complication 1n
the course of hypertensive disease and 13 a disease process accelerated
1 general m the presence of hypertension

Concepts concerning the pathogenesis of atherosclerosts ate numer
ous and conflicting even as to the sequence of steps 1n the natural
evolution of the lesions Although controversial a body of evidence
has sceumulated over the past 30 vears indicating that i <ome way
certam of the blood ipids especially cholesterol znd 1ts esters are
nvolved 1n the production of the disease m human beings as well as
1n rabbits dogs and chichens Bnefly we hnow from the autmal data
that certam procedures which result m the produetion of a sustamned
hypercholesterolemia are effective m producing lesions of strlng
similanty to those m human stherosclerosis In the human bemng there
does ewist a group of syndromes and disease states assocafed with

hol it m which and heroscl

15 charactenstic Among these are essential famihal hypercholester
ema myxedema the nephrotic syndrome xanthoma tuberosum
bilary arrhosts and dizhetes mellitus (1n some cases) Howesver all
these states together account for 1 rel ¢ vel
number of persons mn whom i
such as oecluswve coronary pen

h
hy

-nea

Seram cholesterol studies on s large bulk of the atherosclerotic

Patients have been contradictory with many workers refuting the
VOTE This study 13 based npon the collaborats

Thomas P Lyon Frank T Lindgren Hardm :;ezemﬂ:l:ffsrnﬂ:u“ olesa,
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the plasma and the tendencs for diabetes and hypertension as well s
lugh blood cholesterol values to speed up the process of artero
sclerosts

I think the work that Dr Gofman has done 1s epoch makmng m the
field of atheromatosts, nnd T want everyone to hear from lus own lips
something about this work on the cholestero! particle m the blood
plisma I am gomng to aliow him more than the 20 mmnutes allotted
to each paper It gives me personally a very great pleasure to mtro
duce Dr Gofman to this audsence
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of nterest can he best studied by the expedient of r:usm;,i the ::x;\:x:
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In Frgure 2 are seen the vatious dy7es of Jow denstty camponents
observed 1w the uliracentrifuge patterns of human subgerts These
compohents may be categonzed 25 follows

1 The chylomicrons Such aggregates hrigardy nevteal fat sre so

large that they migrate across the feld of siew well before the cen
trifuge fias reached full sperd The ¢ olation of chytomierons s our
labaratory by T ndgren bas revesled that they cottamn Jess than 1 per
cent cholestersh 3n v e of this we Feel 1¢ 1 dubsons that they are
direetly mmvolved m atherome production i

2 Species whieh mgrate with $; rates greater than 40 Lt
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evidence that any sigmficant elevation of serum cholesterol 1s present
m this group In no small measure this problem 1s complicated by the
great difficulty of ascertammmg what 1 normal serum cholestero} Jevel
15, when we consider that of the apparently well persons who may be
chosen to make up a “normal ’ series, as many as 50 per eent or more
have sigmficant atherosclerosis already

It was with the hope of eseaping this apparently futde controversy
that 2 group of us at Donner Laboratory mtiated 1n estigations {1-3)
directed toward the possibihity that perhaps the total concentration of
such blood hypnds as cholesterol might be of Jess importance with re
spect to atherosclerosis than the physico chemucal nature of the
molecules actually mvolved 1 blood hipsd tramsport This general
1dea had been previously suggested by such workers as Hueper 4
Hirsch and Weinhouse (5), and Rosenthal

Evidence accumulated by numerous worhers over the past 15 years
and by us has demonstrated that the largest part of the serum cho
lesterol (free or esterified) cireulates m the blood 2ot as ndrvidual
molecules, but rather as bulding blocks of * guant * molecules that may
contun as many as several thousand cholesterol or fatty acid nmts
per single mant molecule A basic need for the evaluation of the pos
sible evistence of a defect m the physical chemustry of the molecules
transporting hipids has been a methed of charactenzing such molecules
m the serum of an sndrvidual patient or ammal Under specral cond
tious of use, we have found the ultracentnfuge to be partseutarh
susted to this purpose

The ultracentrsfuge 1s useful because it allows us to charactenze
the wmdnidual grnt molecular types and to determune their respec
tive concentritions 1n & serum sample as a result of the different rates
of migration of the indss1dual spectes under an impressed gravitationsl
force of from 200 000 to S00 000 times gravity With such forces pro
tems, lpids, or Iipoprotens can be made to sediment or float at ob
servable rates 1n the ultracentrifuge cell dependmng upon whether the
density of the particular molecule of interest is greater or less than
that of the medum 1 which 1t 15 dissolved From the ultracentnfuge
optical digram (see Tigure 1) two major types of data are obtamed
Furst, a sedimentation or flotation rate charactenstic of that molecule
under specified conditions 15 calculated This mte ss 2 physteal con
stant just s are such more fariliar properties as melt‘mg p?mts ﬂ:d
boitmg pomts Second the area under or over the penks’ m the
diagram 15 proportronal to the concentration of the molecular species

1 dy of atheroscleroas the lipoproteins

mving nise to the peak In the study
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migrstmg with § rates between 5 and 10 umts (vanable wathin ‘!b’xs
range from rabbit to rabbit) 1s o hp PP y
30 per cent cholesterol and v per cent proten as well as phospho-
lypids and other constituents The feeding of cholesterol to such rabbits
results n @ v anable rate of 1ncrease m the concentration of the already
eusting lipoprotern of the Sy o-10 dlass Following tins prelimmary
penod most Tabbits show in addiion new Lypes of cholesterol beaning
lipoproteins 1 the serum differcntiable from the original hipoproten
bv two major features

1 The new lipoprotemns mugrate with rates greater than 10 Sy umts
1 contrast ta the normally oceurring hpoprotein which migrates with
ates between 5 and 10 Se umts

2 These new components of flotation rates greater than 5, 10 are
of successtvely lower densities than the normally occurning lipoprotein

The nesw components appearing m the course of cholesterol feeding
bave been found to be pnmanly in the S; 10-30 class although lower
concentrations of components of 8; values greater than S0 are alyp
seen In general the components appear 1n the order of mereasing Sy

e Tl )
= 1:‘ |-.

A

Fiotre § A dua,
gram showmg the a;
cossinely b her flotation rates n p::t::n c: of lipoprotein

molecules of sue
he progress of a



Frovne 2 The uhracenmfugal patterns of the low density hpoprotems {density
Tess than 1063) from 3 dffercut persons demonstratng the major types of
patterns obtamed Rotor speed 62810 RPVM Temperature 26° C Time m
tervals ag i Figure 1 (ke Jowest preture is from a patient with the
neplrotic syndrome }

3 Species which mugrate with §; rates between 20 and 40 umts In
thus group there 1ppear to exst a large number of components whose
§; values are so close to each other that they appear mdistingmshable
from o continuous seres The components of both the 20-40 and
greater than 40 Sy classes are mfluenced acutels by meals

4 Specses which migrate with §; rates between 10 and 20 umis
These components are present mn the blood only of certan human
beings and are hardly affected acutels by meals In this group severa
discrete molecular species are present

5 Speeres which migrate with S, rates between 8 and 10 units One
or more of the components of this class will be present at measurable
concentratsons in all human serum In this group discrete molecular
species are present Thev are mappreciably influenced acutely by
meals
Before concersung ourselves with buman atherosclerosis and a pos
sible relationship of any of the above deseribed components thereto
1t 1s mstructive to mspect the serum hpids and hpoprotems of the
rabbit deseloping atherosclerosis as a result of cholesterol feeding

Extenssve studies of normal rabbit sexa have shown only one prom:
nent spectes 1 the low denaity class of hpoprotewns Tiss component
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be answered an the afmative ot jeast for the S¢ 10-20 class of mole
cules 1n man Tt may be that the S¢ 5040 molecules 1 man are also
msolved but ante these components are more acutely nfluenced by
meals than those of the S¢ 1020 cfa 1 was {elt that they repre
sented less well the steady state of @ percon s lipid metabolism henee
conssderabion of the role of the S, 20~40 acs was deferred Considers
tions of this dlass of molecules will he pubbshed elsewhere
Tafortunatehy there exsts wo wav chmenlle of appratung the ex
{ent or even the existence of athesosdierons m the huing human be
g At best we mav take & disease entity eg My ocardial infaschion
and state that 1 well over 99 pes cent of cases coronary avherosdlerosss
will be present 1 mgmficant, degree m at least one branch of one
coronary atery Even this allows one to say little or nothing about
the extent of atherosclerasis wn other teous of the vascular bed of
such persons Howerer simficant menmmatory evidence can be
marshalled by « study of the orcurrence of the Sy 10-20 dlass of mole
cules assocated with clmical entibies ocourmng supenmposed wpon
athetaselerosss of certain vascular beds other entities known to pre
dispose to excessnve atherosclerosts and 10 vanous classes of pre-

surnably normal people One must decidedly qualily normal by the
word p 5l Tornt

sinee mod or extensive ath a} may Le
present 10 the absence of a clintcal vascular mamfestation
The pertinent data the of Ble con

centrations of molecules of the S¢ 10-20 class ase Prﬁser;l;d graph cally
m Figuze 4 From these data eertam obwervabions snd eondasions
pertinent to the possible relationship of their presence may be made
1 Nommal females in the sge graup 20-40 show a much lower
nerage concentration of Sy 10~20 molecules
o, ¢ es than do corresponding
2 Both sexes show an increasing 4
ey sexes oh g average conceptratian T oéhe o
1y, particuta
the male an
mcreasing a
These data aze o
o : e f‘r:x‘stcnt with ihe;n;?rc frequ:nz ;ccmcncc of
females and with the e, o et paan an Youn
e €
ical obsertabion Bat females Jose thig

vas
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value, with appreaable concentrations of molecules m one particular
range of flotation rates developing before those of even higher 8; rates
appear m significant concentrations Ounce the elevation of the nor
mally occurring ipoprotem of the 8; 5-10 class has reached its peat,
essentrally all the mcrement m serum cholesterol 1 such rabbits 1s m
the form of the components of 5; values greater than 10 umts (See
Tigure 3)

Autapsy of some 35 rabbuts at the end of 1 15 week feeding pertod
has revealed that the seventy of gross atherosclerosis increases with
the increase in the final concentration of molecules of the S, 10-30
class whereas the seversty correlates poorls with the final concentra
tion of molecules of the S, 5~10 clrss These obseryations mdieate that
the newls developed molecules of the S¢ 10-30 class (and possibly
those of evcn lugher S rates) are m <ome way mvolved m the sequence
of events leading to atheroma formation if they are not mdeed the
etiologic agents Contranwise, the molecules of the S; 5-10 class ap
pear to represent 1 transport mechamsm m the rabbit which 1s less
noxtous and whuch fails to handle the cholesterol (and possibhy other
Iipid} exeess beyond a certun Imit It 15 to be emphasized that sndt
vidual rabbits dufer mn ther tolerance to cholesterol feeding some
developing nesther appreciible levels of molecules of the S¢ 10-80
class nor athcrosclerosis 1n spite of the wgestion of a full ration of
cholesterol contamnmg food

A studsy of the ultracentrifugal disgrams from human bemgs m
yvarous categones of age and st3te of health reseals that two mayor
types of patterns oceur

1 Persons who shonn only hipoprotemn components with Sy values
between $ and 10 S; umts, m vanable concentration This picture
bears 2 resemblance to the normal rabbit picture or to that of the
rabbst i the early stage of cholesterol feedmg

2 Persons who show 1 addition to the components of the S 510
¢lass variable concentrations of molecules of S, 16-20 and m some
cases S; 2040 molecules Those showing such additional hipoprotetns
{of lower density than the 8 3-10 class) show thus 2 stnbing s
larsts m thewr serum hpid transport to rabbits developing athero
sclerosis

It 1s an obvious step therefore to raise the question whetber the
wdditronad hipoproterns mn the human bemng 1¢ the S, 10-20 class (and
possibly the Sy 20-40 class) mas be selated ta the development of
humnn atherosclerosts 1n & manner analogous to the situation m the
sabbit The evidence presented below mndicates that this guestion can
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Figure 4 Seven diagrams illustrating certam trends m the blood lev el of 5
10-20 Lipop n varous As 1 result of calibration changes
the Lpoprotemn Jevels reported throughout this figure have been revised up-
ward as compared with presious data reported in reference £ The revision in
no way alters the mterpretations grven m that reference A and B of this figure
show the blood levels of S, 10-20 hpoprotems in normal males (data based
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with the thesis that a relationship eusts between the Sy 10-20 class
of hpoprotems and human atherosclerosts, since so many of the pre
sumably normal persons do have apprecmble atherosclerosts In fact,
one would be highly suspicious of any supposed index of ath 1

that was negative 1n the large majority of human bemngs beyond the
1ge of 40

3§ Patients with my ocardial infarction or angma pectons show much
lugher average levels of S; 10-20 molecules than do corresponding
normals This is fully anticipated for molecules that may be related
to atherosclerosts since myocardial infarction and angmna are neatly
always sequelre of atherosclerosis at least of the coronary artertes

1. -
Figune 6 The ultracentnifugal pattern of the low density hipoprotems n &
patient with myvedema The upper of the two patterns i this figure 1s the

one from the myxedema case (Note the similanty to the pattern m
xanthoma tuberosum Figure 6)

. I
W gl el BRIl Ml e
Fioune. 6 The ultracentrifugal pattern of the low density hpoprotems mn &
patient with xanthoma tuberosum (Note the exceedingly hugh Jevels of
molecules of the S, 1020 class and of higher S; rates without a corresponding
elevation of molecules of the S, 3-8 class) The pattern involved 13 the upper
of the two on this figure the lower pattern bemg from a different person
but run at the same time

4 Patients with diabetes mellitus and hy pothy roidism, both diseases
which predispose to atherosclerosis show higher concentrations of St
10-20 moleccules than do corresponding normals Tigure 5 shows the
lipoproten pattern 1 a case of myvedema W orthy ?f note 1s the fact
that the S, 3-10 class of molecules 1s not app 5 clevated ovleé
the normal, whereas the S 10-20 class 1s fantastically gh This woul
as n the rabbit the group of components of Sr 10 or less

suggest that,
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Xl
oty not be Mlaked Yo otherosderoas wheress the B¢ 10-20 olass 15
so;?;:::wmm“ ot shown n ‘e semary diagum {Figure 4) have
e svndrome (ste Figtre 2
been made which show that m Abe aephoat o
¢} xanthoma tekerosum Bewe steded m rollaboration mp "
Jumes MeGinley (see Figure 8) awd 1o bibary cuthosts (see ’c;’""e
1), there are exceedingdy W \eyels of otecdes of the S¢ 10-20 class,
mithout cortesy onding elerations of the S, 810 class Inﬁm!;ﬂ;‘ a;
theee slates alo preduspose 1o ather s the precence of Ing)
Tevels o5, 10-20 molecies 1 e serom of pote st vath these a";’m’
supports e Bypothe 1 of the rélationsing of such malecules bo athere
sletnsis
Teturnmg Yo Yhe tenitdl Vet ol Y avmposim, hypettension
we Tgay e emphasze $he etcessne atheroadders 1 which froguently
sccompoties the hypertensive state & study o 78 patients with essen
tial hypertenyon smcuding those niready mamizsiiny $oging oF has
g hed & Drownrdel wharehan dhows ey the seerage level of
oolecules of the §; 1020 class 15 considerably Jugher % these patients
than m commeshondmg mormeals Thes 18 conssient WAk the dimead
abservations of extes ive atherosdleso 1s 1o Liypereny es Jowesse
1t should be noted that » «mall percentage of the hypertensive group
show very Jow leveds of the S 313-2% class of meterules whach 1 m
sgreement with the zutopse data wdicatirg tat some hypertensives
do 0t dev dlop spprevable sthsa (lerons Also worthy of note are Yhe
ohsesuabions that the lenel of &, 36-90 molecules does not comredate
well watk etther the known duraion of the hypertsnstve <tate or with
the 1etual fevel of the pressure The dats o a whole would sugpesy
1hat the elevated anerage levels of S; 20-20 molecules i hvperiensysss
conld account for sth i asa teation of kv per
enst n anthout s oling the prescure slesatinn ag the responsible fap
tor Tt wul of nomrte e be wmperative to obsseve 5 group of YW per
feu 1wes over an adequate period to detrrmne durvetly whether those
bpertensives with the most elevated ¢ 16-20 levels do 1 Iact dee
sclop more atheroscleroms than da the hyperten ives with 1o v Ipvele
‘;;‘:;;: “::";‘:‘% Un;y 18 this ey can an wilmate ¢valuadior of the
1 ance of pressan
elopreent i( a{hemsr(pp © per ok versus Liood bpds an the 8

tosss 10 bygected wes e made
A consideration of $he relatio

i betiseen the blood level of G, 20~

:{;\\:@:\e\: né\‘d apalihien) rsemm whole tesol Jevels prosides a ;Dsslb(e
£ e question of the & crepantyeg 2y

cholesterat elevation and atherose) o o o Sistn Sarum

Prasts In normal persgns wod m
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patients n various disease categories the routme analstical blood
cholesterol determmation 15 of no predictive value as to the level of
S¢ 1020 molecules that will be found ultracentrifugally The S, 10-20
molecule level may be high when the serum cholesterol s low, and
vice versa Jt 1s truc, however, that, considenng average fevels and
without concerning ourselves about the wdividual patient, there 1s a
general trend toward mcreasmg levels of §; 10-20 molecules with m
creasing serum cholesterol Jevels The observations thus wndicate that
there 15 at least a sem: ;ndependent mechanmsm for the control of one
group of hpoprotems no matter what the lesel of certam others may
be

If our thess of the relationship of molecules of the S; 16-20 class fo
atherasclerosis should be correet, st would be readdy understandable
that certain patients, for example, dubetics, with low total serum
cholesterol levels but with high S; 10-20 levels, could develop exten
sive atherosclerosss This mught remove some of the paradoxes of the
relation between serum cholesterel and atheroscleross

Any nltimate understanding of the significance of the S, 10-20 mole
cules and others of the Iipoprotemns of serum will require an under
standing of the faciors rest ble for the £ e of any par
eeular level of these molecules 1n a steady state One approach fo this
which has already provided somne clues has been via dietars alterations
1 human subjects

In human bemgs, normal ar with vascular disease the restriction
of the total fat mtake to from 25 to 50 gm per day (+egetable and
ammal fats) and of cholesterol to 100-200 rag per day results m a
decrease 1 the blood level of §, 10-20 molecules m the magority of
cases within 1-8 weehs, the response besng varable m rate and extent
from sdnvidual to mdividual Accompanying the depression mn the
level of the S¢ 10-90 class of molecules, there may be less striking
but definite, depression of the level of the Sy 3-10 class of molecules
These changes may be accompamed by appreeiable, moderate, or
neghgble reductions 1n the serum cholesterol level as measured by
the usual ch } techmques That sigmificant changes i the 5¢ 10-20
class may occur without appreciable glteration mm the total serum
cholesterol s some cases would be antiipated since w many such
cases only a very small percentage of the total serum cholesterol 1s 1
the form of S; 1020 molecules The addition of fat back to the re
stricted diet, whether fat of animal or vegetable origm, resulfs 1n &
nise agun n the level of Sy 1020 molecules ‘Thus the dietary depres
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sion 10 the level of such molecules persists only 1f the dietary restnc
tion 15 maimtawed

Studues of hypothyroid patients recerving thyrord extract has al
ready mdicated that m such patents this drag does depress the level
of 8¢ 10-20 molecules Whether thyroid extract influences apparently
euthyroid persons who show these molecules 1s now under mnvest:
gation

‘The possible hylactic and therapeutic value of dep: g the
level of the 5, 10-20 class of lipoproteins with respect to atherosclerosts

will necessarily require a longer term evaluation than has been pos
sible to date




Questions and Discussion

DR ANCEL REYS {Mrvnearonis) I am sure all of us here are m fulf
agreement that we could spend the rust of the sympostum discussing
Dr Gofman’s paper and could find reason for relating that to the
problem of essential hy pertension which 1s the occasion of the meeting

Perhaps we may hope at some future date that a sympostum wilf be
devoted to the general question of atherosclerosis and perhaps the
other vanieties of arteriolosclerosis over which the pathelogists debate

The questions, however, that are brought out by Dr Golman's paper
are 50 umportant and so numerous that we must touch on a few of
them

In the first place, Dr Gofman was exceedingly modest m lus ex
planation of the physical system that he 1s working with It 1s true 2t
1s not difficult to comprehend the primeples, but I must empl
the tremendous amount of mgenwty tnd Inbor mvolved m gettng the
astonishing number of dats, some of which he has only alluded to here
I thin! there 15 a great deal more materal under analvsis according
to what T understand from Dr Calvin who wisited here a few duis
ago
The problem that we begin with te take up one of the exxly points
rused by Dr Gofman, 1s the question of “normality” and normal
standards These points have interested us at the Iaboratory of physio
logical by giene for some time not merely m connection with cholesterol
m the blood, but i other connections as well

1 think 1t should be realized that when we are using, as we do
popular medical parlance the term normal we merely refer to
people who at that moment do not chibit developed disease dis
coverable by our present techmiques In general we gather together o
group of people who, let us say, are acceptable msyrance nrsks  at
the present moment, make our measurements on them, and fahe the
average of whatever we have measured to be the center of normality

892
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‘his method merdly gues us the popular vote of that S""“p;“
peopie 1 regard to the item of measurement e record 85 nox':;'\h
merely the mosy frequent or {he most common chatacterishie Tiat
does pot necessonily bave anything to do whatsoever with the grog
oms Tor those persons ther Tuture with regard o disease versus
bealth We have heard tepeotedly throughout this symposium the
Phea for 2 long time study of persons for 1118 onle by relating present
Sndings on people tv ther future developments that we can begm
to nuderstand the meanung of 2 patticular prestnt finding

Tvow, 18 consection with atherosclerosss 1 vk there 2 no doubt
(« the munds of most students of the problem that somebow or other
cholestersl 15 1f not primary to st Jtast ;mbmatdy associated with
the development and progress of the atherotic condition mn the sessel
wall It has also been obvious for some time that 3t 1s 1ot » sumple and
straghtforward connection for many pitients are seen who obviousiy
base athetosclerosis but who do not show major elevations 1a the
total blood cholesterol the free chole tero} or any other fraction that
thas been studied hnherto

The sigmficance 1t seems ta me of Dr Golman s work s that he1s
abvausly buogmg us much closer to the measurements of somethiny
which 15 more dureetly related to the atherosderolic process But per
hags and 1 think that Dr Gofman will agree there ate several other
points which have gat heen mentioned at all s hus discussion

Tn the first place you cannot have S1y molecules 1n the blood with
out having cholesteroloss in some form Secondly, there s the question
of why the cholesteral 6 to speak sets up househeeping m the vesse)
wall He has mentioned 8 per cent of hus patients wmith unquestioned
coronary diserse wha show no elevation 1n the Sy fraction tn the
Bood Tt 15 true he need vot ppeteg 2> For that § per cent by Yeey do
represent puople who Iy do not have ab My hugh Jevels
tl’::ii‘: particular form of cholesterol and vet have all the signs of the

Where does that leave us? To
me it means that possibly some
these patients have thewr lesions becanse of let ue say past lfxs!ory ;i
one tune they may have had a bogh level of Ssy molecules 1 the blood

and the athesosclerotic Jeunng
rersesy but ot 15 equ:
suggest that these persons reflect the fac e e onatle to

has 2 maer rota 4 play Chers » muck
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picks up the more external manifestations in patients who have no
vascular symptoms We ourselves have studied several of these people
with xanthoma tuberosum Such people usually have total cholesterol
levels m the blood whuch are very high They alse have Iugh levels
of these Yarge molecules which Dr Gofman 1s studymng Nevertheless,
although the majonty of such persons may have a tendency toward
vascular disease s well, many of them do not exhubit this tendenev
so that it can be recognized climcally Many of us have seen patients
of this hand who have enormous deposits of cholesterol m the shin
but who get long very welt indeed without the shghtest sign of vas
cular disease and who continue that way, for some years, at least For
these and other reasons I must sist that there 15 some frctor 1
volved 1n the blood vessed wall which influences the deposition of
cholesterol there

Another question that has to be thought about very carcfully here
15 one arsing from the fact that among persons on the same diet In
g the same hind of life some have high concentrations of eholesterol
in the blood, and some have low Now this may be * expluned’ by
tathmg nbout “constitutional differences,” but that 1s realls evading
the 1ssue of ndnidunl differences The wnportant pomnt s that we
conclude there 15 obviousls some regulating machnery which affects
the blood concentration and very hely the atherosclerotic process as
well There 15 some regnlnting machinery which determimes the level at
which the Sig moleeules ewist i the blood So far T have seen no clue
whatsoerer as to what that regulating machinery mav be or how 1t
operates The mduvidual les el of cholesterol i the blood and I beheve
of S;5 molecules also, 15 Drgely mndependent of the diet, although we
can produce modifications by drastic changes m the diet of the mds
vidual he tends to mamtam a partienlar mdnidual level Here s an
enormous problem for future mvestigntion

One last word I should hike to ok Dr Gofman of he would comment
on his use of the term  molecule for his particles Many vears ago
when I studsed physteal chemstry, we had a siwapler concept of mole
cules and atoms than his emerged u recent vears Nesertheless 1
think we should stll ching to some fanly mgorous termmology if we
possibly can, and I wonder whether 1t 1s proper to spesh of Dr Gof
man’s partieles as molecules What is the eriteron for eallmg them
molecules? Thes have a particular densitv and size charactenstic
and as far as I hoow, that 35 o)l T should mquire as fo the forces
which hold these cholesterol particles together Y should ash whether
they are held together by covalence bonds prrtind valences whether
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factors are mvolved and o s bow and whether there s
E:;mgamere than the loosest Lind of physteal force huldmiz1 them
together m agyregstion s 18 tet scademie qubblmg  whatever
factors and forces produce these aggregates or molecules these are
factors Which comoashy ester wto the etclogy of atherosderosis 1f
these particles are mvolved as such m the etwology of atherosclerosts

pe RYINE 8 PAcE Mr Chawrman X shoufd hibe to tell you why I
\hach this work besrs all the earmsths of gemal thinhing T can tell
you because 1 can compare 1t with our own artenosclerotic tunksng

Two yeurs ago the US Pubhe Health Service bought an ultra
centrifuge for us and we were o busy watching things go dewn that
we forgot that they coufd go up The gemal thought—aud I suspect
1t meeans that a man must be young brght and possivly from Caly
forma—vas thay hipids usually float rather than settle Now that
looks fike a very sumple step but it 5s a step that nobody bot Jack
Gotman took It 18 a step of major unportance’

Now I am also pleased to say that we have been able to confirm
m essence atmost everytting that Dr Gofman has eaxd  That natural
1y gues us great pleasure and while st doesnt add anything 1 thisk
o Dr Gofman s work, at least 1t comes from an entirely mdependent
souree

You mught ash what we had m mmd 1n the first place 1w buying
aa ultracentnfuge Dr Lena A. Lews and I were interested 10 com

panng the changes we had found in the Tiselms electrophoretie pat
ternin patients with -

another physical met

of the blogd 1t had

Tiselios pattern were Biu sty disturbed  even in evpenmental renal
hvpertension Tha t ’

. er a method which
:qu t ad u But we s sed the

at and ot that we had made
but how to yectny the mistake

T thinl. that vone of us at present would want to jeopardize our
thinking as to the final outeome of the work on the §; 10-20 moleenles
It will come ouy 1 the not distant future what they realhy mean m
ferms of the mechams of atherpselerosis and m usefulness in clinteal
medieme That they are present m the blood under some 1ery mtc:
:tmg cucumstances as Dr Gofman has shown there can no Jonger
l;a:n‘y; o:i:::: 'ﬂ;at lh(eylomur i the blood of meq rmore commaﬁb
s al<o unfortunately true Which 35
bnnging out the confounded superonty and dumglsxtha:(;lf;z ;::nloef
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PR pranany suorn I should like to refer very briefly to the ques
tion rmsed by Dr Keys coneerming a regulating machmery withi
the body tself that determmes blood eoncentrabions such 3s those
described by Dr Gofman In thi, connection I should like to cite
what may be relevant studses beng carrred out by Dr Henry Simms
of the College of Fhy sirins and Surgeons Dr Simms 1 using & tissue
culture techmque Taling chicken fibroblasts which he washes free
of the lypid granules which they are prone to deposit m the normal
state of growth, he has been able to determie the presence of two
famibies of substances There are hpds which deposit Iipfanogens with
m the fibroblast m the tissue culture There ave factors which appear
to be in the albumm fraction which mhibit this deposition Apparently
m these fibroblasts he has demonstrated the existence of +arysng, Tatios
of these Iipfanogens to antilipfanogens The antibipfenocgens for ex
ampje are heat lable and cin be removed from a partscular specimen,
allowing the hipfanogens to exert thew action unopposed His il
studies have estabhished 2 rtio of lipfanogens to antilipfanogens m
the <o called normals and he has begun a studsy of patients with
coronary disease and of patients with dinbetes

Tu the patients with coronary disease the ratio of antilipfinogens
to iipfinogens has been profoundls reduced

Dr Gofman, I beliere 15 about to carrv out studies correlative to
those of Dr Simms so that it mas be possible to relate these findings
on the species of substantes to a ratio of mhibrtors which set the
pattern for each mndivdud-——nnother example of homeostasts

DR % L WATERS (AEW HAVEN) Arfenoscleroms ys & foctl process
1t develops m 1 characterstic pattern mn the aortr at the mouth of
the mtercostal artertes and at the origms of the great thorieie wmd
abdominal branches Xf the blood pressure 1s raised acutelv n es
pertmental animals, damage to the s ewt] walf ocuurs at precely these
sites This dumage 15 essentially ' mflammatory process Tarticulate
matter mndudmg India mk dyes and hpds may localize these
arcas 1 should hike to ash Dr Gofman if s molecules would be like-
v hecause of thor physieal propertics, to locahize m such areas of
mfammation? Further, would not Jocal factors be mportant m de-
termintng the loctization of any hipnd particles denved from the bl9od?

sn coratan 1 mught stact with Dr Keys I will start with Dr Keys
comments about the 8 per cent who don’t show these molecules 1n the
blood 1tself T thunk that as far back as Virchow and possbly before
that, 1% has been recoguized that atheroscleross 18 a focal process
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\Whatever the reasons for this are, dontLuow them 1 thagh w¢ st
Le that wto account
u’rhue 1s the fact that there are many, many cases that come to
sutopsy with the left coronary artery miolved with atheroma and
with the sotta completely clear There are cases wth the sorta n
<alved and the caropary astenes clear There are cases with other
musculse of mueular elastic artenes wvelved and others clear
Te don t understand what the factors are which determne why a
certatn vessel 18 mvolved Certainly thus 13 one of the major prob
ters to settle Tt af in any event 1t may be that having a certsin
cet of molecules at a certain kpid metabohsm s the sine qua non of
the developing of the disease, the actual site of the disease may well
depend uwpon the tocal factors
There has been considerable discussion with respect to Dr Waters®
question ghout the posuible 1pjunes at a particular lacal site which
might determune that ths site itself 15 the site of atheroma formation
1 don t thunk we ktow what those wjuries are There has been dis
cussion of tmyury to the elastic tissue ats fraymg and <o on but I
believe it 1s wholly Teasonable to think that giien certain substances
that do torm atheroma specific local factars in the vessel will be highly
neportant 1w deternuning where these malecules will appear
Agam about this 8 per cent, T should bhe to szy that among many
of these people we knaw vere defimtely that after thetw covonary
episodes they have heen eating far less than befare of the foads that
we know will raise these molecules 0 concentration 1§ angoune {ahes
8 serles of coronarv thrombesis patients and weighs them a year after
they have had ther coronary emsodes he wall find thar weghts
lbbe‘:: th:xn blefore the coronary episodes The patients we Luow have
‘mg;l“ :;‘%h :S? probabley because thewr doctors advised them to lose
y were at all overweight even though making no sug
Ses‘t‘l%nihmth reg:rd \: speaifie 1tems of diet
ether 1t 15 this adwice alone or not 1t 13 unquestionably true §!
:;Z&:‘;;‘:s ‘“:;’ :‘“’e had & myorardil wfarction ate n gen?,an;'
Py m::ar than before Possibly Dr Clawson mught also want
statement but there 13 no question that a certan
centage—possibly & per cent maybe 10 or more~—of ¢ -
have a myocardial infarction have 1t on b Patients who
sdlerosts We should theref b some basis other than athero-
these peogle negative ore not be greatly surpnsed to find some of

“Now about the patients wth xanthoma tuberosum that De heys
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spohe of, of whom we say they dont have vaseular discase—1I think
this 13 very dangerous Lven though we say they don t have vacular
disease, they mav have extensive vascular disease For that matter,
we hnow there are many, many people who come to autopsy at the
age of 86, who have never had a symptom of coronary disease or
peripheral vascular disease, yet have vessels that are loaded with
atheroma far i excess of what patients have who have died at 40 of
a myoecardia] wfarction That 1s the perplesing part about athero
sclerosis and 1ts great difficulty

Patients can have a good deal of atherosclerosis if thev just don’t
happen to have it 1n a critienl 1rea or to have supenmposed upon 1t
the acoident that we don’t understand at all—namely, a hemorrhage
1ate 1 plaque or 2 thromboesis To us they ook normal To my know!
edge there 15 no chinwcal was of lookmg at these people and saying they
are or they wrent m trouble Certamly the vast amount of evidence
on patients who have vinthoma tuberosum and have 1t for a whies
that they do have 1 fur amount of atherosclerosss m ther vessels

There ngnin one mught find 1 patient with vanthoma tuberosum
whose coronary arteries are free but whose vorta s loaded But the
mere fact that & patient appears chinieally well indicates nothing at
all about how much atherosclerosis he may have for the amount can
be ternfic without anv climeal mandestations

About the regulatmg machinery, T am m full agreement that we
haven’t even touched on the regulating machmery which determmes
why some people who eat « high fat a high cholesterol diet—ent 1t day
m and day out 1nd eat more of 1t than other people—~don’t show
these molecules They are among, let us svv, the supenor persons

The great future problem of this sort of research, I thinh, 1s to deter
mune Just what the nature of the regulnting mechamsm s But 1t 18
absolutely true that one can mahe no blanket statement to the effect
that if one cats these foods he will have these molecules I treed 2
myself, tried eating an excoedingly high fat lugh cholesterel diet for
a pertod of time to see whether I could produce the molecules what 1
succeeded 1 domg pnmardy was to raise the level of my own mole-
cules of the 4 §; class This 15 very sumilar to the rabbit situation carly
Possibly if T could have tolerated this diet for s penod of longer than
the three wechs dumng which T tried it T nught have developed an
appreciable level of $, 10-20 molecules At the rate I was gmmng
weight the diet was a little bit difficult to continue b

‘With tespect to the third problem whether or not we should use th e
term molecules or aggregates Thasea verv very strong opmocn on this
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These are molecules I think that the progress of seience espe
r;ﬁ;. the science of large molecules has been held up more by 'gxe
concept that we should distinguish between a <o called nggregate and &
so called molecule than by any other thing that the collod chemists
have done and I think that the weight of Ingh powered thinking m
the chenuieal field 15 that one should not establish a difference between
a loose force and a strong one

There are many, many unportant chermcal forces—the so-called
1 ander Waals forces—which are n eustence between any two atoms
that are close enough together These forces play the most wnportant
of roles n the structure of molecules and hence to make a differentia
tion bebween a covalent Link an ome ok #nd 4 Vander Waals link
(ot & weak Iink so called) 1s really to lose sight of the fact that all
chemtstry 15 based upon the combination of such imhages rather than
upon the existence of only covalent limks If there were only one tvpe
of lwhage exssting 10 chemustry 1t would hase long since been a simple
problem but 1n the vast field of immunology and antibody reactions
the conditioning factors are undoubtedlv pnmanly these so-called
weaker lnks

The fact that these substances have a repeatable composition and
a perfeetiy distinet dlasuficabion wath respect ta sedimentation rates
density and other properties wonld mdicate they are a distinct spectes
Whatever the forces mvolved 1n holdng them together they abso-
lutely and unequivocally deserve the term molecules rather thanm
gpgregates

As to Dr Pages comments well T am certaanly grateful for s
generosity but particularly grateful to hum for the statement thay we
aren t Imagwung all these things Concermng what Dr Shorr had 1o
523 1t will be very interesting t6 see whether and how our work cor
relates with the work of Dr Buams and others T think T have covered
Dr Waters pomt.

DR. GEORGE FARR I think you all have had enough 1 what Dr Gof

man and some of the others have brough
ght forward tods;
that atherosclerosis 15 the central o e

pomnt 1n the prognosis and the

l:gy of ia%?rs that bring about 2 decrease 1 physical fitness 1n h;:::l
ension The atherosel

ron T sclerotic 1s by far and away the great problem for



by ROBERT W WILKIAS

The Hemodynamc Effects of Vaious Types
of Thelapy mn Hypertensive Patients

Srupies of the hemodvnamic effects of procedures designed to Jower
the blood pressure in hypertensive patients are of interest not enk
i connectson with the specific cases studted, but also m relation o
the general problems of the nature of the disease and the proper ams
of therapy Furst of all, such an approach will quickls demonstrate
to any mvestigator who cares to try st that under controlled laboratory
conditions the blood pressure of hypertensiy e patients can be lowered
This 15 of <ome importance, particularly now when there seems to be
mcreasmg adhercnce 1o the wvun that the pressure m hypertensive
patients s naturally <o vanable as to cast doubt on the significance of
any lowenng that mav aceur after a therapeutic procedure Second,
such studies will demonstrate that the blood pressure of hypertensne
patients may be lowered m 2 varety of ways, and with s number of
different hemods namic adjustments, some of which may be, at Jeast
theoretically more desirable than others In this laboratory attention
has been devoted chiefly to the cffects of Jumbodorsal sympathectomy
and of certam hypotensive drugs Other laboratories have studied
addition adrenalectoms, spial anesthesia pyrogens and dret It seems
possible that from all these studies will stem if not an effective form
of treatment, at Jeast 1 better understanding of the disetse

Lumbodorsal Sympathectomy
Lumbodoraal sympathectomy (Smuthwich 1) has now been m use
for 12 years for the relief of essential hy pertension One of the hemo
dvnamice effects most commonly observed particularly eards after this
operation, 1s postural hy potension presymably due to the reduction
m sympathetic sasopressor responses to the upnght position Indeed
some obseryers have aseribed the chinieal impros ement that they have

400
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cbserved m patients after operation clhuefly to this effect (2) While
1n e postura} bypotension appears to lessen or at least to become
Jess bothersome to patients who usually cease to complain of 1t from
6 10 12 montbs after the operation 1t 15 our impression that the auto-
nom¢ vasopressor Tesponses to the upnght position are impaired for
an mmdefimite period We have found them to be marhedly reduced ss
long 23 9 years following Jumbodorsal splanchuicectomy We believe
that patients fearn to accommodate for thewr loss of autonomie con

tro} throwgh a conscious or unconscions activity of the voluntary
muscles m the Jower patts of the body
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There are other sympathetsc nervous vnsopressor xesponses that aze
somewh 1t easier to relate to the extent of surgical sympathectomy and
to the presumed reactivity of the svmpathetsc nervous system These
are brief overshoots of arterial pressure that occur as pressor responses
to even a few seconds of artenal by potension praduced by any maney
ver that does not itself impair vasomotor reactnvaty {3) The Valsaha
test 1s one of the easiest and simplest of such maneuvers to perform
After an extensive sympathectomy 1 patient fads to hove an over
shoot after this test 1q contrast to the marhed responses usually present
before operation (Fig 1) Since during such osershoots the artenal
pressure may rise to dangerousty high levels, i 15 reassuning to spec
Iate on the possibihty that their abolition may be chimealls vajuable
to the patient The mparment of these responses also bas been ob
served 9 years after operation

A pecubanty of the pulse rate 1 hypertensive patients was noted
during recent studies of the effects of epmephrnne and Mnep
m 4 group of kv pertensive as compared with a group of normotensie
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? subgects and i 6 hypertensne patxents belore md afte
lumbodersal sympathectomy
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sibects (4 5) Although the blood pressute responses of the two
groups to both these pressor drugs was the same the pulse rate re
sponses were different ‘The normotensive subjects slowed therr pulse
rates dunng pressor Tesponses to these agents but the hypertensive
patients faled to slow their pulse rates normally Lumbodorsal sym
pathectomy however Testored the normal slowing of the pulse rate
m hypertensive patients dunng pressor responses to epinephnne or
norepinephnne (Fig ) It was further interesting that on re-examina
t10n of the pul e rates dunng the oy ershoot responses to the Valwalia
test the hypertenmive patients were agam found not 1o slow therr pulse
rates as much as normotensive subjects (6) However one could not
as ess the effect of sympathectomy on this type of pulse retardation
smce the operition abohished the overshoot tself which presumably
was responsible for the slowing

Measurements of the cardiac output renal blood flow and penph
eral blood flow hate not yevealed them to be conmstently changed
after sympathectomy at least with the patient resting under labora
torv conditions (7) Simular results have been obtamned for the cere
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bra] blood flow (8) The resting hepatic blood flow, on the other hand
was usually mereased early after the operation but then slowly sub
sided so that by from 6 to 8 months 1t had resumed its preoperative
resting level The hepatic blood flow 1n the upnght position before
operation 1n hypertensive patients, as mn normotensive subjects, was
usually less than i the resting horizontal position, although the mean
arterial pressure was essentially the same, denoting splanchnic vaso
constriction 1n the erect posture (Fig 8) After splanchmeectoms,
however, there was no evidence of splanchnic vasoconstriction m hy
pertensive patients i the upnght position, the hepatic blood flow de
creasing only 1n proportion to the postural hypotension (9) Thus
the resting blood flow through the body was essentially unchanged
after sympathectomy, whether or not the resting blood pressure was
greatly reduced These results indicate that after sympathectomy the
circulation remams adequate 1n the major vascular areas under rest
g conditions, although under conditions of stress, as, for example
dunng evercise and/or the assumption of the upright position, 1t may
be dimimshed in certam regions, particularly when there 1s 2 major
reduction 1n the arterial pressure

Drugs

To be smtable for therapy n essentinl hypertension, a drug should
Jower the blood pressure without undue side effects and should be
active, when taken by mouth over long periods of time There are as
set no drugs available which satisfy these reqmrements However,
those that have at least some of the desired properties hate been
studied to determme what types of drugs would be desirable (10)
The agents that have been used may be divided 1mto the sympatho
Iy tic and the non sv mpatholy tic drugs

SYMPATIIOLYTIC PRUCS

Dihydrocrgocornine The rationale for the use of sympatholytic
drugs 15 of course the same as that for surgical sympathectomy Tne
prototype of the group that has been studied most 1n this laboratory
15 Dihydroergocornme (DHO 180) (11) Active by mouth, thus drug
might hasve been smtable for long term chmeal tral had 1t not been
found to lose 1ts hypotensive effect after continuous oral admipistra
tion for several weehs (12)

Take surgtcal splanchmeectomv DHO was found to cause postural
hvpotension and the abolition of v1sopressor overshoots to blood
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Frovaz 4 Optreal recosds of the artenal pressure (Hamilton) shomng the
espomses to the Yabolva maseuser @ o bypettensive patient before and after
the imirsvenoys admustration of 08 mgm of Dihydsoergocornize

pressuse fowenng procedures (Fig 4) Also like a sympathectamv
which ncludes the heart DHO usually produced bradycardia How
ever on acute adohn? tration 1is effects upon the blaod flow yn d.f
ferent s aseular areas were much less conststent than thoese of surgical
sympatheciomy Chz actersticolly although the cardiac output did
oot fall the blood fiow in the hadnevs and hver Jecreased with the
drop 1 the artertal presoure 2'though 1o some nstances it later re
turned to contro} Jevels whie the pressure cantinued to be reduced
The cerebral blood flow has been reported to remam at control levels
Quying falls in the artemal pressure due 1o DHO (18) The penpheral

ovd flow 1n the arms and legs ased or o

NOY SY\PATAOLYTIC DRUGS

$era rum vinde Veratrum vinde 35 a hvpotensive but ot a sym
ratholylic agent (14) Consequently theripeutie daces 1t wa.
found not o canse postural hypoteasion or to reduce the vasopressor
avershoot reactions (Fig 5) In thyg Tespect ¢t wis interestiog smee
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INTRAVENQUS  VERILOD.

Fiotns 6 Electrocardiogram (leads 1 and 3) snd arterial pressure (Sanbaen
electromanometer) tracngs i a hypertensive patient belore and at varous
satervals (as noted below) after the mtravenous admumstration of Verdod
Cerebiral blood flow (hety) measutements as noted above were made dunng
the time of the first two (control) and the last tno {po-tdrug) travings

Jess per Lifogram of bodv weight 1w hypertensive patients than in
Rormotensive patients for 4 given hypotensive response The retarda
tron of the pulse rate through vagal action was 2 usual and contriby
fory although not & necessary component of the hypotensive effect

of Veratrum vinde Physiwlogte enidences of myocardial stratn snch
asad o 4 -1

the &

The ¢

and € . v 1 wamed adequate at least after adyust
™ent to the mmtial sharp drop i the hlood pressure on acute ad
muistration of the drug (14) Preluninaty measurements of the cere
bral blood fow made by us (16) and afso by the Philadelphia group
(17) have shown no conuistent change duning the hypotension pro
duced by Veratrum (Fig 6)
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cause errculatory embarrissment The studies do not, of course ndi
cate that hypertension does not occur 1n association with vascular
disensc or that too great a lowering of the pressure will not cause
ischemin However, they do emphasize that essential hy pertension m
many cases 1s a disease primarily of disturbed physiology, with per
haps some but by no means ummversal, organic vascular pathology

It 1s still important today to make the distinction between patho
logic physiology and pathologic anatomy 1n disease first emphasized
by Sir James Mackenzie years ago It 1s important beeause when both
ty pes of disturbance occur together m a patient, the organic changes
may an part be due to, or at least aggravated by, the physiologic
changes To insist that therapy should be directed at and judged by
the improvement of only orgamic and not physiologic disturbances
may mean abandomng all therapy, for n some cases it may be pre-
sumed to be too etrly, while in other cases 1t may be presumed to be
too Iate The prevention of orgamic lesions by the amelioration of
physiologic disturbances 1s the cardinal um 1 the use of hypotensive
thernpy 1n hypertensive patients It must be emphasized agam that
only long term studies are capable of establishing the effieacy of such
therapeutic attempts

The most objectionable feature of long term therapeutic studies 1
that they take such a long time There are many lesser objections that
hinge on this one There 1s great difficulty mn heeping patients con
tmuously on 2 given therapy over long periods of time Here surgeons
have a great advantage oser intermsts Indeed there seems to be
something satisfyingly final about removing portions of the human
anatomy In cases where the sympathetic nerves are removed for the
treatment of hypertensive disease paticnts stmply have to continue
undergoing the effects of such therapy whether they Iike 1t or not'
Speaking seriously, this may constitute one of the chief favorable
charactensties of surgical trentment, namely the continuity of 1ts
effects By now, as you will hear from others, enough surgical cases
have been followed for sufficient perods of time for the results to be
stabistically significant when compared with non surgieally treated
cases The evidence of the prolongation of life and the reduction of
vascular disease seems clear It 1s disconcerting however to hear some
critics of therapy accept the evidences of erganic improvement after
surgery but object to certam associated phystologic disturbances such
as ‘ symptomatic debilitation” of the patient and on the other hand
accept evidences of physiologie or svmptomatic improvement after



Hemodvnanue Effects of Vanous Lherapies 409
medica) treatment but cbject to the lach of enidence of oxgame wm
provement

In time of course both orgamic and physiologie evidence for the
efficacy of all the vanous forms of therapy now 1n use i hypertension
will be forthcommg Fven at this pont however, 1t 1s obvious that
none of these forms of therapy 1s 1deal or, for that reason hikely to be
the uitimate Nevertheless by carefully studying the asalable proce
dures that fower the blood pressure in hypertensive patients enough
evidence bas been obtaned to indicate that the ideal therapy -—name
1y one that d {he peripheral fowers the blood pres
sure (n early cases to normal) and maintains the cardine output and
blood flow 1n the various organs of the body at adequate levels without
undue side effects—1s not beyond the realm of possibihty
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cause circulatory embarrissment ‘The studies do not, of course 1ndi
cate that hypertension does not occur m association with vaseular
disease or that too great a lowering of the pressure will not cause
ischemsn However, thes do emphasize that essential hy pertension 1
many cises 15 o disease primandy of disturbed physiology, with per
haps some, but by no means unn ersal, orgame vascular prthologs

It 15 stll important today to make the distinction between patho-
logic physiology and pathologic anatoms i disease first emphasized
by Sir James MacKenzie years ago It 1s smportant beeause when both
types of disturbance oceur together in a patient, the organse changes
my 1 part be due to or at Jeast aggravated by, the physwlogie
changes To msist that therapy should be directed at and judged by
the mmprovement of only orgimc and not physiolome disturbances
mas mewn abandomng all therps, for m <ome cuses 1t may be pre
sumed to be too early, while 1 other cnses 1t may be presumed to be
too late The prevention of orgamic lestons by the amehoration of
phs stologe disturbances 1s the cardmal wn 1n the use of hspotensne
therapy 1n hypertensne patients It must be emphasized agam that
only long term studies are capable of establishing the efficacy of such
therapeutic attempts

The most objectionable feature of long term therapeutse studies 1
that they take such a long time There are many lesser objections that
hinge on this one There 15 great difficults in heeping patients con
tinnously on 4 given therapy over long pertods of time Here surgeons
have a grent edvantage over miermusts Indeed there seems to be
somethmg satufuingls final about removing portions of the human
anstomy In eses where the svmpathetic nerves are removed for the
treatment of hypertensive disease, patients simply have fo continue
undergomng the effects of such therapy whether they bhe 1t or not!
Speaking senously, this may constitute one of the chief favorable
charactensties of surgical trertment namely, the contnunty of 1ts
effcets By now, as vou will hear from others enough surgical cases
have been follosed for sufficient periods of time for the results to be
statistically significant when compared with non surgically treated
cases The evidence of the prolongation of hie and the reduction of
vascular disease seems clear It 1s disconcerting howeser to hear <ome
entics of therapy accept the evidences of organte unprovement after
to certun associated phy siologic disturbances such

ehlitation * of the patient and on the other hand
t after

surgery but object

as “symptomatic d
accept evidences of physiologic or symptomatic unprosemen
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endmg the medutor or the effector cell Much confusion has resulted
from the mdiscnmnate mclusion under the term sympatholy ic of 2t
agents which i any wav reduce the activity of the sympathebic nerv
ous systerm Such 3 groupng would of necesaity include the barbtu
sates loeat and general apesthetics certan antimalanals tetraethsi
ammonitm  Dibepamine and mamy other agents which obviously
have hittle i common

Prelimmnary eforts to employ adrenergic blocking sgents w hyper
tension fall 1mto two diagnostic and therap In the
former outstanding success has been achieved m the differentiation
of hyp due to pheoch toma from other tvpes of hyper
tension The benzodsoxanes were first employed for this purpose (1)

because certam members of the series (partieularly 833F [Benzadioxan}
and 1164F) block the resp to airculsting epmephnse mueh more
readily than those to sympathetic nerve actnity (2) In contrast to

their depressor effect 1 cases of pheochromocytoma these agents in

Yuee an nerease 1 \he Piovd pressure sometimes alanming in pabents
with essential hypertension (1 3) probably as a result of hypo-
thalamic stunulation (2) The duration of the blockade which they
produce 15 much too short to allow them to be used for preoperatne

therapy and unpl side effects are not uncommen
Although Dib and 1ts cong black ¥
1o both ! h and th

nerve achivity (2 4

g P P
5) therr effective use 1n differenhiating pheochromocs toma from other

causes of hypert

‘ ension {6 %, B) denves from the fact that the ye-
sponses 1o dating pt are mhubited more readdy and b;
lasier doses of the blocking agent In addition svmmathn ad w ¥ £ Y
te '
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of patients with this type of tumor The x;suns recorded have been
excellent Injections at sbout 72 hour mtervals provde complete
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est
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. by MARK NICKERSON

Sympathetic Blockade m the Therapy
of Iypeitension

In 1ng absence of clear cut evidence regurding the extent and man
ser w which the sympatho adrenal system 15 mvolsed ia the dev elop
ment nnd masuterance of most cases of human hy pertension, there i
Isttle theoretieal basis for the treatment of this condstion by svm
pathetic Liochade Mowever continued reports of parhal slthough
highly samable, rehef obtamed from surgical sympathectomy hays
hept alive the hope that chemcal adrenergie blochade might provide
supdar henefits

In the teeatment of neurogeme factors i hy pertension the desiwed
action 15 the penpheral snhbition of excitators, vasoconmstrictor ve
sponses 1o sympatho adrenal activity Blockade of the miubnory of
fects of the sympatho adrennt system and of the activsty of other
drvisions of the nervous ststem 15 not only unuecessary but alo fre
quently undesirable Chemical blocktde may oceur at many ponts
along the reflex ares controfhng sympatho adrepal activity However,
i order to aclucse & desirable degree of specifiesty, st 15 necessary lo
produce the blockade at the efferent neuro effector juncions Block
ade within the central nervous system alters many vital regulatory
ceflexes, respuatory achvity and particufarfy ragal actity even
when constiousness 1s not wapared Blochade by most agents acting
on the ganghia wdsser bs eaterrupts all efferent m
pulees passug over both the sympathetic and parassmpathetic path

ways
Agents which bloch the sesponses of the effectar cells to svmpatho

adrenal stunub may be appropnately termed adrenergic blocking
agents because 1t 15 only at this powt that adrenesgic mediators are
miolved m the transmission of the nerve mpulse This term s pret
crable to the frequently employed term ‘sympathofytie  for 1
now clear that such blochade does not mvolve lysts of the nerve
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ending the medator or the effector cell Much confusion has rcsu}te;l‘
trom the wmdiseninunate nclusion under the term sympatholy tic of &l
agents whick 1n any way reduce the activity of the sympathetic nerv
ous system Such a groupng would of mecessity clude the barbatu
rates local and general anesthebies ceriam antimalanals, tetraethyl
ammonm  Dibepamune and mmany other agents which obviously
have little i common
Prelmmary efforts to employ adrenergic blocking agents 1 hvper
tension fall 1nto two categories diagnostic and therapeutic In the
former outstanding success has been achiesed m the differentiation
of hypertension due to pheock tama {rom other tvpes of hyper
tension The benzod were first employed for this purpose (1)
Dbecause certan members of the series (particularly 933F [Benzodioxan)
and 1164F) block the responses to arculabing epnephrine much more
readily than those to sympathetic nerve acumty (2) In contrast to
thew depressor effect 1n cases of pheachromocytoma these agents in
duce an mcrease 1n the blood pressure sometimes alarmmg 1n patients
with essential hypertension (1 3) probably as a result of hypo
thalamc (2) The duration of the blockade which they
produce 1s much too short to allow them to be used for preoperaine
therapy and side effects are not uncommon
Dit and 1ts block
to both circulating epinephrine and sympathetic nerve acinty (2 4
5) therr efiective use 1n differentiating pheochromocy tama from other
causes of hypertension (8 7 8) denves from the fact that the re
slllonses to circulating epinephnine are mbibited more readily und by
‘00‘::;:!0595 {:f;]he l;‘lockmgs agent In addition sympatho adrepal fac
tension vDr\obe::mx)ml;e ;;m“\e: gmicanee to most ofher types of hyper
b a3 been employed both 1 the diagnoss of pheo
torua and for relativel longed p
:i:;‘e‘:‘z"l‘“m this type of tumar The results recorded have been
DJ:CE‘I‘!:[“; nn:r ::out K3 hou;) mtervals provide complete
mine sdmimstration the Ro{h Kale hx‘sltr::li:: etssin)osd o ena
negative although 1t 1s strongly posttive m thes sonssently
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Beeause of the multrp)
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On theorebenl grounds, an agent such as Dibenamme yhich pro
duces a lughly speofie and effective blockade of penipheral svmpa
thehic vasaconstriction (2 4, 5) would be expected to be an ide]
dignostic agent for predicting the blood pressure response to subse
quent sympubeetomy Indeed, single mjections of this agent ke
been reported to produce « sigmficant depressor response lasting from
24 to 72 hours 1 patrents with crly or moderately adsanced bemgn
hy pertension, but not 1 those with more advanced orgame changes
m the esrdiorascular svstem (10} Hov ever this obsers thon has not
been confirmed and much more study will be required before  clear
evaluation of the prosympathectomy prognostse value of members of
the Dibentmine series 15 possible The results obtuned with Pricohne
Regitme, the ergot alkalords, tetracthyl the barbiturates,
and spmal anesthesia would scem to have even Jess dragnostic speet
ficsts because unportant effeets i addition to sympathe adrenal block-
adce are msohed

In prictsee, none of the many pharmacologien] tests proposed for the
scleetion of patients for sympathectoms has proved to be a rehable
mdex of the response to that operation In some reported serses 1t
would appear even that the persons with the greatest apparent ¢ neuro
gene  component m their hypertension responded the least fasorably
to sympathectomy (11) Because of thys poor correlation between the
results of pharmacological tests and of subsequent sympathectomy a
magority of surgeons working m this field are now placing their reh
ance almost entirely on chmcal eritersa of operability

The faure of any of the propased chemical tests accurately to
measure the contrbution of the svmpatho adrenaf svstem to a gnen
case of essentyal hyperten 1om 15 probably related to the multsphoty
of the factors myolved 1 the mamtenance of the blood pressure The
paravertebral sympatho adrenal svstem 1< clearly not essenta) to the
mantenance of 4 normal (12 13 14, 15) or cven an devited (14 15
16 17 18, 10) systemic artersal pressure m animals or men The factors
myvolved m the regulation of the blaod pressure (largely a matter of
adyusting the peripheral resistance) 1a normal or hy pertensive Iabora
tory ammals and m men after the complete removal of the praraverte
bral <3 mpathetie nersous systen hvve not been clearly defined How
sver, aberrant sympathebie fibers which have their gangha o the
sentral pomary ramt of spmal nerves and do not enter the pars
sertebral chatns may ply 2 significant role These have been demon
strated functionally and ana 1y mn men (15 20 21) eats (13)
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and dogs (22 29) aithough some workers rousider them to be of
Limited funchional sgmficante in dogs {18)

Toweser additional factors oust be mvolved becsuse the blood
pressure may still be mamtamed at mn:x\n\ ot elesated levels al}er
procedures which would be expected Yo te \he 3
effects of all sympathetic pathways These nclude antenor rhizotomy
(93) or complete spinal cord destruction (25 26 27 28) in anmals
and blochade with large doses of Dibenamne 1 laboratory ammals
(4 29 30) and men (31)

It the absence of all sympathetic control of the penpheral vascular
system one or more poarly understood factors must come mto plas to
mawmntaw the systemic pressure In cases of renal hvpertension nephro
gente factors are undoubtedly mvolved and 1t 15 quite powible that
these may also be activated by the itial hypotension and the hemo
dynamic changes wodental to the loss of sympatheic contral of the
renal eentation The participation of humoral pressor factors from
other areas hos been suggested (32 83 33} butis less well established

Local vascular tone 13 probably = major factor 1n the maintenance of
2 redatively normal penpheral resistance after the loss of sympathetic
control Tomus m the absence of nervous sumulation 1s one of the
fundamental properties of most smooth muscle and marked musculans
hypertropby has been noted w small vessels after prolonged denerva
tion {35) The blood Row through the hand 15 very high immediately
after denervation but returns to essentially normal Jevels withm ope
weeh (36) long belore regeneration conld account for the change
The vessels of completely denervated limbs have afso been noted to
regulate the blood flow 1n response to cold and 1ntants apphed local
ly although reflex vaseular changes are completely absent (37 88
Perhaps the most direct evidence for the dev elopment of autouomoz‘

tone 1n denervated vessels s derised from observations on the ar

teroles and small arterio venous shunts 1 tra
nsparent chambers
(ht: ralbb)l ;.u; (39) These vessels have been noted to relax a{te: d?
nersation but 1o regain a logh degree of
although the rhothme i : K" ::x tl?:‘z‘\te (““’m et ater
ated vessels are still absent
Ve still know very little regardun,
;ascu{’ar t:ne tag by %ucallyg lhz E'df " “D‘w?"rh m:erent
14ps by the actinity of dorsal root, 4 asoduta e per
tor Hbi

t:u; ‘: ascular homeostasis m vangus argans and m?}?e (I?:g s —

e depressor response to svmpathectomv or v sympay

of mner
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ing agents may depend more upon the rapidity and the magnitude of
compensatory changes than upon the extent to which the sympatho
adrenal system was mvolved m the mamtenance of the mihal pres
surc It would be difficult to attnbute the hypertension of advanced
sentle asteriosclerosis to eseessive achvity of the sympatho adrenal
system Yet patrents with this condition frequently respond to sptnal
anesthesia with a precipitous fall in pressure Here the esplanation for
the extent of the response must lie i the mability of the ngid vessels
to compensite for the Joss of vasoconstrietor tone It 1s of interest that
these same patients tend to be hyvperresponsise to depressor agents
which act through 2 vanety of mechanisms

Although the reqmsite chimeal studies have not yet been carmed
out, profonged blochade of sympatho adrenal actisity mght provide
a more rehable indseation of the results of subsequent sympathectomy
than does short term admumistration Prolonged blochade would allos
compensatory mechamsms, with the evception of the activity of extrn
parasertebral sympathetic fibers to operate in much the sime way
as after the surgieal procedure

Tigure 1 dlustrates a possible sequence of adjustments during the
development of neurogeme hypertension and its subsequent  eure
by sympathectomy or sympathetic blockade Column A represents the
normal condition, B the situation after the development of hyperten
sion, and C D and E stages m the postblochade or postsyvmpathee
tomy adjustment Stabihzation may occur under the conditions de
pcted n esther D or E Few quantitatsve datn are svailable regarding
most of the factors dlustrated However 1t i1s clear that some such
over all adyjustment does occur

Nane of the specific adrenergic blocking agents inhibits »aseulr
responses to angiotonin (2 41) and the mechamsm by which aaren
ergie blockade or sy mpathectomy brings about even a parta} redue
tion of the blood pressure m renal or human essential hvpestension
hne not been elearly established However wt has been definitelt
Jemonstrated that vasomator refleses are fully active 1n the presence
of nephrogeme hypertension m ammals (19 42 43 44 45) and men
(46) and n human essentsal hypertension (40 47 48) Consequenth
1t may be assumed that all or 2 major part of the obsersed decresse in
$ressure 13 due to the elimination of relatrvely normal sympatho
adrenal factors Observations indicating augmented pressor resporises
ta reflex actsvation of the sympatho adrenal system cannot be loosely
wnterpreted as mdicating hyperactty of the sy mpatho adrenal svs
tum In accordance with Pasewlle s Ivw, a grven amount of neurogenic
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Yicore 1 A disgrammatic representation of the posaible
contributions of varous factors to the mamtenance of

the systeme artenal pressure during neurog
tension and 1ts sub cure by symp:
adrenergic blockade A normal B neurogenic hyperten
sion C to B sequentin} stages w the recovery of the
blood pressure after sympathectomy The pressure may
stabilze st either Dor B (Reproduced by permission of
the copynght owner from Nickerson
Am J Med 8 34t 1040)

eme hyper
th o
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vasoconstriction masy produce a greater ncrease in the peripheral re
sistance when exerted upon vessels which are already of a smaller
caliber than normal

Ifa fi element of

renal v miction 13 m
volved i human essential hypertension a second factor mn the hypo

tensive effect of adrenergic blochade may be the increase m the renal
blood flow which could be induced Both high spmal anesthesia and
mflammatory processes have been reported to reduce remal vaseular
Tesistance 1n human essential hypertension and expenimental nephro
gemue hypertension i dogs (49 50) but the relationshp of this sltera
tion to the associated fall m the blood pressure 15 far from clear
Sympathectomy fails 1o alter the renal blood fiow or glomerular filtra
tion n many cases of essential hypertension (51)

Tossible interrelationships among vanous factors supporting the
blood pressure 1n renal and pethaps essential hypertension are dia
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Fiaums 2 A dingrammatic representation of the possible contribu
tions of vanous factors to the maintenance of the systemie artersal
pressure durmg renal (and perhaps essential) hypertension 1t
normal B renal (and perhaps essential) hypertension C imme
diately after extensne sympathectomy or eflecine adrenergic
blockade D n case of essential hypertension m wiuch the pressure
continued to drop for some time after treatment presumably be
cause neurogunie alteration of the renal blood flon was a sigaificant
factor m the ongmnal hypertension E a common end result of
sympathectomy which may or may not be preceded by an mittal
{all i pressure such as that depicted in € {Reproduced by per
nussion of the copynight owner from Nicherson
Am J Med B 847 1020)

grammed 1 Digure 2 However the highly variable response of renal
and essentral hypertension to sympathectomy or sympathebie bloch
ade mahes 1t impossible to present any drigram which adequateh
covers all cases Column A represcnts the normal and B the hvperten
sive condition, C depicts a case m which sympathetically medated
renaf vascular fone 15 assumed to be a sigmficant factor in mamntaming
the clevated pressure and D sllustrates possible changes m the few
cases of human essenti2l hypertension m which a gradual fall in pres

sure 15 noted for some time after sympathectomy perbaps also on the
bass of changes m the renal blood flon Column E reprisents a com

mon result of sympathectomy or adrenergic blochade mn renal and
essential hypertension this result mmy or may not be preceded by

«pme enrls fall m pressure asm C
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The apphication of adrenergic bloching agents to the gmcbc'.\l r‘n:}l’\
agement of hypertension has been very lmuted largels because ol the
present lack of any really effective oral preparation THowever, some
prémunary cbservahions {bis field deserve comment.

The p 1 ad 1on of Dihyd rune and other hy
drogenated ergot alhalowds may produce a sigmficant reduction m the
recumbent bood pressure of patients with escential hvpertension and

hostatie hyp 15 usually 2 p t result of ther 2d
mmstration {32 53 5% 55) However the yesponee of different
patients vanes widely and as yet vnpredsctably The hnown pharma
cology of the hydrogenated ergot alkaloids mdicates that the observed
fall 1n the blood pressure 13 due to two major factors—tentral shmu
lauon of the vagal nucler with a resultant decrease in the heart rate

and central depression of the postural cardiovaseular refleses Beeause
of the Tatter action the p

orthostatic hvpot observed
after the admimstration of these agents cannot be considered evidence
of the prodt of an ad blockade 3¢ of a so-called svm

patholytic action The reduction 1 the Blood pressure by the hidro-
genated ergot alhaloids does not paraltel the suppression of vasomotor
refieves (eg digital vasoconstnction in respon e to bodv cooling)
{u3) and an increase mn the dose usually causes an increase rather
than a further decrease 1n pressure Single mjections of these agents
usually reduce the heart rate and Blood pressure the blood flow 1w
the way be unaltered or d while the cardac out
put ts unchanged ot decreased (53 54 56 57 58) The effective renal
blood flow 15 considerably redured and the glomerular fltration mav
aho be depressed {59)

15 1nteresting to note that the pulse pressure 1s markedls decreaced
dunng the hypoten 1on indaced by the dihwdra ¢ anf atlaln 3

s

Luiar auatation Lhe ergot allalords
aze less than 10 pex cent as potent when admimstered oralls as when
m;cc!:d :udb the Te ponse 18 even more vamahle (52 57 60) Toler
ance to the blood pres ure lowenng effect of D
A g of Dikgdroergocormine de.
Although the dhndro sropt alk\,
aloid
ey s 8! are the most potent (1e

e blocking ageuts known at the
resent
he emetie center i & : e e

oses smalfer than those yequired
ckade in man (2) Even with th .

: ¢ very small doses u.

v adtmimstered to human bemgs (0.5 mg or less) nausea ang v;rl::
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Frovne 3 Changes n the blood pressure and heart rate following the nira

venous mjection of 84 mg of Dby droergocormme {DHO) 1n a patent w

mahgnant hypertension (52) (Reproduced by perms sion of the copynighe
owner from Bluntschh and Goetz South African M J 21 396 1047}

g are frequentls absersed (32 &%, 56) As a result 1t has never been
possible to ad an ¢ adequate to block effectively the
peripheril responses to sympathetic nerve achvity m mar Un
fortunately, hypertensives appear to be even more sensitive than
normatenstse persons to the emctic action of the ergot alkaloids (52
54) The respiration may be depressed by even very small doses (5%)
Prscoline has been tested m a few cases of human hy pertenswan, but
the results have been disappamung (81, 63) Although this agent 1s
capable of producing sigmificant adrenergic blockade snd considerable
direct peripheral vasodilatation m doses tolerited by human beinys
ittle reduction 1n the blood pressure occurs m most eses The fmlure
to abtam a depressor response 15 probably due to the fact that Prisco
Jmne ss o strong direct cardiac shimulant, and the sseresse m the cardise
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output balances or even overshadows the sasodilatation Even a mas
aive dose of Priscoline tahen with smeidal intent caused no lowernng
of the blood pressure (63) Indeed this agent (64) as well as the
henzodiozanes (3) may actually cause an alarming merease in the
blood pressure Regitine (7587) has pharmacological properties quali
tatnely the same as those of Priscoline and a yecent report of a
grester depressor response to the former (65) 13 dufficult to esvaluate
a3 the doses emploved produced = very himited blockade of pressor
yeflexes

Dibenammne has been employed with encouraging results i the
ireatment of rapdly p e mal yP m which
other therapeutic measures had faed to give rehief (66) In most
mdmduals m the seres reported the blood pressure was lowered
signficantly but 1t usually remained considerably above the normal
range The rehel of sequelae such as oliguna and hypertensie en
cephalopathy and retmopathy was marhed n almost all cases and
appeared to be greater than could be accounted for simply on the
basis of the decrensed blood pressure Whether the release of sympa

Fioere 4 Changes wm the Blood
pressure and pulse rate after the 3
slow mtravenous mfusion of 950 549
mg of Dibenamme 1 o patient , 130
with severe hypertenson (67 ©'9
coutesy of Dr F Suneone) M)

BLROD
(This figure 13 reproduced g s
reproduyg by &
permission of the copyright oy 3 * ~
er from Bridges and Whate 2“( I ) ruae
O North Amenca 811119 79
1947) sol A S,

S AnnaTion
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thetically mediated local vasospasm s mvolied 1 ths therapeutn.
response can be only a matter of conjecture at the present time
Dibenamine may sigmficantly reduce the pressure 1 some cases of
berugn essential hypertension (Fig 4) (10, 67) However, consistent
reductions are not obtamed, and no adequate basis by vet been pro-
posed for predicting the response m a grien case

As discussed earlier m this symposium, the role of the sympatho
adrenal system m human es.entiaf hy pertension may be predominant
Iy one of imtiating repented bouts of mercased pressure which wnduce
hemody namse or metabolic chang pable of sustammg a largely
non-neurogenie hypertension On the basis of this concept it mght
be assumed that the most effective employment of adrenergic blockade
would be as a proph; lactic measure or 1s a buffer to temporars nses
the blood pressure i the vers early stages of clmical I pertension or
m persons with hy puretine vasomotor refleves whose blood pressure
35 usually 56l withm normal Iimits Obviously none of the agents cur
rently available for climeal use possesses the requisite effecti eness
prolonged action, and activits after oral admimstration for the studses
required to establish this pomt However members of the beta
haloalhylamine (Dibenamne) series of blocking agents meet the first
two of these requirements, and 1t 15 quite probable that rmore com
plete enteric absorption of certam more pofent congeners of Dibens
mine will allow them also to satisfy the third Studies mmvolving the
prolonged admimstration of such agents to patients with vers earlt
hy pertension will be awaited with nterest

In established hspertension prolonged syrapatho adrenal blockade
with an effective adrenergic blocking agent may be expected to pro
duce results much the same as those of surgteal sympathectoms A
‘chenuenl sympathectomy® would be espable of mhibiting the effects
of all sy mpathetic v rictor fibers, mcluding those whiek do not
pass through the paravertebral gangha—a result not feastble surgieal
Iy In addition 1 would hase the advintages of rev ersthihty ease of
admimstration and dav to dayv control of the estent of the svmpa
thectomy * 1e, the completeness of the bleckade

Summary
Adrenergic bloching agents have recerved only hmted tnal i human
hypettension Although at least the more specific ageats, such as
Dibenamme mght be expected to be ideal agents for preoperative
tests to predict the depressor effects of surgical sympathectomy  the
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multiphienty of the factoss imolved n the maintenance of the sis
temuc blood pressure has made 1t impossibie for pharmacologieal tests
to define with an preeision the magnitude of the ssmpatho sdrena
feurogemic component 10 a grien tase The extent of the fall wm the
blood pressure m 2 given ¢asc may be determined as much by the
extent and rapidity of compensation for the ahsence of sympathe
adrenal actwity as by the magnitude of the svmpatho adrenal com
ponent Cases of pheochromocytoma represent a special problem m
which sympatho adrenal factors are so predominant that adrenergic
blackade provides an excellent method of diagnosis and of preopera
tive mamtenance therapy
None of the presently avadable adrenergic bloching agents 1s phar
macologicalls surtable for the mamtenince therapy of patients with
hypertension However current pharmacological investigations sug
gest that {ully effectsse oral preparations may scon be avadable Suck
preparations may be anticipated 1o produce essentially the same
therapeutic effect as surgical sympathectomn In addition the tesulty
of proloneed prophylactic admmistration of such preparations lo

patients w the very early stages of hspertension will be of great
theoretieal and practical importance



420 A 8y mposium on Hypertenson

thetcally mediated local vasospasm 1> mvolved m this therapeutic
response can be only a matter of conjecture at the present hime
Dibenamine may significantly reduce the pressure 1 some cases of
benign essentwsl hypertension (Fig 4) (10, 67) However, consistent
reduchions are not obtaiped, and no adequate basts has vet been pro-
posed for predicting the response i a gtven case

As discussed earlier m this symposium, the role of the sympatho
adrenaf system m human essential hy pertension may be predominant
Iy one of imbiating repeated bouts of increpsed pressure which toduce
hemodynamie or metabolic changes capable of sustamng a Jasgely
non neyrogenic hypertension On the basis of tins concept 1t might
be assumed that the most effectrv e emplos ment of adrenergic blockade
would be as a prophvlactic measure or as a buffer to temporary r1ses
the blood pressure mn the very early stages of chintcal hypertension or
m persons with hyperactive vasomotor reflexes whose blood pressure
ts usually still within normal hmits Obviously none of the agents cur
rently avulable for clinieal use possesses the requisite effectieness
prolonged action, and activity after orel admsmstration for the studies
requured to establish this pomt However, members of the beta
haloalkvlamine (Dibenamine) series of bloching agents meet the first
two of these requirements, and it 1s quute probable that more com
plete enteric absorption of certain more potent congeners of Dibens
nune will Wow them also to satisfv the third Studies mvolving the
prolonged admmistration of such agents to patients with very early
hypertension will be awnted with mterest

In established hypertension prolonged »ympatho adrenal blochade
with an effective adrenergic blocking agent may be expected to pro
duce results much the same as those of surgical sympathectomy A
‘chermucal sympatheetomy  would be capable of nhibiung the effects
of all sympathetic vasoconstrictor fibers mcludmg those which do not
pass through the paravertebral gangha-—a result not feasible surgeal
Iy In addition 1t would have the advantages of reversibiity ease of
admimstration and day to day control of the extent of the ‘sympa
thectomy,” 1 e, the completeness of the blockade

Summary
Adrenergic blocking agents have recerved only limited tral in human
hypertension Although at least the more specfic agents, such as
Dibenamine, mght be expected to be weal agents for preoperative
tests to predict the depressor effects of surgical sympathectomy the
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cectamy $0 85 favorably to modifv the hepatic and the renal blood
flow ase important phy siological effects

The fact remmns that regardless of whether or not the blood pres
sure levels are lowered after sympathectomy our figures indiente that
mortality rates have been slgmﬁc:mt\y reduced 1 both groups 2l
though the patients with the most marked lonenng of the blood pres
sure have done the best Nevertheless tbose who show no sigmificant
change 1 the blood pressure levels still live longer than non-operated
control patients and mav have their cardiovascular disease Teversed

pR ARTHUR GRottatAn  Despite the desirability of lowerng the ab
normal elevation 1n the blood pressure seen in bypertension 1t 15 now
generally recoguized that thr alone sssuming that 3t could be done
would not te an adequate or tory therapy for the dis
order The normal level to which the pressure of the hypertensine
patient sometrmes deelines following & coromary occlusion or cerebro
vascufar aceident certainly does not constitute a sabisfactory thera
peutrc respon @ This fact accounts for the general failure of depressor
Arugs to be of value in the trestment of hypertenston Except msofar
s they may exert madentally a sedatise effect these drugs when
used 1o doses sufficiently lorge actually to lower the blood pressure

apprectably, usually worsen the condion of the patient and wmay
even mnduce alarming semptoms

The avalable evidence suffices to permit one to conclude that hyper
tension a5 1t 13 obsered climcally or experimentally 15 not a result of
abnormalities of the autonomic nerous system Hence as Dr Smith
% b b diendly empnasized sympathectoms cannot be considered
a fundamental solution of the th 1e problem of hyp
At best 1t 3 only & methad of profecting the patient eganst the

Tavages due to an unnhibited and exce:
sstve rise 1n the blood
with 1ts detromental consequences prese

h’fite b::. of syx;pa(halyhc driigs 15 open to the same objections ag
- Taed agamns® o*her depressor drugs or sympathectomy
e :“syx:;‘patho\wc drog reduces the patrent to the status gb-
s ‘;g e days nmmedately foliowsng sympathectomy The
oo h)“ocw sy;]mhpatheuc chamn bas the advantage over drug therapy
extent oo ““a;m{l:o&ﬁ:iat:rg ;’ufmges which overcome to same
o oilaw operation Drug t]
“sb:i: ::;a:‘\ﬂageb:i‘bzmg reversihle by cessation of the thegra;l:r?zx::{
ich e y ooked upon as & temporary measure for ;Jse 1
geucies as n the acute crises of hypertensine enccphalopath:
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DR REGINALD H sMITHWICK At the nsh of tallmng too much, I
should like to make one or two very brief comments particularly
with regard to the selection of patients for surgical treatment

That has been a very difficult problem Naturally, m the beginning
we had no conception which patients might be benefited and which
mght not The problem has always ansen as to what 1s the best yard
stick for measuring the value of a form of therapy Should the yard
stick be changes 1n the blood pressure levels? Should 1t be sympto
matic improvement? Should it be the reversal of cardiovascular dis
ease? Should 1t be an 1ncreased life expectancy ?

The last 1s the only real measure we can use today which 1s strictly
accurate The difficulty of measuring the blood pressure levels, which
you are all anare of, and the impossibility, from any prelimunary tests
of a pharmacological nature such as have been described today, of
drawing conclusions concerning what will happen to the blood pressure,
have made 1t unsatisfactory to select patients on that basis

So we have had to rely on mortality rates and our feeling 1s that
at the present time that 1s really the only sound basis for selection If
you can demonstrate conclusively that patients m certamn categones
have their Lfe expectancy prolonged to a statistically sigmficant de
gree, that seems to me the most accurate method of selecting patients
for splanchnicectomy at the present time

It 1s of nterest that the physiological changes whichk Dr Vidhms
has shown to occur following splanchnicectomy as well as some of
those that have been shown by others 1n other areas such as the renal
area, may be very mmportant It 1s not necessarly the effect on the
blood pressure levels alone that 1s important

It may be that these intermittent vanations i pressure which cin
be very strihing and which can be sigmficantly modified by splanch

422



Questions and Discusston 435

“Fhe mam thesis we were trying to develop im the paper that X read
was to emphasize the pont that Dr Nickercon just made——namely
that artenal hypertension itself may do harm T\e do not believe that
ttisalwaysa good responsetoa bad disease the sense that it
compensates for a fundamental fault and allows normal profusion to
take place through diseased vessels We believe 1t mav be a bad
response establishing a victous circle that may aggravate the underly
g disease

Tt appears that the fear we all once had that ischema partenlarly
of the kidneys would result if the blood pressure of & hypertensise
patient were lowered by any means is an unnecessary fear The
tadney appears to have remarhable abilite through wtnnsic or other
adjustments to return to the same level of blood flow at lower bloed
pressures {withim fimts) a5 1t had at ngher levels Now os we extend
these observations 1 the hidnes ({which T believe hnie been well

ubstantiated not only 1 our own but 1n many other laboratories) o

the Iiver to the brain and to the penipheral areas 1t laoks as if the
whole body were able to adjust itself to sigmificantly lower levels of
the blood pressure without tissue ischemi1 even though marhed hy
pertension has existed previously

This was the first hurdle to get aver n our therapentic approach
There are of course mans other critena for judging whether z thern
peutie procedure s worth while The papers this morning have stressed
D:lc point :amelv that we can continue to try to lower the blood
r[’me:;ss\::‘;l\l cf\‘:::l::swe patients on the assumption that we shall not

vere 1schemin of the tissues 1f we succeed
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On the basis of our present knowledge it must be concluded that
current methods of therapy are at best only symplomatic, snd at
W otst, an some cases at least, actually harmful and srational In view
of the difficulty of evaluating therapeutic measures 1 ths disorder
m the human bemng, one must msist that any advocated procedure be
proved effective not only 1n consistenths lowenng the blood pressure
but alvo m prolonging the hfe and amehoratg the chmeal state of
the evpenmental hy pertensive ammal Only by the use of such objee
tive experimental methods 1s 1t possible to avoid deluding ourselves
by obscrvations based on the subjective responses or the spontaneous
and unpredictable fluctuations encountered n the human patient

vr vickemson I should bhe to sty a few words here about the
adjustments which occur m the human body as well as i the ammal
after the admmustration of drugs which bloch responses to the svmpa
thetic nervous <\ stem

Our ebsers ation has been that adjustments aceur i almost exacth
the same manmner as they do after surgreal sympatheetomy In a rum
ber of patients m the age group of from 40 to 50 vears not hvperten
sne but probably with some ngdaty of the vascular tree we found
that extensise blochade of the ssmpathctics by Dibenamine produced
an orthostatic hypotension which prevented the patint from atting
ap for perods of from 24 to 36 hours However withm 3 duvs the
pitients were agam able to stand and at the end of a weeh the ad
justment was to o very large extent complete aithough repested W
mutustrations muntuned the blockade as complete s 1t was m the
beginnung

Another case which we studied very recently was that of 2 Iitle
2l 9 sours of age with ersthromelnlgin who was apparuntly ctpable
of very norml curdiovascular adjustments A Ingh degree of ortho
static hypotension was produced by the Dibenamine injection How
ever within an hour she could stand and withm from 3 to & hours she
was running sround the ward phying with the other children I be
heve that the difference between drug blockade wnd sx mpathectomt
15 only one of degree and that the non neurogume vascular adjustments
which T mentioned earher this mormmng ¢in occur to the extent that
the smbject my carry on hus usual activibies the presence of 2
complete chemeal blochade of the sympathetic system

bR wiLgins Smee Dr Nicherson and very propetdy has been se
corded two rebuttals T thint I will take the privilige of one esen

though the time 1s short
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by REGINALD H SAITHWICK

The Effect of Sympathectomy upon the
Mottality and Survs al Rates of Patients with
Hypetensne Carchovascular Disease

‘T comphications of hypertensive cardios ascular thsease mvolving
\he cardiac cercbral and renal ateas are responsible for many deaths
2od for much premature dsabihty among young and muddle aged
people Together these complications are generally thought to cause
more deaths each year than cancer 1413 clear that an atteropt to lower
the mortality rate far hypertensive cardiovascular dicease 15 desirable

In exaluatmg a therapeutic measure for this disorder consideration
must therefore be given to its effect upon mortahty and survival rates
This 15 true whether one s d g dietary ph logie or surg
cat therapy Much has been written 1 recent years about the effect
of various forms of treatment upon the blood pressure and symptoms
Less attention bas been given to the effect of therapv upon the rate
of progress of cardiovascular disease and few facts have been recorded
concerning the effect of these various forms of treatment upon mor
tabity rates In evaluating therapy one shouwld also have m mind the
faet that the chwuse of hypertension and hypertensive cardiovaseular
disease 15 unknown Consequently all exwsting forms of theripy must
be regarded as more or less empineal 1n natuse

To demonstrate that a particular therapeutic measure infiuences

prognosis sigmficantlv requures that 8 large number of cases be followed
for & long peniod of time Tt 15 also n

ecessary that data on comparable
cases treated othermise or d be {

fable for To
spite of the fact that over 14 000 articles dealing with hypertenase

crrdiovascular disease have been published smce 1920 the avwlable
control data are not wholly satisfactory at the present lime

During the past 10 years over 2000 hypertensive patrents have heen
Teferred to me by physeans from varous parts of the world for

420
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not appear to be an adequate explanation for the marhed ‘t‘l:ger:a::i
betw cen the various senes It seems much more likels that " ;‘y
matenal matng up the different semies also vares o great dea the
Afost of the authors referred to 1n Tahle 2 have alco given
mortality rates for fermales and males separately These ﬁgurcls are
men i Teble 3 It will be noted that the mortahts for males 1s

Taste 2 The Mortalty among Hypertcosise Patients Dot Trested Surpeally

ho of Per Cent

Author Cases Years Followed Montslitv
Atbor
Janeway (1915) 244 5-10
Wlckfond Bomers sod Baker (1930) %00 51 5
Reth Wagener and Barker (1939) ns 59 91
Resmussen and Boe (194 ) 100 6 52
Bechgaard (1946) 1033 1 23
Palmer Loofbourow snd

Doermg (1943) 0y & (ayerage) 61
Perera (1948) 50 12 (avemge) w
Tammarstrom and Bechgaard (1950) 335 910 5

Tase 3 The Mortality among Hvpertensne Female and Mlale Patients

Not Treated Surpeally

Author Percentage of Females _ Percentage of Males
Taeway (1018) 6 ]
Blackford Bowers and Baker (1830) 5 g

Kesth Wagener and Barker (1939) 88 9
Rastaussen and Boe (1945}

48 ki
Bechgaard (1948)

22 £))
Plmer Loofourow and Doenng (1918) 52 2
Hammarstrom and Bechgaard (12 0) 8 €

Iigher m every semes the difference being sufficiently great 1 five of
the seven series to indicate the advsability of discussing the prog
nosis for the two sexes separately Tt 1s also apparent from a study
of the material n certamn of the series that the subdivision of patients
nto groups on the basis of the changes m the cardioy aseular system
at the time of the onginal observation 15 also highly desirable

The Prognons jor Hypertenswe Patiente Grouped accordimg to
the Cntena of Retth Wagener and Rarker

Keth Wagener and Barker were the firs
it to re
subdividing hypertensive patients mto e qeed of

prognosis tor a particular

groups mn order to judge the
their patients nto four

Patient with greater necurac:
'y They divided
&roups on the basts of the vascular changes
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study and for consideration of surgical therapy About 75 per cent of
the cases uected to be opurtted upon and 25 per cent did not These
two groups of patients have been followed very carefully for up to
10 years Consequently, sufficient data are now avadable to begn to
evaluate the effect of this particular theripeutic measure upon mor
tality and survinal rates This discussion may be regarded as 2 pre
liminary report upon this matter, to be followed from tume 10 time
by further reports, since the data will become mereasmgly sigmficant
each year

This series of patients 15 of course, a selected one and not repre
scatative of hypertenstve cases as o whole They were referred be
cause they had unusually severe forms of the disorder, berause the
were not domng well upon current therapy, or because the status of the
patients indicated an extremely poor prognosis Data concerning the
total matersal are presented m Table 1 It seems best to summanze

Taste 1 Surgeally and Noa Sucgeally Treated Patients with
Hypertensine Cardiovaseular Disense Followed 3-10 Years

Surmeal Senes  Non Surgmeal Senes Toral

Females 845 210 1087
Males 748 A3 1978
Total 1583 A72 2153

representative reports from the hiterature deshng with the prognosts
for patients not treated surgicalls before conmdenng this materrd

i greater detasl

The Mortality among Hypertensive Patients
Aot Zreated Surgically

From tume to trme since the mtroduction of the sphy gmomanometer
at the turn of the conturs phy sieians have recorded mortahty rates for
groups of hypertensive patunts The first of these reports wis by
Joueway m 1913 (1) Other represeatative papers hue followed
Blackford, Bowers and Bakcr, 1090 (2), Ketth, Wagener, and Brr
her 1939 (3) Resmussen and Bor 1945 (4), Bechgawrd, 1948 (o)
Paler, Loofbourow and Doermyg 1948 (6) DPerera, 1948 (%), and
H trom <nd Bechgaard 1050 (8) The mortality rates whien
these authors have noted for groups of patsents foltowead for varving
pertads of time are grven w Table 2 The mortality rates vary tre
mendously from 17 per cent to 91 pur cent Alhough there 15 also
a considerable varation m the duration of the follow ups thus does
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noted i the eyegrounds and found that the prognosss v aried for each
group The patients in Gronp 1 had mild narrowing or sclerosis of the
retsinal arteries Those m Group 2 had moderate to marked sclerosss
of the rctmal arterses charactenzed espeaially by evaggeration of the
arterial reflex and wrleriovenous compresson Group 3 contamed
patients with angospastic retumtss characterized especialls by edema
votton wool evndate and hemorrhages m the retina, superimposed
upon ° combmition of sclerotie and spastic lesions m the rrtesnes If
measurable edema of the optic dises was added to this prcture the
case was placed s Group 4

Kuth, Wagener, and Barker drided their 219 patients mto four
graups on this bras and cleulated the mortahity rate for each for a
period of observation of from 5 to 9 years They alco published sur
vival curves for each group Thev felt that thew data could serve as
control matensal by which the ments of a4 particular form of treat
ment might be yudged since treatment ted of general

SURVIVAL CURVES FOR SURGICALLY AND NON SURGICALLY
TREATED HYPERTENSIVE PATIENTS GROUPED AGOORDING
TO KEITH WAGENER AND BARKER CRITI

ey
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ed i terms of survival

Fiavne 1 The data presented i Table 4 are here express

curves The survisal rates are higher w all groups i the surgical senea The
differences observed are statistically significant for Groups ¢ 8 and #
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ese cases include those with moderate orgame changes
m(igidicuidx’r:s :epresented by widemng of the artenolar Light reflex
narrowing caliber changes and arteriovenous compression The heart
rarely 18 normal by A ray study 1t1s usually prominent m the regron
of the left ventridle and sometumes more defimtely enlarged but with
out functional \mpairment The ludney 15 normal shght degrees of
albumin and mmmal numbers of formed elements are found 1n the
unnary sediment or there may be shightly impaired function
Grade 3 The fands are rarely normal uswally showing srtenolar
norrowmg caliber changes wide ight reflex and artenos enous com
pression Olten there are exudates and hemorrhages, the heart 15 often
moderately to markedly enlarged commonly with symptoms and
sigas of actual or impending congestive falure or symptoms of anginal
falure The unne frequently shows albuminuna and easts and renal
function 18 often impaired though actual fadure (uremia) 18 not
common cerebral accidents occur 1n 2bont 20 per cent of cases
Grade 4 The cardmnal—indeed the obligat

g —suign 13 edema of
the optic dises with or without exudates and hemorthages and al

ways with marked narrowing of the arterioles Cardiac enlargement
and congestine falure may be present renal impairment and failure
are comron
The mortalty rate for each grade was noticeably different The
mortahty statishics were based upon 316 patients followed for an
average ;y'e:\?d of 4 years and upon 430 patients followed for an aver
- - ~

'
w104 85 stiort a penod as 1 year and others for
as long as 30 years It 1s impossible for another sbeerver to dupheate
the time factor exactly One should therefore have reservations con

cerning the validity of a companson of other data mith thewrs The
mortality rates for

my surgically treated patients for each year of
observation ate given 1 Table 8 It will be noted that 948 cases were
followed for 4 years and 154 cases for 8 years Thus all patients were
observed for exactly the same penod of time w! }

hich av
vears for each group respertively I have used the:e e::sg;s :on:od ;
pare with those of Palmer Loofbourow and Doenng The 4 -
fomparison 15 given i Table 5 and the 8-year comparnson 1n Tnb% Q‘;"
in the latter the patients are subdivided not only into the four gr;l
;:,;‘f: by 15“ It 13 apparent from a study of these data that t\::
on Y rates for surgically treateq patients are much lower for all

vuy
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especilly with regard to diet and rest and the regular use of certam
sedatves I have compared the mortahity and survnal rates of com
parable numbers of consecutively treated surgical prtients with ther
control data The mortahity rates for both thesr cases and mne are
given m Table 4 and the survivdl rates sre compared m Figure 1
Tt 15 apparent that the mortahity rates are lower i all groups treated
surgieally There are too few cases m the Group 1 control senes to
mahe statistical study possible, but the difference for Group ¢, 3, and
4 cases appears to be migmficant This difference 15 clearly mdicated
by the survival eurves It would therefore seem that splanchmeectomy
has lowered the mortahty rate sigmfieantly for Group 2, 8, and 4
patients

This was demonstrated several years ago for Group 4 patients by
the fate Dr Peet, whose pioneering mterest 1 this problem 15 well
Lnown and whose sudden death 1s a great loss to the medical profes
son On reference fo Table 2, 1t will be noted that the mortality among
the Kesth Wagener, and Barker cases 1s the highest of all The reason
for this becomes clear on reference to Table 4 since the vast majorts
of their patients were i Groups 3 and 4 This clearly mdicates the
need of subdiiding hypertensne pitients into more comparible
groups and the mmpossibthty of comparing mortality statistics for
undivided groups of pabients Onpe can safely presume that few cases
1n the series having the lowest mortality rates had Grade 3 or 4 eye~

ground changes

The Prognoss for Hypertenswe Patients Grouped according to
the Critena of Palmer, Loofbourow and Doering
In 1948 Palmer Loofbourow, and Doenng published data beinng
upon the prognosis for hy pertenstve patients upon conventional med:
cal management They divided thew cases mto four grades which
differ shghtly from those of Keith, VWagener and Barker in that the
most important change m any vaseular area determnes the grade
Ther criterna for grading follows
Grade 1 These patients have no changes or have numimal changes
1n the fund: as represented by narrowing of the arterioles, have normal
hearts or no more than prommnence of the feft ventncle by Xy
studs exhibit no impurment of renal function by the tests used and
1n the urine exanunation exther are normalt or occasionally show shght
i ta and shght cb on pical ex tion of the

sedsment
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encountered and at the same time to enter a plea for the presentation
of data 1 & minner which will permit other obsersers to use it to
best adsantage

The Prognosis for Hypertense Patients Grouped according to
the Critenia of Hammarstrom and Bechgaard

Hammarstrom (9) bas published  detuled report on the surgical
trentment of hypentensive eardiovaseular disease and Bechraard bas
discussed the prognosss for patients not treated surgicalls More re-
cently these authors have compared the prognosis for opcrated and
non-apesated patients 1 o combined report They found that they
could not use the series of Bechgard as a control for the operated
cases becau ¢ 50 few of the patients had changes m the eardioy nseular
svstem which were comparable w sevenity to those m the operterd
series Consequently they selected a control <eries for the comparison
Tn order 1o obtain an adequate number of patients they reviewed the
records of over 130 000 patients who had been studied 1n vanous hos
pitals m Denmarh and $w eden and selected 435 ¢ases which comprised
the control group

These authors appreciate the fallacy of compsning undivided groups
ol hypertensive patients and have laid down certwin enitersa for sub
dmding cases mto four groups Croup 1 contains patients with un
compheated hypertensive disease without marked subjectise symp
toms The prognosis for patients of this sort 55 mdseated by the report
of Becbgaard (Table 2) No cases of this sort were operated upon
:::Shnme were selected for the control semks Gronp 2 mncludes those
dma‘“:‘};:‘ sub)eclkx‘\e s}mp;nms but without signs of myocardiml
hrger;g;em O?l}:ml}n ave o left vus deviation and/or a relative en
s arcordme : ;‘enmcle 1if the heart volume 18 withim normal
clusstiod os Grg 0‘ the teleradiography The retinal changes are
Group 3 mdudoupt}, or 2 "'hcc‘;“dm! to heith Nsgener and Barler
tion retinal he:orﬂ:’se v U: ¢ same eyearound changes ot 10 adds
retinal ages with or without signs of thrombous of the
o al vessels Patients m Group 3 further show one or more of the
m:’\";“;i:‘g::d-:zlcgrdmvasculxr damage negative Ty heart volume
450 mi/m? ?n “or:cn n: rx:;]al (200 ml/m’ body surface m men and
than halt T the transverse diameter of the heart greater

he mner thoracie diameter)
residues after
2nd constant alburmmnuna Tn Group 4 they N

melude all hypert
with defimute retinal etudates and for papMary prutrusxonyp:u;:: stl}:'::
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Taste o The VMortalits Rates for 316 Non Surgeally and 938 Surmeally Treated
Iatients with Hvpertenstve Cardroyascular Disease Grouped accordmng to the
Critena of Palmer Loofbourow and Doermng

Non Svrgien} Senes (P L D) Surgreal Serres (Sputhwicl)

(1-30 Years Aversge 4 Years) (At 4 Year Vverage § Years)

No of N\o of Per Cent Na of No of PerCent

Grade Cose Deaths  Mortalty Cuses D aths  Mortalty
1 100 6 1 120 G 5
2 38 10 1w 262 24 s
3 m 40 36 457 86 19
] 47 8B 30 109 44 0
All grades 816 94 30 918 160 37

fastg 6 The Mortahty Rates for 430 Non Surgically and 154 Surmcath Treated
{atents with Hypertensive Cardiovascular Disease Grouped according to Sex and the
Crterm of Palmer Loofbourow and Doerng

Non Svrgical Senes (P L D) Surgreal Senres (Searthwek)
{Average 8 Years) (At 8 Years Average 8 Yeard)
No of No of  lerCent o of No of  Per Cent

Grade Cases Deaths  Vortahty Cases Deaths  Morlabty

1 108 23 o2 25 1 4
Male 88 13 34 12 1 B
Female 66 10 18 13 [} [}

2 50 -] 3 b B 45
Sale 26 15 48 10 2 QB
Female 5t 23 43 2 3 1

kS a2 50 % %4 52 4r
WMale 43 0 83 8% 12 8
Female 9 70 78 41 20 49

4 &% & 94 % bt )
Male 3z 81 87 b [ 40
Female 22 20 91 19 5 47

The unpresston one gathers from this 1s that surgery has significwily
lowered the mortshty rate for most hvpertensne patiepts One must
hatweser, have certam reservations about this eompanson because of
the use of an averige follow up period m the control semes It would
seem preferable to compare mortality rates on a year to year bagis
every case bemg followed for exactly the same period of time Ope
would not for istance, estimate the 5 year mortality rate for a group
of cancer pitients on the basis of an average 5 yeir follow up period
of vases observed for from 1 to 30 vears Smee Palmer, Loofbourow,
i Doexing presented thewr data feeling that 1t offered a satisfactors
control by which the value of a particular form of treatment mght be
mudged it ccems wise to comment upon the difficulty which has been



\on Surgealy Treated
8 The Mortalty Rates for 1593 Surgeally and § ¢
s © P.mntys with Hypertensive Cardiovascular Discase

Surgeal Ser ex __ DonBurpealfenes
e e

No of  Per Cent o of o of  PerCent

Fo'llt::s ed ’Eis:s‘ Peaths  Mortalty Casex Desths  Mortality
9 s 46 52 103 180

; :SM: 10, 74 418 120 28
3 ns3 e 121 501 110 383
4 918 160 189 250 0 408
o 13 218 it 52 430
[ 45 s 264 a8 ] 628
7 263 81 02 10 5 s00
s 154 53 344 - 4 80.0
9 0 28 299 2 [3 1000
16 % 12 128

Tastz 9 The Mortality Rates for 845 Surgically and 242 Non Surgieally Treated
Female Patients with Hypertensive Cardiovascular Disesse

Surgres! Senes Non-Surgreal Senes

Years Noof Noof PerCent No of No of Per Cent
Followed Cases  Deathy  Mortahty Cases Deaths  Mortahty

1 85 28 33 42 28 its

2 0 36 48 172 £ 186

3 a1 48 T4 i1 k4 23

4 516 61 1ns 26 24 %0

3 63 52 143 2 12 286

L] 23] 7 208 15 5 334

ki wm 37 8T 5 1 200

8 93 29 s1g 1 0 00

9 40 13 315 1 1 1000

10 19 8 e

Taniz 10 The Mortalty Rates for 148 Surgically and 330 Non Snrgm!!y Treated
Male Patients with Hypertenave Cardiovascular D:
Surgieal Senes

“on Surgieat Senes,
Years No of No of Per Cent
Followed, Cases,

No of No of Per Cent
D oaths  Morahty Cases  Deaths  Mortality
1 ) 48 82 330
[ 2
2 €80 [ 101 256 8 le
3 551 96 g 180 N 460
4 452 101 284 184 0 520
: ?;i \z 299 7 40 529
883 28 o

7 124 4 255 8 gs ZZ .
ns 61 2 04 3 E] {Dun
EY " 33 1 1 5

10 ® § 687 1000

L .
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found the hfe expectancy to be about the same whether the patients
1 this group had papsfiass protrusion or not Thewr operated and non
operated patients were dinided arcordmg to these ertera and into
the two sexes as well The mortality rates for 2 ¢ to 19 3éar penod of

Taere ¥ The Mortality Rates for 335 Unopernted Hypertensives Folioned 2-10 Years
and for 51 Hypertensives Followrd 2§ Years after Sympathectomy
{Hammarstrom sad Bechgaard 1950)

Unoperated Operated

Mo of No of  Per Cent Ne of No of  Per Cemt

Group Casex Deaths  Vorlalhty Cases Deaths  Mortalty
2 163 w0 83 87 3 38
Male L $ a4 20 4 138
Female 12 21 17e 58 o [
3 Fiad 101 &71 8w ” £68
Male a3 51 687 3. 9 237
Female it 44 468 50 8 180
4 43 82 978 s 3 i
Male 69 13 987 33 18 473
Female R 4 262 41 16 338

observation are given i Table 7 It s apparent m this comparon
s 1 the others which have been made that the mortality rates for
the surgical patients are much lower than for the non-operated cases

The Prog for Hypert Patients Grouped
according to the Criteria of Smithwich
With the preceding discussion as 1 bachground the materitl re
ferced to 1m Table 1 may be considered mn greater detait The mortabity
rates for 1593 surgically and 572 non surgieally treated patients sre
given 1n Table 8 The rates have been calculated by dividing the total
number of deaths which occurred from any cause during each year of
observation by the total number of eases which had been followed for
cach of the 10 years In this first comparison the patients are not
divided accordmg to any critera Xt will be noted that the mortality
rates are considernbly lower o the surgieal senes It also should be
noted that the cases followed for more than 8 years m the surgeal
serses and for more than 5 veurs in the nop surgseal series ase too fes
to be of statistical significance Ench svear however these dats will
b gl fi for longer periods of tume
The mmpartance of subdividing patients nccordmg to sex has al
ready been commented upon The matenal presented 1n Table 815
divided into two groups the mortality rates for fumale pitients bemg

i



Sympathectomy and Surval Rates 41
fuas also been made to take the response to sedation the resting
dustolic blood pressure level and the age of the patient mlo con
sideration as well

The resting diastohie jevel 1 the avesage of the readings 1 the
horizoutal position during the postural and cold bload pressure test
performed after 49 hours of hospitahzation and physical mactinty
most of the ime being speat 1 bed Thus test has been described on
numeraus occasions A sedative test was performed on all cases 8
sodium amytal grains bewng gven at 7 00 8 00 and 9 00 Pw and
the blood pressure level being recorded at hourly intervals from 7 00
»at ta 7 00 ant For patients with resting diastolie levels between
100 ratn and 119 mm  a fall 1 the diastolic level to 90 mm or les
was regarded as satisfactory Ior those with diastohe Jevels between
120 mm and 139 rem & fall to 100 mm. ot less wos classfied ae sl
factory Far patients with resting diastolie fevels of 140 mm or more 2
fall to 110 mm or less was regarded as satisfactory Veith regard to
age approximately 80 per cent of the senes under tonmderalion are
below 50

The numertcal 1alues which are assigned to the sanous factors
which hiate been tahen mto consideration are gven m Table 11 The
fumencal values for each case are totaled and the resulting figure s
called the numerical grade for the particular case Pateats with a
mumencal grade of less than 4 will fa mio Group 1 ar 2 Those with

Tasts 13 A Clasufication of Hypertensive Patients eccording to the
Crtena of Smtbmek
Numencal Grade
Less than 4

Group

Other Pactors
1

:;_mes‘ and females eyegrounds Grade 0 or §
emales ey egrounds Grade ¥ or 4
Lesthand  Males eyegrounds Grade £ 8 o 4
Females eyegrounds Grade 3

4 or mote Restng duastolic level below 140 mm Chas,
ges are
m: = ctnmx @arhac andfor renal aress
@)
b)
) v
4 401 more

.

Restng, wasiont biood pressyre bet

combised with aae ar more of 'E.e :m.if; e
{8) TYA mth marked Tesidus)
®) Frank congestive failure
(e iil’ below 15% w15 fanutes combined

1th & poor response 1o sedatyon
Testing diastobe level of 180 ™ ey ;«m

e Tt bl el o 0 oy



440 A Sy mposwm on Hy pertension

given 1 Table 9 and for male patients in Table 10 It wil be noted
that the mortahty rate for male patients 15 somewhat hugher than for
females, but that for both seves the mortahty rates for the surgieal
cases are considerably Iower than for the non operated patients Tht
15 10 heeping with the data already presented

The subdivision of hypertensive patients mto groups accordimng to
the changes m the cardiovascular system 15 very mmportant as has
already been pointed out The criterta of several authors have been
outlmed I have used 2 shghtly different methad of dividing patients
mto four groups in order to make the patient material 1 each group
as ssmular s possible For thrs purpose a numerical value has been as
signed to each of numerous cardiosascular changes and an attempt

Taste 11 The Numencal Value of Vanous Factors Which Influence Prognoss
Numencal Valoe

Factor

Cerebrovascnlar scerdent without or with minor residual
Abnormal ERG
Enlarged heart. '
Impending farlure
PSP less than 2565 1 15 munutes of less than 60% in 2 hours
Age 50 or over
Mild sngina
Cerebrovascular aceident with resrdual ®
Frank congestive failure moderate angina 2
PSP less than 207 1n 15 miutes
‘Unsatislactory response to sedation
PSP less than 15% in 15 mmutes
Nitrogen retention

*# Cerebral deterioration or hemiparesis

Tasee 12 Two Examples of s Method of Determming the Numencal Grade of &
Hypertensive Patient

Factor Considered Numenical Value
Example 1
Abnormal ERG
Cerebrovascular accident without residual
PSP 20% w 15 minutes
Numerneal grade
Example 2
Abnormal ERG
Enlarged heart
PSP 10% m 15 munutes
Numencal grade

[y

el o
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fy Trested
The Moralty Trates 1ot 18 Tixgehy wd W DonSrgrsily
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Taste 14 The Mortality Rates for “52 Surmeally and 201 NonSurgeally Treated
FPatients with Hypertensive Cardiorascular Dicease Group 1 (Sarthwick Classification}

Surgical Senes Non-Surgical Serre
Years No of No of  Per Cent Mo of No of  Ter Cent
Followed Cases Deaths  Mortaltv Cases Deaths  Morialty
} 752 12 16 261 9 45
2 660 17 26 156 18 83
3 543 20 37 1o 17 42
4 443 19 42 97 13 154
5 30 22 7¢ 55 8 145
[ 191 23 120 16 4 A0
7 127 16 126 4 o 00
8 69 13 188
9 80 7 224
10 13 3 200

Tastr 15 The Mortabty Rates for 890 S lly and 113 Non-Surgeally Treated
Patients sith Hypertenaive Cardiovascular Disease Group 2 {Southwick Clasaification)

Surmeal Senes \on Surgical Senes
Years No of No of Per Cent No of No of  PerCent
Followed Cases Deaths  Mortality Cases Deaths  Mortality
1 390 13 33 n4 n 96
2 352 18 21 9l 17 1187
3 263 ES) 185 35 20 364
4 212 38 180 36 18 445
5 165 36 218 16 7 438
11 92 g2 240 6 3 830
7 (23 18 280 1 1 lpoo
8 84 15 410 1 1 1000
9 13 4 sSlo
10 7 5 710

Taste 16 The Mortalty Rates for 308 Surgeally and 140 Non Surgically Treated
Patients with Hypertensise Cardiosascular Disease Group 3 (Smthwick Classification)

Suargieal Senes Non-Surgical Series

Years No of No of Per Cent No of No of  PerCent
Followed Chses Deaths  Mortahts Cases Desths  Movlahty

1 303 14 46 140 2 1%

? 250 24 s9 98 33 -

3 236 st 197 67 29 433

4 163 30 "o 47 24 510

5 126 38 262 23 4 600

6 7 19 257 12 2 30

7 35 14 400 s 2 667

8 18 6 834 8 2 667

] 7 4 570 2 2 1000

10
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444 A 8y mpostum on Hy pertension

4 or more than 4 was based upon the finding that the difference be
tween the mortality rates for the two groups was most marked for
this particular numencal grade

Havung detecnimed the numerncal grade of 4 particultr case, one
then procceds to place the patient mto one of four groups according
to the cnterrr outhned m Table 18 My operated and non operated
patients have been divided into four groups on this basis, and the
mortality rates are compared 1 Tables 14-17 A study of these tables
indicates that the mortality rates for the surgical patients are con

HYPERTENSIVE CARDIOVASGULAR DISEASE
SURVIVAL RATES FOR 845 SURGIGALLY AND 242 NON-SURGICALLY
TREATED FEMALE PATIENTS SUBDIVIDED INTO 4 GROUPS ACGORDING

TO THE CRITERIA OF SMITHWICK

100
\c::k_\\' e {
sof X e T~ ogmp? Geoup?
2 A\ T e Group 3
X oo} AN “app 3
Y ~
& 7o AN
=5 ~
N S
il oot
50
&l r’ Grovp 4
i of
=
RN
Iy s SURGICAL
'Y zoL -~ MEDICAL
10 }
i
: : 3 g s
TIME IN YEARS

Foums 3 The data contamed m Fable 18 are here presented m the form of
survival curves for surgieally treated female patients followed up to 5 years
The curves cannot be carnied out to this estent for non surgically treated
patients smce the numbers do not permut 1t It 1s possible to begin to construct
the curves for Groups 1 3, and 4 of the control series These have been drawn
m ot the fiest 8 years of observation The number of patients in Group 2 38
_o small that they have not been mcluded It can safely be presumed honey c;
that the curve for this group will fall between that lor Groups 1 :m;! 3 mxs
will anproimate 3 more closely than 1 A companson of the su}r‘wm cu;\l"e

for the surmeally treated female patients with the curves for { c' sm*i; l’ye
treated male pattents (Fig 4) wdicates that the survaval m!zls for e;n;;ﬂ :\

igher group for group The survinal rate for Group 1 females pr;) :;]‘_y p-

proumates the survival rate for normotensive females very clos
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any other category of patsents These findings are more obvions 'w'mz
expressed m the form of suevwal curses Those for the female patien
are presented 1 Figure 3 and for the smale Figure 4 It 1s not pos
hje to subdinde our coutrol matenal w ths Lashiow because the
number of patients followed for § years or more 13 not large enough
The survieal rates for the first 2 or 3 vears for non operated females
and male hane been weluded i Figures 3 and 4 swnce there are 30
cases or more to ust n calenfating the yates Tt espected that the
mortahty rates for our control females will be conderably haghes
tan far the surgically treated cases group for group The difference
berneen the two .omes will be statishieally of greatest sigmificanice
for Group ¢ $ and 4 cases On the other hand the mortalily xate of
Group [ females treated surgically will 1n all probability closely ap
proximate that of normotensive persons ‘The difference buiween made
patients treated surgically and those trested non surgecally will be
mote marked than for female patients Of the most fasorable cgses
wwthe wegeal senes Group 1 patients the males will have a Jogher
mottality rate than the females The survnal rate for these male
patients wui not approximate the calculated mortahity rate quite so
<lasels as wdl that for Group 1 females

Summary and Conelusions

{ The mortality rates for groups of hvpertenstve pattents who have
rot been treated surgieally and who have been followed for a varying
number of vears differ wadely from 17 per cent to 41 per cent

2 The mortality rates for male patients are higher than for females
This tndrcates that tt ts advssable to discuss the prognos's for the two
seses separately

3 1t hypertensive patients are subdivided ato groups according to
the cardiovascular changes no f at the onset of olpervation or treat

ment the prognosis varies according o the extent of the car Tay 1
damage ©

In this ]
matwon ¢

» s @ a3 pclgered more aceurate and the effect
of a particular thesapentic rmevsure
e upon the course ol th
€an be better eyaluated e drocdee
n;‘ :, L‘gnm{alanson b:;wwz the mortality Tutes for surgiealls and for
TRically treated patients subdys
the e 3 tretes vided 1nto groups according to

authors t
uestud By pertanse eveals 4ot the prognoms for surgically

patients has been signifi
T cantly 1mpraved
The greatest reduction in the mortalitt wptep ¢ nulv‘t)f n patients



446 A Sympostum on Hy pertension

HYPERTENSIVE CARDIOVASCULAR DISEASE
SURVIVAL RATES FOR 748 SURGICALLY AND 330 NON-SURGICALLY
TREATED MALE PATIENTS SUBDIVIDED INTO 4 G

TO THE CRITERIA OF SWTvick - ©  ORoNe
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Fiure 4 The data contamed m Table 19 are here presented 1n the form of
survival curves for surgically treated male patients folfoned up to » years 4s
m the previous figure 1t 1s possible to nclude comparable data for our non
surgieal contsol series for the first 3 years only After that the numbers of
cases become too small to be of sigmficance It 1s apparent however that the
mortality rates for the surgreal patients are much lower than for the non
surgeal cases group for group It also 1s apparent that this difference between
surgical and pon surgical cases i mortahity 1s greater for males than for females
(Figure 3) On the other hand the actual survisal rates for surgically treated
female patients are higher than for comparable male patients

stderabhy lower than for the controls mn each group being more mark
edly s0 1 Groups 2 8 and 4 than i Group 1 This 1s best Hustrated
by the survnal curves which are shown i Figure 2

An examumation of Tables 14-17 reveals that the number of caces
followed for up to 5 vears 1s adequate m the surgical series to sub
divide the patients not onlv by groups but also by sex This has been
done m Tables 18 and I9 It 1s apparent that the mortalits rates m
crease for both sexcs as the amount of cardiosascular damage m
creases It 1s also apparent that the mortahty rates for male patients
are higher 1 each group than for females

Group 1 prtients have the Jowest mortahty rates the rate of the
females more nearls approrchmng the normal than does the rate of



Qucstions and Discussion

DR ALFRED W ADSOY (ROCHESTER) I shall confine rav remarks to the
<urgical treatment of essential hypertension <ince 1 was a partiespant
1n the studies and the devélopment of the surgicsl procedures {exten

sne splanchme sympathectomics) designed to sblate the control of
the artenl system below the diaphragm by the sympathctic nerves

The purpose of ablating the sympathetic nerve control of a large vas

cular bed was to mterrupt central simuli and reduce vascular spasm

1n the hope of creating a vascular Teservowr below the diaphragm even
though the non sympathetized ariemes abote the duphmgm went
1mto spast If this could be accomplished 1t was hoped that the blood
pre-sure after operition would not nse to a dangerous level

This purpose has been achieved 1 2 goodls number of patients who
have had t

s on the splanchme sympathetic nervous
system for essential and malignant hypertension I am fully 1n accord
with Dr Smithwich 1 that ex of the splanch

i
nerie al present represents a type of trextment for a selected group

of patients suffering from mahgnant hypertension Symptoms hase
been amehorated and life has been prolonged for patients that swere
unable to obtain rehief from medical regimens Surmeal intervention
{extensine resection of the splanchnie nerve) 18 not a cure all Qur
problem still is one of selecting the patient who will respond favarably
10 this type of surgery and to decide on the ime 1n the course of the
disease when the operation should be petformed

v mterest 1n the treatment of patients with malignant hyperten
sion was mitiated by two observations (1) Medical regumens fre~
quentls lated to contral the disease or yelieve the symptoms  (2)

Spinal anesthesa dunng the 19205 not mirequently resulted 1n a fall
1 the blood pressure

Since the spinal anesthetic anesthetized the spinal perves it was
reasonable to assume that the 1asomator nery es also were anesthetized
449
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with from early to moderately advanced cardiovascular disease, the
companson of such cases with those not treated surgicalls beng
statsstically sigmficant for all suggested methods of subgrouping

6 The favorable cffect of surgical treatment appears to be greater
m males than m females The explanation for this 1s not known

7 While surgery has a more strihing effect upon the mortality and
survival rates of patients with the more advanced cardiova culer
changes the Jowest mortality rates are noted n those patients operated
upon beforc the onset of «ascular damage of conscquence The mor
tality rates for surgeallt treated females are distincthy Jower than for
rales The mortahity rate of Group 1 females (Smuthwich classificy
tion) more closely approuimates the evpected mortality rate of normo
tensne persons than does that of anv other group of patients



Questions and Discussion

R ALFRED T ADSON (ROCHESTER) I shall confine my remarks to the
surgical treatment of essential hypertension simce I was a partieipant
11 the studies and the devélopment of the sugieal procedutes (exten
ave splanch pathect 3y A d to sblate the ctontrol of
the artenal svstem below the draphragm by the sympathetic nerves
The purpose of ablating the sympathetic nerve control of 5 large vas
cular bed was to wterrupt central simuh and reduce ~ascular spasm
in the hope of creating a vascular reservoir below the diaphragm even
though the non svmpathetized artenes above the diaphragm went
into spasta If this could be accomplished 1t was hoped that the blood
pressure after operation would not nse to a dangerous level

This purpo e has been achiesed 1 a goodly number of patients who
have had extensive operations on the splanchmse sympathetic nervous
svstem for essential and mabignant hypertension 1 am fully 1 accord
with Dr Smuthwick i that extensive resectlon of the splanchmic
merve at present represents a type of treatment for a selected group
of patients suffermg from mahgnant hypertension Symptoms have
been amehorated and lfe has been prolonged for patients that were
unable to obtain relief from medieal regimens  Surgical intervention
(exten 1ne tesection of the splanchnic nerve) 13 not a cureall Qur
problem still 1s one of selecting the patient who will respond favorably
to this type of surgery and to decide on the time 1n the course of the
disease when the operation should be performed

Ay mierest 1n the treatment of patients with malignant hyperten
on was mtiated by two observations (1) “edreal regimens fre-
quently fasled to control the disease or relieve the symptoms  (2)

Spinal anesthesia duning the 1520 s not infre uent};
y resulted 1o 1
1 the blood pressure ! o

Since the spinal anesthetie anesthetized the spinal nerves 1t was
reasonsble to assume that the \asoimotor nerve slso were anesthetized

449
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Smce they were anesthelized the arteres lost therr central control and
were unable to mawtam thewr tonus, hence the fall i the blood
pressure

After studies were madc of the effects of spinal anesthesta on palients
with malynant hypertension, I proposed and performed an extensive
rhizatomy, sectionng the anterior roots which gave off the +asomotor
fibers bulaterally from the fifth dorsal candalls to and meluding the
second lumbar motor roots

The blood pressure often fell during the operation to such a degree
that st could not be read This prompted us to perform lammnectony
and rluzotoms of the ventral roots in two stages Even though this
was done the procedure was still a fornudable affarr

In order to reduce the morludits other approaches were deseloped
to interrupt the vasomotor svmpathetic fibers to the arteral system
below the diaphragm Cray, and I resected the splanchme nerves 2
portion of the echiac gangh, and the upper Jumbar «vmpathetic trunks
on both sides after a subdiaphragmatic extraperitoneal approach Peet,
Poppin, and others sectioned the splanchnse nerves above the diz
phragm Smuthwick bined the mfradimphragmatic with the supra
diaphragmatic procedures and devived an operation known as the
thoracolumbar splanchnic resection

Grimson has performed the most extensive sympathectomy of us
all mcluding all of the thoracie svmpathetic trunks and upper lum
bar gangha George Crile at one time advocated the manual removal
of the celiae ganghon for the treatment of essential by pertension Bron
son Rav has performed an extensi e resection of the splanchme nerves
and a rhizotomy of the ventral roots of the twelfth thoracie and first
and second lumbar nerves huntz by anatomic studies, showed that
a number of the vasomotor fibers by passed the sympathetic ganghon
and passed directly to arterioles along with nerve fibers m the periph
eral nerves from the twelfth thoracic and first and second lumbar
nerves Apparently these are so few m mumber that of left undisturbed
thev do not change the blood pressure when 1n extensive splanchme
resection has been performed

In view of myv 20 jears of expertence nith operations on the svm
pathetic nervous system for the control of essential or malignant by
pertension, I now am employing a procedute that 1s as effectrve 15 the
extensive thizotomy that I once employed It 15 abo as effective as
the thoricolumbar approach without the necessits of opemmng the
thorax Thoracic approaches earrv 4 considerable morbidity m surgs
cal shoch, pneumothoray pleural effusions and mtercostal pan
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The procedure I now employ consists of & subdiaphragmatic extra
1 h to the splanchme neres and the celiac and upper
fumlm gangfm The exposure 15 effected by a hockey stick type of
wmeision 1n the hidney region with the stoch of the such along the
Jateral borders of the rectus and spmous muscles The latssimus dorst
musle 1s divided 2nd the twelfth 1ib 15 vesected The {ssan coverng
Petst s inangle 1s dinided winch permuts clevation of the kidney and
Lver Tth the patient placed on his «ide the hdney and liver are
retracted ventrally with an Wlumnated retractor which exposes the
splanchmie nerves and the cehiae and lumbar gangha
In order to mclude sympathetic nerves that follow the aorta to
enter the cebac ganghon the entire ganghion mass is resected The
splanchme trunks are dnided as they penetrate the diphragm to
enter the abdommal cavity Silver clips are attached to the proximal
ends of the trunks to control bleeding and present regeneration if
that 1s possible Following section of the splanchme trunks lateral
traction 13 apphied Yo the cehac ganghion i order to section all com
muticating ramu The celiac ganghon 1s then dinded half of the
ganghon 1s removed during the first operation The aorticorenal gan
glon 1s removed with the celiac ganghion m order to mterrupt the
fami {o the adrenal gland and hidnev The first and second Jumbar
sympathetic gangha and the intervemng trunk are removed also A

amidas operative procedure 1s employed on the opposite side 1n & week
or 10 davs

The operations are performed n two stages in order to mimmize
the sudden and severe falls 1 the blood pressure Occasionally after
“urgers 1t becomes necessary to apply an abdomunal support and
even wrap the legs with ACE bandages for several months to man
tain adequate blood presstire and prevent SVReope

The adjustment of the blood pressure to a normal or above normal

level takes place pontaneously within from three to six months
Dsspea on exertion ma

) contmnue for vears The
1s Jess than 1 per cent surgteal mortahity

The postoperative, results following anv one of the major operations
;n the splanchnic nerves wnd celiac and fumbar gangla for malygnant
w)‘\y‘mx::\nsmn are very smulr Approvimately 1 third of the patents
mmn‘;m:m good yesults with a relief of chmea] simptoms and the
o ;:‘u: 10(  normal blood pressure The second thud wil} re
e & m“c m‘c:l results uith a velef of symptoms but with g
betoal m of the blood pressute to fevels near those prevahn

urgers The last third of the group of patients obtan + ery h!lli
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from surgers There 1s onls a temporary relief of chcal symptoms
Blood pressurcs soon return to, or exceed preoperative levels Davs
stated that although surgers has not been effctnne in relieving the
svmptoms n this last group they have responded better to treatment
with potassium sulfoes anate following surgers than thes did before it

The real problem that confronts those of us whe are attempting to
relicve the symptoms and prolong the lives of patints suffuring from
malignant hypertension s this When should surgery be mstituted?

It 15 obrious that medical management 1s an adequate and suff
crent treatment for the major group of patients suffermng from essential
b3 pertension Hawever it 1s rather disheartening to be ashed to con
sider surgical treatment for a patient whose disease has progressed
while he was on 1 medicdl regunen untd changes have become i
reverstble

If surgical treatment 1s to be considered 1t should be employed for
that group of patients who have ‘earh mahgnant hypertension
This group usually does not respond well o medieal management
The symptoms progress 1 seversts rather rapidls and they soon
mtierfere with the patient s eomfort and efficiencs

Before extensive sympathectomy 15 advised or performed a care
ful evaluation of the vascular system should be made One should
make surc that the blood pressure 1s of the labile type that it can be
{owered by rest i bed or by the adi tration of a vasodilatmg drug
One should make careful studtes of the kidney to determine whether
2 lesion 1s present that has resulted m ssch and the develof t
of a pressor substance <mnce such a lesson 1s a contramdication to sur
gery However if the renal lesion 1s unidateral a combmed operation
of nephrectoms and sympathectomy may be mdicated Cardiac de
compensation or a history of cerebrovascular acedents lessens the
prospects of a satisfactory surgical result

DR TWILLIAM T PEYTON (MINAEAPOLIS) Hipertension 1s a vansble
disease and the sympathetic nervous system 15 a varmble structure
1t 1s not surprising that the results of sympathectomy have been some-
what vanable T think that the results Dr Smithwich has reported
are about what we should have got m our group if we had followed
them for a longer pertod of time and had mortality rates

For this discussion I tred to chech up on our results following
sympathectomy for hy pertension Yve have hag 1 vers small group
compared to that on which data have been presented Up to one year
ago we had gperated upon 154 patients Perhaps because of a certam
amount of luch we had no mortality the group
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It 15 quite & Sifficult prolem 1o fnd Lhese praple and to get them
ack 4o the chme for exammstion so that our data on them are pot
stall complete Seventy six we did get back for se examunation but 1
a2 cioe that 1s busy with mamy other things they didnt all gey the
routime tests planped e B of course s\nays get \he bload pressure
¢ adwmg, but & funduscopic examinahon PSP evcretion test and an
dectrocardiogram were pot made on all of them

Lol gne you in detail only the resuits of the blood pressure read
wgs 404 Just mention 1n general whot the other tesults were Wie qre
pethaps & httle out of date w reporbing these patients w reporting
that 3s the effect of the operation oo the blood pressure This morn
g Dr Smuthwick sad that reporting resulls according to the effect
o the blood pressure 1 out of Gate and 1hat be was now reporting se-
sults by grvng the mortahty or survwval rates Ve are uil back
the stage of reporting the effect on the blood pressure

Qf rourse our groups are 50 small that perhaps our data are not
sguficant but Thonk they do show the sesulis an avesage cime gels
The blood pressure reading we used 1 comphng results was the mean
of au the pressures taken 1 the sitting postute when the patent
returned to the outpatient chimic after operation. We divided patients
1fe re groups actordimg to the drop n the diastolie Blood pressure

The first group had & drop 1 the disstolic pressure of more Yhan 30
min The sext group had & drop of from 20 to 20 mm  [he third group
i’[‘i’, :‘:(P of from 10 to 19 mm The fourth group had a drop of from
o “su; :t uo drop at all and the §ith group werr thuse w whieh

se 1o the diastohic pressure
p; \; :1!\”:\:; S, r\nc': dz!;\;} c:m;emmg a1t of these gronps Twenty nme
1 whieh there w:s!: N Q‘\ i the fust tno groups those that 15
That igure 15 2ot sa ao::d esr(:\gmﬁ;a “\dep Tne tood prisue
vears ago good as the results Dr Smithwiek reported some

1 thought that perhaps our selection of ca es was not go
Smithwick as I uod, a from b d . ““58 od but Dr

ot vsed amy Qefimte 5 b
enitena of selection T underst:
Vit e stica e o erstood him to say

Sursival rates fo,

T
bt )»::\;uﬁe very much wterested to hear Dr Smuthwick tell ug
€S Use at the present tiume to determune whether or not

perafion was by consideration
¢ the vanons groups of the

he 11

:m“ﬁ:\f’s}:}i‘ ratent be ss evajuating for operation 13 goig to re

iy unsmsh:; 1N x; That w ape of the thangs that bothers us Tt 1y
ory for 4 surgeon when discussing the adwvicabihity of
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from surgery There 1s only a temporary rehief of climseal sy mptoms
Blood pressures soon rcturn to or evceed preoperative levels Davis
stated that although surgery has not been effective m selieving the
symptoms t this last group, they have respanded better to treatment
with pofassium sulfocyanate following surgers than thes did before 1t

The real problem that confronts those of us who are attempling to
relieve the svmptoms and prolong the hives of patents suffermg from
malignint ky pertenston 1s this When should surgers he nstituted?

It 15 obvious that medicr! manag t 15 an adequate and suffi
cient treatment for the major group of pitients suffering from escential
hipertension However, 1t 15 rather disheartemng to be ashed to con
sider surgical treatment for 1 patient whose disease hes progressed
while he was on a medienl regimen untd changes have become w
reversible

If surgical treatment 1s to be considered it should be employed for
that group of patients who have early malignant hypertension
This group usually does not respand well to medical management
The symptoms progress in severity rather ripudly and they soon
mterfere with the pitient s comfort and efficiency

Before extensive sympathectomy 15 advised or performed a care
ful evaluation of the vascular system should be made One should
make sure that the blood pressure s of the labile tvpe that 1t can be
lowered by rest sn bed or by the adrumstration of a vasoddating drug
One should make carcful studies of the Lidney to determme whether
1 lesion 1s present that has resulted m 1schemia and the development
of a pressor substance stuce such a leston 1s 1 contramndieztion to sur
gery However if the renal lesion 15 unidateral 2 combined operation
of vephrectomy and svmpathectomy mas be mdicated Cardiac de
compensation or a history of cerebrovascular accidents lessens the
prospects of a satisfactory surgseal result

DR WILLIAM T PEYTON (rnnzarours) Hupertension s a yanable
disease and the svimpathetic nervous system 1s a vanable structure
1t 15 ot surprising that the results of sympathectomy hate been some-
what varble T think that the results Dr Smsthwick has reported
are about what we should have got m our group if we had folowed
them for a longer period of time and had mortakly rates

For this discitsston T tred to chech up on our results following
svmpathectomy for hspertension Tie have had 2 very small group
compared to that on which data have been presented Up to one vear
380 We had operated upon 154 patients Perhaps because of a certamn
amount of luck we had no moriahity n the group
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centage that vanes gecording to the ;v itenial one has Nobods a8 yet
s been able to predict Shich patients will have a significant dectease
12 the blood pres ure to normal or to near norma) Yevels

With tegard to the question of symptoms 1 think we can disregard
ths yardstick becayse i 15 not an te objectine
of smprovement and because almost any torm ot trestment 1f judi
cotely fallowed, will relieve symptoms except m some of the ven
severe and ternunal cases

The thard method 1s the evaluation of the progress of cardiovascular
disease T think that 1s very mmportant It 15 a very strange tung Hut
these 15 slmost nothing 1 the literature as yet about tbat for non
surgically treated patients When people wmte about the long range
proguoss for hypestensive patients who have not heen treated surp
alfy thete 55 little mention of the blood pressure and nothing of any
consequenice 13 sud about what has happened to the ecardiossseular
systesm

‘Lhat 1s 3 defect which ought to be corrected Ve recognize that and
why has the job not been done? Well the reason 1s that 15 2 per
Ceclly stupendous tash o keep trach of & large group of patients par
¢ ultly suchi a group as mme who hive come from all over the
worid and to get them to come back year after year after year for a
follow up study Therefore at the present time there ate no data that
’Mf‘;"m o for comparison exeept what I get from my owp conteo)
v m:z‘: there just 1snt 1 the Mterature apyihing on cordo
Teen merm:;* cx;ﬁpt on electrocardiograms Dr Panl White has
mads oy dym‘ﬂ t{ euvtohlem and he 1 about the only one who has
ste ke :’bap to follow a series of non surgically treated patients to

pens to them 1n that particular regard So for the cardso

Mooy spsterr ghere ju
5t are:
Dresent, just arent  ufficient data for companson at

\hlz *;-’:: ;mn able to get back over 3 thousand operated patients 1n
4t oven 8 g; “2r peead far A complete cardissascular check up and so
5 500 maany lilperated patients in the 5 ta 10 year pertod So T huve
1o ther c:nB}: - 0)'J the sirgically treated group and what happeped
eIt w\\:?sw ;;{vstems Suxty per cent of the aurgieally treated
ey sy e h‘:;)a *owed for 8 years or more have cardio
e Cont there 15 o oy e J6F (A0 e were onginalls Tn g0
of Cunsequence‘! x]ﬂcl” deace af gragress m the eardioy vsoutar dusmase
e daense So l?aﬂldnnfnpg t{: 1 ere o @ defte progresuan of
€ 1mprovement 1
Ttk 1} Yhe patents M2 T hace b‘;en able to lrc‘;lls:\:vv;:lsr;g; i':,
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operation to have to say to the patient that he does not hnow whether
or not 1 this c1se the operation will be beneficial, that 15, that the
pitient must gamble on the result We can say to the patient that
for the group as 2 whole the results are good and that as Dr Smith
wich has shown, the survival period 1n general 1s lengthened But un
fortunately we can’t pick out the mdividual patient and promise bim
that he 15 going to be one of those who get good results We thought
at one time that with the sedation test we were getting some selection
that was worth while But m the follow up made for this report there
does not appear to be a correlation between the response to sedation
and to sympathectomy

We thought at one time also that changes seen m the retina might
be a lead to the proper selection of cases but according to the follow
up that 1s not reliable esther The renal function and even the hidnev
biopsy do not mdicate what the response will be to operation So we
really have no way by which we can select a patient for sympathec
toms with the certunty that he will get a good result We bave onh
2 few cases where the patient was followed for many years by a phist
cian who over this long period made a record of blood pressure read
mngs Fram such a record we can possiblv best judge the lability of
the pressure and certamly that discloses the progress of the disease
Thas way may be the ene by which ¢ases should be selected for opera
tion I should Iike to hear Dr Smithwick comment on 1t

The rehef of symptoms of course 1s a very satisfactory result but
st 1s not correlated with anv drop an the blood pressure or mmprove
ment mn the renal function cardiac function or changes win the retina

I should be most nterested mn having Dr Smithwack tell us just how
at the present time he can predict to a certair patient that he 15 gong
to be the one that will be improved by the operation Granting that
he cannot alwavs do this what are is critern for the selection of
patients for sympathectomy?

pr ssurunich I should hike to thank vou Dr Peyton and Dr
Adson for your discussions

As I have already indicated there are various yardsticks by which
one might measure the result of amy form of therapy  this disease
Naturally we are talking about hyvpertensive cardiovascular disetse
and T thinh that 1t 15 the natural reaction of everybody to feel that
what one should measure 15 the blood pressure Y¥hat we are realls

aiming at 1s to Testore the blood pressure to normal Nevertheless we
Lnow that co far as the surgieal trextment of hypertension goes that
can only be accomphished m a certain percentage of patients n per
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The Management of Hypettensne Paients

Observations on the Pertinence of Life Stuations Attitudes and
Frmotiwns to } anations 1n the Course of Essential Hypertennon
and ta the Occtirrence of Assoctated Symptoms

vy physictan who attempts to manage a patient with escential
bypertension everts some effect merely because he 15 & physicran
Moreoser the 1mpression 15 widespread that be a shallful development
of the patient. physteran relationship 4 signtficant alleviation of hy per
fension and sts accompanying symptoms may often be eficcted Ac
cordingly an attempt has been made to define some of the factors
2t may ogerate n these circumstances and af possible to sharpen
them by emphasts
To ascertan whether or not anyv appreciable modification in the
conrse of essential hypertension can be effceted 1t 1s e.sential that sts
fatural hastory be clearly evaluated Although there are a pumber of
Teports (1-5) concerning the prognosis of malignant hypertensne
disease 1 vanous phases ultimately ending 1n death there are no
equally complete considerations of that group of patients who at
one tyme presented evidence of hypertension 1nd who for one rerson
or atiother ceased subsequently to give evidence of the disorder
16w et &l (6) found that a sigmficant proportion of men who
exhibited 5 transtent Pressor Tesponse dusing exammation for military
:;‘:‘;"‘e u:‘ﬂf" td“’;’fopk‘d sustaned artenial hypertension They found
e L St o s b
owp wbout e 1 e g:) p mith tramsient hypertension as i the
ese observations would seem to mndieate that the
B3y Jerss e based on stud et carmed out wih the ollboration of Dy
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more after operation have cardiovascular systems that are either as
good as they were oniginally or better i 60 per cent of the cases

But when 1t comes to the non surgical series we have a great deal
more difficulty We can’t follow them m so high a percentage of cases
even to the extent of checking the mortahity rates We use evers de
vice hnown to mankind to follow these patients meluding the assist
ance of J Edgar Hoover, who has been very cogperative in trving
to find them, but we have 2 lot more trouble with these patients who
have not been operated upon Thes are scattered around Thes are
bemng treated by various doctors i various ways We dont have the
contret with them that we have with the patients that we hive
operafed on The latter are 2 most cooperative group of patients and
we have very httle difficults following them In the control group
however so far as the rte of progress of the cardiovascular disease
goes we have g great deal of difficults getting more than a very small
percentage of them to come back for periodic observations

As far as the selection of patrents for surgery 1s concerned 1 think
that 2t the present time the onls realls practical basis 1s the survival
sate Its the onlv thing that we bave accurate statistics on One thmg
sou can t argue about 1s whether a patsent 1s altve or dead You cw
argue about the blood pressure and sou can argue about symptoms
You can argue about the cardiosascular svstem but of 1 patient s
dead he s dead and that settles that

Most of these patients who are beginning fo show vaseular changes
or have fairlv marked changes want to know whether you can do
anvthing to prolong therr hves Thev want to Ive they dont want
to die If you ean assure the patients that on the basis of statistics vou
can promise them a sigmficantly increased lfe expectancy, thal i
what they want to know It 1s possible to offer this to cases faling mnto
myv Groups € and 3 Surgery should be advised for these patients
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Hence i the following report of 90 patients known to be hyperten
sne for vamons periods with the mdication that a certamn portion
hase become normotensive during a period of management, 1t may be
that certan naturally occurrng  remussions have been made casier
or more posible An attempt has been made to ascertain what in the
lfe of a hypertensive who has become normotensive has been mod
fied dunng the tranution Since the patient s reason for seeking help
from 2 physician 15 chiefly related to the presence or absence of symp-
toms 1t 15 mecessary to consider the symptoms associated with hy per
tenston before elaborating the results of the experience 1n the manage
ment of these patients

The Relation of Symptoms to Hypertension
Asrdicated elsewhere in this volume * 1t appears that certan per
Sors either by nature or expertence are so constituted as to mnvohe
uuder stress protective adaptive reactions which appear to have been
designed Prmanly for desperate struggle or mortal combat Arteral
hypertension may be part of such 1 reaction There 15 no evidence
bowever that an devation of the blood pressure Per se gives mise ta
Symptoms The only symptoms directly attnbutable to the byper
fenstve process are these due to the local vaseular lestons m the
bram heart and kidnevs m advanced cases Ascooated with the

emodvnarme changes which underhie hvpertension howerer there
:x:‘av often be observed evidences of other more or less unrelated adap
eﬁ" Patterns especially those designed to meet the needs of violent

ort or flight VMans of these give ise to sensations and evident 1m

PLirment 1 function 5o that troublesome svmptoms occur Others do
Dot gve mse to unys
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proclisity tosard arteral b pertension is present i certain persons
early m lfe, but that all persons who under stress show that they are
such blood pressure reactors do not develop hypertenste disease
1o later hfe Such a notion 15 further supported by the interesting
studies of Hines (7) at the Mayo Clime, who was able to relate mitial
blood pressure readings with the subseq deyelog t of hyper
tension 10 (and 20) vears later It will be noted from reviewing his
tables that those with the higher imtial blood pressure readmgs were
the most hikely to develop subsequent hypertension Vhen both the
svstolic and diastolic readings were elesated the incidence of subse
quent hivpertenston was ligh On the other hand m those whose
drastolic pressure was Ingher than 85 mm Hg even when the systolie
blood pressure was Jess than 120 mm the mcidence of subsequent
hypertenston was lugh 1t 15 of particular jnterest that none of those
whose diastolic readings were less than 85 mm later developed hyper
tension even though therr svstolic readings had been higher than 140
nim The comparatively low diistolic pressures observed among these
subjects suggests that the peripheral resistance too was relatively
low and that their early clevation of the blood pressure was the result
of an increased cardrac output As pomnted out elsewhere in this vol
ume 1t appears that high levels of arterial pressure due to an mcreased
penpheral resistance are far more pertment to the mechamsm of es
sentinl hy pertension than are those attnibutable predommnantls to an
mercase 1n the cardiac output

If Hines observations are examuned not so much 1n relation to the
persons who do subsequently develop hvpertension as in relation to
those who do not, the interesting fact becomes apparent that ap
proximatels 20 per cent of those with a high imtial blood pressure
reading do not develop hypertension and approximately 14 per cent
of those with imtial diastolic pressures of even 100 mm are normo
tensive 20 vears later In other words tn spite of & hypertensnve pro
chivity 10 to 20 per cent of persons so constituted remam normo

tenstves
Cqually suggestive 1s Hines observation that a sumilar proportion of

persans who present evidence of vascular overrerctrvity to stress or
pam do not ultmately develop essentinl hypertension Unfortuaatels
these studtes also allow of but limited inferences since the imtal read
sngs mas not have been representatne of 1 state Jasting more than
a few mnutes There 1s no precse information s to how many per
sons who at one pertod were known to have more or less sustaned
hypertension mt be normotensies 10 or more vers later
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was not 4 stuking feature of the reaction nd when st i occur
93> often confined 1o the musties of fpeal espres son

The tme intersal between the onset of systamed mu cle contre
et and the appearance of pam was constderably longer niter pro
fonged selasation than after brtef relaxation Alco with the Dicod flow
to the forearm intact and then octluded bt n sphn gmomanomter
cuff the time 1mterval between the onset of su tuned mu e tontsae
o and the occurtence of pain was metsured daty under a vanely
of ife situations In a settmg of prolonged confhiet and snuety the
e wnkersal requited for the occursence of pa i the wuseles with
the Hlaod flow satrct snd 101 chemuie muscies was relitnels <hort and
spptoximately the same Tn coptra t m a setting of rdlvxation nd
tranquility the time mterval required for the apperance of pam n
the museles with the blood flow intact was consderably Jonge thin
{mure than twofold} that from ischemic muscles This relationship
between muscle actruty and deep pun suggests thot the mechanisms
insohed 13 the production of pun m these experiments and w the
backache sy rdrome Are simsfar 1 nature fo those descmibed by Tewss
m sschemy museles and depend on the accumulation mn the tissue
paces of & metabolite designated by Lewts as Factor P (9)

HRADACHES

There ate two types of headaches frequenthy qos ciated with hy per
tension et ker bears a direct relationship to the lexel of the blood
e <ure Ope tvpe due to a sustuncd contraction of the sheletal
;l‘::sdf’ zefe zed to above was studied in detall by Simons et af 10)
m\:nr;l));fr“:s 4 sascufar headache dull diffusc decp aclung usually
o ;)xl ;)ut ocenstonalls continuous Such headaches charseter
hleral) 70l ¢ pecsafly at the optet They mas be peneralized wm
e ma:;l;;:mb[:n;l’ and are commonly worse m the easly hours of
o renchos gmng at some tyme befween midmght and 4 aat

therr pead intensit t
ng e Thes sy v about daybreak or shortly before

4 awaken the patient in the early hours o
tt::\:r:;ngﬂ;s;d vommonly dimimsh n mtenstty after he gets UPI
e dls(‘ﬁ\ ofl coffee and assumes the duties of the day Panents
oo er a‘ l:ﬂ- the onset of the headache that thes are more
B “I:: he s(;nm.3 postian and a few have the notion that
gy e c: Up position mimimizes the hesdache and per
Yot eﬁoxY ‘e‘h 3 1 The eadrchie 15 increased 1n mtensits by
AR, ‘s ooping, over and coughing and s will be dem

© elv r¢ embles mizraine headache w other nays -
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ture m patterns of behavior i a variety of settings the subjects were
patients with bachache and other muscle pam and control subjects
without such complamts (8) Although these studies were not made
primardy on hypertcsisive persons from the simtlar nature of the
symptoms and mamfestations among hypertensive subjects there 1
reason to believe that the mechanisms are identseal m both normo
and hypertensnve persens

It was possible to assess the contractible state of the muscles by re
cording action potentials on an eight ch ! mh wnting oscillograph
of the Grass type by means of bipolar needle electrodes (not con
centric) apphed bilateralls to the sheletal muscles of the torso and
extremities These data were correlated with the presence of pam the
mtensity of which was estimated by the subjels on the basis of an
arbitrary scale 0 through 104 104 representmmg mavimal or un
bearable’ pam A correlation was also made with the subjects life
situation, emotiontl reactions, attstudes and mood

When these patients complantng of bachache were grven a sunple
test of motor function which mught easidy have been performed by the
skeletal muscles of one night arm and shouider girdle distant muscle
groups were called mto play which neither take part i nor facilitate
the action Such generalized participation of distant muscle groups
was a strihing feature i all the backache patients observed

In contrast the reaction of non backache subjects m similar ev
peruments was mn general charactenzed by conservation of muscular
activity Not only were distant muscle groups usualls not mvolved
but there was even less ntensity of the muscle contraction n the
extremity performing the purposive act

This action pattern myolving generahized and sustawmed hyper
function of the sheletal musculature was characteristic of other as
peets of the behavior of the patients with bachache and was especially
apparent n the mtensity and vigor with whch they particpated
in social and athletic activities and discharged thewr responstbilities
In therr efforts then to mawmtam their sense of secumty by giving
a good account af themsclves ' and turning m a good performance’
the entire sheletal musculature was mobilized for partrespation in the
test

A sunilar pattern panied d of thr hfe situn
tions engendering conflict and feelings of resentment, frusiration

humiliztion, and hostilits In contrast although a discussion of senst
tive topies with non bachache subjects also provohed states of con
fliet with strong emotions hvperfunction of the bodily musculature
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contractsons and an inerease as well in arthythmias all of which way
gve n e to unusual chest sensations regardiess of whether the per
50018 hormotensive or hvpertensive

Dyspnes g5 also often n: accompaniment of siress {18) The \ tay
studies of Qtewart Wall (14) demonstrated & difference 1n the actign
of the diaphiragt during a period of emotional turmen! During ths
tme of stress the dphragm was flattencd owing to mercased mys
cufsr contraction aud shortening This phenomenon may be Tesponst
Bfe for symptoms such as mability to draw a full breath, a substernal
{izhtness or cramp and a semsation of breathing onlv with the top
of the efiest An additional factor was demonstsated by George Wolf
2 # Young woman with nocturnal dysprea (15) In this patient the
stress of utexpreysed anger and hostihty caused ay exaggerated
Pressar tesponse hyperventilation and decreased ventilatory effi
cency 4n nfersiew which brought these feclngs to the snriace
cosed 3 cireufatory and tilator p sumilar to thap pro.
dueed By strenuous muscular work These were the baws of the npr
my ayspnea The dvspnea dipumshed after the patient was ghen
“Tappottumty freely 1o discuss these feelings

Thus with such dyspuen nut only are the rate depth and myscplay
Patlers of respiratian sppreciably modified but the rhythm 15 alsp
s0mgar .ad  foy, aeep sighmg resmration alternates with Apnra
M 204 shadow neffectise movements

Cerebraf anovia attendant upon diminshed venous return to the
bean T3y gie ps, to feenngs of guddiness and fantmess Byt the
latter feehngy mag also result trom hyperventifation which 15 fo}
lowed by cerebral vacoconstriction mpaired dissoation of ot hemo-
globin ang cerebro] 2goyem Both t3pes of cerebral anoxia occur n
Tesponse to siress Produaung Wl sitvrtions 1n assoclation with feelings
o desperatioy, Aphe, + exbi Gont anyiets and fear and during the
ealy yary of topValese » o Zatigue prostration and asthemy g
:x;”“:‘d by ok 5 are o complex state dependent upon emo-
- alttude the aheryre o 2 dommnant motvation ang the pres

ce of & stresg Froduemg Wle sntuation with accompanying tneff.
S0y of cardiovaseular ang respuratory functign

P and discomfort, result not ant ¢

Substernay 2nd prerordial
Teduced s

b

, o Ll and shoulder yuscles gy,
Usl:’ntd Contrachions of ype skeletal muscles are o comgmon acco;b
ent of Frrolonged emottonal tenson apgd conflict i bot thaee
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Among 448 patients with hy pertension Robey found 218 who had
never had headaches n short one half the patients with hy pertension
had no headache whatever (11) Ina group of 303 outpatients with
hy pertension, 50 had herdaches as a chief or major symptom but
these persons had practically the same levels of systolic and diastolic
blood pressures and of pulse pressure as did 150 patients who never
had headaches Turthermore, those wath headaches did not necessarils
Itave them when thetr blood pressures were at ther highest

The fact that the high level of the blood pressure among hyperten
sive subjeets 15 not a suffictent condrtion for headache does not justify
the assumption, however that these phenomena are unrelated In
deed this too would be contradicted by the facts of common evpen
«nce simce some persons with hypertension had never had headaches
until the hypertension became established It seems reasonable to
postulate that a cranml artery only shghtly relaxed for whatever
reason would not distend so much, and possibly not to the pomnt of
producing pan, if the bleod pressure was low If, honeser the sus
tamed level were ra1sed distention would be created and therefore pain
rught readily follow In other words a degree of change m the con
tractile state of the arterial wall, compatible with comfort when the
blood pressure was average would be associated with pam when the
blood pressure was elevated An improsement mn the contractile state
of the cranml artertes with a reduction or loss of headache often
occurs 1n the absence of any change i the systemic arterial pressure
and tndeed sometimes in the face of an actual mse mn the artenal

pressure (12)
PALPITATION D1SPNEA, AND PRECORDIAL PAIN

Troublesome symptoms including palpitation dyspnea, and pre
cordial pamn are often noted m hy pertensive subjects in whom there
15 no evidence of structural cardiovascular disorder In an earher study
of carchovascular dynamues by G A Wolf, Jr, 1t was shown that
such symptoms, occurning at times m healthy as well as hypertenstie
subjects are actually associated with tmefficient and averfunctionng
of the cardiovascular apparatus marhed chiefly by the persistence of
elevations 1 the cardiac output following mnor cxertion (13)

Some patients with precordial symptoms 1n situations of stress are
morbndly interested in therr hearts which they fecl are functionmg 1n
a pecular wav Actually as has been demonstrated the hearts of
many persons qunng periods of duress mav function differently ’in
that there are an mcrease m the cardiac output and the force of the
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8ty performed Sunug pesiods of ey e teagauility produced btk
Jtrea e3q the beart ate of chonge 1n the electrocardio tam xad wese
fo'lowed by ramd recovers

CO\STIRATION
£

{ 1

Perhaps the most pasky t among hyper
tensises 1s conshipaion. This has been shown to he commonty en
countered among patients who are ghmly degressed but are contiuy
102 1o sinve in the face of sdueratty Such constipation 1» assocuated
wih 3 bypodynamc state of the colon y winch thure 1 an absence
of contractle setivity 1n the cecum 8nd pscendmg colon tesultng w
2% 55 b propel the freal contents (20)

THE MEANIM OF SYMPTOMS In BPATIENTS WITH ESUNTIAL RYPER
TENSIGY UL COVPLICATED BY CARDIAC OR RENAL FAILURE

Tt would afgear from this review of symptoms and bodily dworders
&A&h\perwx we persans extulnt 2 vanety of adaptive and provecuve
feactions evoked during strest among which perhaps the most,
pordant and certaraly fot this confirence the most interesting 1s the
hypertension

s clear however that the hypertension 13 m no sense cavsative
#1510 most 1stance, an entirely md d festation of the
#eompanying disturbance

Elserhere 1n thys volume the evidence 15 reviewed which mehieates
the pertinence w e stgation and emohion 10 the hypertenas o pracess

2 folfows that such considerations must snevitably apply 1o the man
#2ement of hyperiensive patients and of the sy mptams of which they
camplan The hypertepsive person as We nave ¥nown, bas 4 eapacst,
fadeselop and sustam anger coupled with a fear of expressing t Yhs
;ae‘(;!m\ b sitratiant 3 dot une of feeling overwhelmed o defeated
ngt:v: o tendeney to withdraw Instead he keeps s auger alve,
o ; z:msa and suppresses 1t so deeply that 1t may be yn
MHGD :Z:h Y bun ead « commonly assomated with efforts st Plaga
et eltmzzmemnce of peacetul velavions (21) 1t has been noted
\‘no\n)ug ¢ ki repressiop af Kostde expression he appears Yo be
iy .:‘e: ;egardx his ewevlatory spparstus Thus he 13 Posed
Bttt o ;‘k raned w {22) Yhese prochivities of hwpertensive
et ef iito account by the physicians in ther mapage

B
e 508 and Yarold
Wi ag oy 272 Hald & Tolit A Summary of T, 1]
FLS Sress v the Tathogenes 3 of Ensetitial Hypertens :;':;:n :\"hr]\ E;’d;;: e
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with and waithout structural dufcets of the heart and with or without
arterin] hy pertension

Moreover, venfidators function s dramatically modified and ven
tilatory efficiency mmpared Changes m the viseeral parenchymal rr
culation, notably m the hidney, may affect other vital functions
further jeopardizmg the health and survival of the organism (16)
Many of these nlterations give rise to sepsations and vomplaints and
may cause the heart to work uncc ity Thes b of special
mmportance if the myocardum or the valves are already damaged 1t
leads on the one hand to a faulty apprusal of the hearts potential
effectssencss and on the other o an extra burden upon an alreads
heavily laden organ

In subjects with structural heart disease, with or without hyper
tension simiarls studied the same relnbionship was found between
emotional disturbances and the occurrence of symptoms and signs
of cffort intalernce The ssmptoms themsclses were smaar to those
mxsociated with eardiac farture Changes in the emotional state were
accompamed by changes 1n exerase tolerance (17) Also dramatic
alterations in evercwse tolerance were observed dunng a period of less
than an hour During sustained periods of stress the resting eardiac
wmdices were commonly normal values while the indices after exercise
beeame abnormal As 1mprosement in the feeling state progressed, &
complete return of the cardiac sndices to normal after exerase was
repeatedly noted

In a group of unselected patients with paroxysmal aurscular and
nodal tachs eardia and auncular fibrilation, certamn hife situations and
emotional states were found te be most sigmfieant factors m the oc
currence of attacks (18) When the emotional reaction to an waident
was ntense, the attack was usually precspated at the tmme of the
gssoanted event when the reaction was less severe the altach was
mutiated some time later after an intervening persod of mounting
tension

PDurmg mterviews mnolving topics of great persopal signtficance
electrocardiog were fed on a group of patients with pre-
cordial plamnts They de rated not only changes w sate and
shythm but slterations mn the configurihon of the action potental
dself (19} In one half ol the patsents the electrocardiographic changes
found during an ostensibly basal state could have been nterpreted as
abnormal had they occurred during or after standard exercise tests
Prolonged and moderately severe tachycardra with nssomated T wane

) were most Iy observed In contrast standard exercise
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10 performed durag periods of relative tranquilhity produced hitle
nerease 1n the heart rate or change in the electrocardiogram and were
followed by rapid recosery

CONSTIPATION

Perhaps the most gasti tinal plaint among hy per
tensives 15 constipation ‘This has been shown to be commonly en
countered among patients sho are grmly depressed but are continu
m, to strive 1n the face of adversity Such constipation 15 assoctated
with a hypodynamac state of the colon 1n which there 13 an absence
of contractile activity 1n the cecum and ascending colon resultmg 1
a falure to propel the fecal contents (20}

THE VIEANING OF SYAIPTONS [N PATIENTS WITH ESSENTIAL HYPER
TENSION UNCOVMPLICATED Bl CARDIAC OR RENAL FAILURE

It would appear from this resiew of symptoms and bodily disorders
that hypertensive persons exhibit a vanety of adaptive and protective
reactions evoked durng stress among which perhaps the most 1m
portant and certamiy for this conference the most mteresting 13 the
bypertension

15 clear however that the hyperiension 15 1 no sense causabive
82435 1n trost st an entirely 1nd d f 1on of the
accompanying disturbance
Lhﬂsewhue m s volume® the evidence 1s reviewed which indicates
h‘fm:;e&cetunxfe situation and emotion to the hypertensive process
spemeny o ; su;h considerations must mevitably apply to the man
s T}.?;,e ensive patients and of the symptoms of which they
tod vt~ ypertensive person as we have shown haca eon ~
Ty h
g:uugh be re we oy W0 wtndraw instead he keeps hus anger shive
reogazed hPrl:‘sses adﬂd suppresses 1t so deeply that 1t may be un
ton oz the uj\'am’i:n’a:ceh rv:ummnnly associated with efforts at placa
et despute by . of peaceful relations (21) It has been noted

epression of hostile expres: s

el presson he appears to by
Rﬂd)ll;iy:s }:egards Bis circulatory apparatus Thus he 1s posed
Ptenty war, .:‘\, remed m {22) These proclivities of hypertensive
et e nto account hy the physicians 1n their mannge

Stenart Wolf
og L 5 off and HMarold G Wolft A Summary of Expenmental
© Stress o the Pathogeneus of ‘Essential Hypertensx:: mm\“hnl E: d;:l‘;e R
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Method

A group of 90 patients who came to the hospital with a varets of
complaints were selected for study on the basss of their hasving essen
tral hvpertension Wath few exceptions those selected did nat exhibit
major defects m cardiac or renal functions they were able to speah
Enghsh fluently, and they lived near enough to the hospital to be
able to attend at frequent mtervals as ambulatory patients if neces
sary No patients known to have deseloped hypertension as & com
phication of pregnancy or renal disease or to hate adrenal or pitugtary
neoplasms were mcluded in the study In one group (Group 1) there
were a few patients with cardiovascular disease as indieated by retin
opathy, cardime enlarg or eleet d aphic changes In
Groups 2 3 and 4 no such changes were noted except for shght 0-1
retmopathy 1n a fen The patients were assigned to one of 16 physt
cians at random Appomtments were made according to the need of
the patient The duration of the interviews was usually one hour,
although an occasional one was as short as 2 few mmutes During the
earh weehs of the study the time mterval between vimts was short
usually 2 week or less After 1 certam pont the interval between visits
became greater

The orentation of the various physietans and the methods they
utihzed 1 dealing with these patients were sumilar differg only m
that the special personality features of the mdividual hypertensive
patsent were taken mto consideration The procedure followed that
outhned by Ripley, Wolf and Wolff (23)

In addition to the usual medical hsstory and examnation with ap
propriate lboratory tests, the personality was studied Special note
was made of the famidy and cultural background The state of the
patzent’s health was correlated with events overt actnties atbtudes,
and emeotional responses The object was to understand the motna
tions and mechanisms of disturbed function Attempts were made to
alter the disordered pattern so that the patient might achieve 2
more adequate ubhzation of his capacities toward a greater satisfac
tion and 1 more salutary mtegration Insofar as was possible physo
logic changes qualitative and quantitative, were correlated with the
emotional reactions and bebavior pattern of the pabent under varv
g hife stuations Then an attempt was usually made o explam to
the patient what had been happening to im, order that per
plexity mught be replaced by 2 grasp of the dynamie mechamsms at
work His past experiences and reactions were mtegrated with the
present 1 order to crease maight mto his hfe adaptation
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Mo shsotute distinetions between procedures could be made and no
one method was adminstered in pure culture Nevertheless each
physician delineated as far as was posstble the treatments uscd and
the value of each

Giving reassurance and emotional support emptoy ed the human
warmth of the physician and was helpiul m enbancing the strength
fath and determmation of the patient as well as i releasing tus b
butions and repressions It impled an understanding and tolerant
attitude on the part of the physician and included recogmtion and
pratse of the assets and achiesements of the patient It also snvolved an
unswerving interest m and concern for whatesver problem or question
the patient brought to the doctor In short without becoming too
sdentified with the patient s p the physician at! d to play
the rale of  strong thoroughly dependable authomtatne but not
authontaman fellow man

The free expression of conflicts and feclngs through verbalization
promoted a release of tension aud often resulted in relie! from anciets
and resentment and in less need to act out emotional confliets m a
sooally updessrable manner Patwents repeatedly stated that the free
expression of their conflicts had given them a sense of relief and had
aded ;m an understanding that was of the greatest help to them
Many complained of not having been previously permitted to talh
ol having been told that there was nothing wrong that they imagined
they were il or that they should forgel their symptoms

Thete appeared to be no short cut n the method by which the
pattent was allowed to find out about himself by discussing humselt
franMly with a tolerant physician When direct questions were asked
bluntly the patient often felt that he was being cross examined and
20 atirtude of antagomsm resulted Whea he was allowed to talk at
hus own pace however relevant conflicts and wgmfitantly traumatie
situations were relatively easly brought out

The patients were encouraged to discuss the pdy antages and disad
‘antages of a given situation before making umnportant decisions el
g them to take independent action ded to the development ofp-
greater feeling of securty and s greater capacity to deal with en; .
problems However at certamn himes when the psychodynay siing
been dlanified direct practical advice was helpful pnamies had

pful mm enabling them 1o
break away from unhealthy fixed habit patterns Such dg
g from a physian relieved the Patient of res; bil o ee com.
so that he could male construet: ponstbility and gudt

ne d
have been delayed indefinitels etisions which mught otherwise
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The patients emotional development during mfancy, chidhood
and adult Iifc was apprased by eliciting from him 4 biographsc review
and also by allowng him to express freely hus associations with wigmif
cmt hfe events and his renctions to them The recall and wmterpreta
tion of dreums through spontantous assocrtion fachtited the un
covunng of hus emotional conflicts The feeling of secunty engendered
and the release of emotional repression anled m establishing healther
patturns of bodils function and 10 the development of more mature
attstudes and behavior

Intravenoudy adnumistered  sodom amvial was of value 1 the
alievittion of troublesome symptoms through mdng m the clucda
tron of dvaimic mechinims and the gammg of therapeutic l-verge

Considerable improvement was frequently achieved without the
verbal expression of msight Many patients who appeared to have
developed some comprehension of the dvnamucs of thewr ilness ex
pressed 1t rarely or not 1t all In <ome of these pride and a need of
feeling self sufficrent interdicted an ndmission of improved integra
tion Howeser 1t v as often conveved mdirecthy to the phvsiman

The process of recording and measuning the patient’s physiologie
disturbances and correlating them with his emotional resctions and
behavior m yarying bife situitions served to promote an understand
ing of the totad biologie response and was often followed by mmprove
ment It was especialls helpful to patsents who came to the chimc
perplexed about the nature of thar disorder or apprehensne of its
bung a serious or perhaps fatal disetse

Interviens with other members of the fimihy led to an mmprove
menrt 1w mterpersonnd relationships and a d m anxieties and
resentments at home These were usually carried out by the phsiman
but sometmes by the soeal service worker The Sooal Service De
partment, was also helpful n obtunmg employrent, arranging for
convalescent care mahing plans for the children of the patients and
currysng out follow up studies

Oceastonalls barbiturates were used to gne symptomatie relief
They were usually emploved to tide the patsent over a difficult penod
i hss sliness, and thew use was discontinued as soon as posatble

The depth or significance of the change cffected depended on the
abiits of the patient to use his resources i dexeloping 1mprot ed pat
terns of reaction rither than on the frequency of the mterviews or the
over all duratson of the pitient physician relationship

The most powerful constructive force stemmed from the abshits of
the physician and the chme to wculerte m the patient faith m hm
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elf and the capacity to g and deal wely with s
problems This wsually wmeobved a reorientation of attitude and en
taled far more than a personal attachment to the physiesan Onlv
when be had acquired such faith and confidence was 2t possible for
Tim to abandon costhv mapproprnte emesgency pitterns and deal
mote dieetly and constructively with the threats and challenges of
day to day hving

Thus although a vasety of therapeutic instruments were Loowingly
or unhnowimgly used thur effectiveness appeated ta be basically de
pendent wpan what might be loosely called a construclive patient
physician relationship This assumed that the two persons molved
were able to establish contact that the physican was capable of dis
1nterested affection and that he was able to share the apweties of the
patient without adding to them to tolerate hus dissatisfactions and
hostiities and by virtue of his own deseloped personality and stable
hfe gnentation to impart confidence that ihere was a way of hfe that
was both satisfactory and relatively secure It was also important that
ke be able to convince the patient he would not abandon hym dormg
a8 msecure moment and that he would by virtue of is trainng not

wrongly diwect hum or give lum ymproper counsel concerning his bodil
dyvsfunctions

1t should perhaps be stated i passing that the physisan did not
have to allow a consuonsly or unconseously eroue relationship to
develop with the patient 1n order to effect 2 suitable wiuence The
patient however had to feel he could completely express his fears
and guilt and discuss freely his twisted or confused drves sexual as
well 25 other It was essentiol that he feed permitied 1o divulge fan
tastes lamcl 3t was often necessary for the phyvsician 4o help him become
artinlate about an aspect of his behavior which
been given voiee never befor lad

Since hostihty susprron guilt and anger were exhututed 1n subtle

and mulitudimons ways the physietan
thert mdirect mamiestations '?hz commln’:gst! iv:re::::h ram;:h“ Mo
for appomtments breaking appomtments mahing sarmal! o late
misquoting the physician s words from a presvious jpt o ks
that anything was bemg accomplished refutng W},emiw denyng
apparent ta hum at an earlier vist o disapproviy, :t od seemed
;nnnnensm of the physicran or astiele of s cluﬂm\gg ; s;:)me Persoual
‘:\igr\e::} encountered evidence of unexpressed hastci;nw?]\hg most
m hls‘ﬁndlc:“w’kd W the priient s utterances becom; ny o
g anv utterance extremely diffiedt Ty heca:neg :}::comlc o
e rule of
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The patient’s emotional development during mfancs, childhood,
and adult hfe w 1s appraised by eheiting from him 2 biographie revien
and also by llowing him to express freel hus associitions with signifi
cant Iife events and s reactions to them The recall and mterpreta
tion of dreams through spontancous ascocrtion facilitated the un
covering of his emotional conflicts The fecling of security engendered
and the release of emotional repression uded m establishing healther
patterns of bodily function and m the development of more mature
attitudes and beliavior

Intrivenousls admumistered  sodium amatal was of value m the
alleviation of troublesome svmptoms through uding i the cluerds
tron of dynamic mechimsms and the gnning of therapeutic leverige

Considerable ymprovement was frequently achieved without the
verbal evpression of mnsight Mans patients who appeared to have
developed some comprehension of the dynimes of their illness ex
pressed it rarcly or not at all In some of these pride and a need of
fechng self sufficient mterdicted an admusston of mmproved integra
tion Howeser, it was often conveved mdirectly to the physion

The process of recording and mersuring the patient’s phystologre
dwsturbances and correliting them with his emotional resctions and
behavior mn varving Iife situations served to promote an understind
ng of the total biologie response and w1s often followed by mprove
ment It was especiails helpful to patients who came to the chime
perplexed bout the nature of therr disorder or apprehensise of its
being a serious or perhaps fatal disease

Interviews with other members of the famly Jed to an mprove
ment 1n interpersonal relationships and 1 decrease n anwuehies and
resentments 1t home These were usually carried out by the physician
but sometimes by the social service worker The Soctal Service De-
partment was also helpful mn obtaming emplovment arranging for
convalescent cire making plans for the chuldren of the patients and
earrying out follow up studies

Occastonally barbiturates were used to gne symptomatic refief
They were usutlls employed to tide the patient over 7 difficult penod
m his illness and their use was discontimued as soon as posstble

The depth or significance of the change effected depended on the
ability of the patient to use his resources mn deselopmg improved pat
terns of reaction rather than on the frequency of the mterviews or the
over all duration of the patient physician relationship

The most powerful constructive force stemmed from the abiity of
the phyvsician and the chinie to meuleate in the patient faith mn hum
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was allowed more than usual Jatitude m the matter of appomntments

and to mitiate the p steps m his g was left up tohwn
Perhaps wost was gamed {rom the physteian s assuring the patient
at app: t ts that the g t of his anger was within

hus grasp and capacity that hus ascets as well as those contamned m
the whole Iife situation were such as to allow of a more constructive
attitude that he had less need to feel resentful of deprivation rejec
ton indifference and other threats and that hence he could feel rela
tiveh more safe and secure

For a time the patient s security stemmed largely from the crutch
that the physician afforded him duning his vulnerability but the physt
ewn gradually denied the use of this crutch as the patients needs
became less promiment and his strength and conviction of safety i
creased The degree to which the patient needed to assert his inde
pendence would 1n large measure guide the manner in which support
was offered

Tnbrief the ams 1n the management of the hy pertensise person in
this study became threefold (1) to help hum feel more secure (2) ta
enable um to that he felt th 4 and hence angry and
anuous and (3) to indicate how when he did feel threatened he

nught deal with the danger by more direct and appropriate action
rather than by repression

Results
The changes effected m 90 subjects with hypertension a 4

m Tables 1 and 2 In Table 1 al} the s\xb;ec\?ue apprmser; f:;:g;:;:

of the level of their blood pressure at the tyme they were mtiall
studied In Table 2 are presented data on only those patients (39)
whose blood pressure at the time they first presented themsel )
170/100 or below so that all patients 1n all four groups ma v;s T
more appropriately compared The group designated no ch: ;e
cludes a few who either developed more symptoms and ™o i
“ascular changes or died The tables bave been so arranged s prdio
cate the changes from the mmitial state These are expressed e
(1) sphygmomanometer readings taken under smilar co dm terms b
the alterations in basic attitudes or 1n hfe onentation an‘x\l :lhwns (95
priateness or nappropnateness of the methods of deal, e
areumstances and (8) the effect. of the physiclan pahen{nglmlh e
:;;::hs::'[;t;ms complamts and a varety of other bod:leya'::: ship
reactions Ini;:dgsnEmlly grouped under the category oth e
m this category are giddiness head, o Stress

eadache verbigo
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the physician then with caution to direct his attention to his attr
tudes and emotional state, if possible to indicate their genesis 1n past
experiences and to suggest how common they were  his day to day
DLife pattern, to pomt out their relevance to lus iliness, and occastonal
ly to make suggestions as to their management and alteration for
the better

The patient was thus given an opportumty for fuller expression that
was of major value Without fear of pumishment or the evil effects of a
show of rage or hostility, he could speak out to a physician who not
only was tolerant but occupred an authontative positon It was un
necessary for the patient to act out” m a histrionie way the full
force of lus feehng Rather the physician tried to release tension bit
by ut, to assure the pitient that 1t was safe to release 1t, to imstruct
him precemeal as to the meanng of the tension, and to educate him
as to his own nature and how and why he had developed the patiern
of repressing hostility

Because of the patients tentative and poncommittal ways, the
desirability of making tments was emph d Efforts were
made to show him that there was safety m such commitments and
the spontaneous exhibttion of feelings as they arose In recogmtron
of the special problem presented by his control of, and fear of releasing
aggressive drives certain things were emphasized Spontaneous and
free d were ged the amn being the recogmtion and
acceptable expression of hostility Such encouragement i the ex
pression of hostile feelings often mvolved interviews with an asso-
ciate or another member of the family as mentroned earher, m order
to get the patient properly to appreciate his problems The explana
tion of the importance of such nssertrveness for the patient especially
when the other person mterviewed was the target of the aggression
proved to be when sympathetically received of great importance The
development also of all possible means of suitably though vicariously
expressing aggression was encouraged including sports mvolving
vigorous or even violent activity such as hunting, shooting and
boxing

The successful demonstration by the physicran that certain tenta
tive efforts n assertrve activity m a pertinent drection were safe and
unaccompanied by untoward effects was especually effective when
the patient could rely on the physician’s standing by to lend support
durng possible enses or feelings of panic Because of his suspiciousness
and sensitivity to symbols of bemg “pushed around ” encouragement
and support had to be tendered with great eircumspection Hence he
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pressures Groups $ and 4 constitute approximately one thid of H:’e
total If one ncludes the patients in categories B and € of Group 2
the number improved exceeds one half
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Ficrea 1 The changes symptoms and m other react

tions eflected 1n g0
hypertensive patients dunng a period of inte;

Tvention

An mspection of Tigure 1 based on a studv of 00 patientsy reveals
the changes brought about during the period of intervention The
seventy and number of symptoms and other bodily changes associnted
with stress were wdependent of the level of the blood pressure The

than the blood press:
deeply repressed an,
tions attitudes

more mampulatable
ure elesation whiek Was associated with more
%{er or frustration Thys o consideration of life situa
nd fecling states reduced op eliminated syraptoms
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palpitations, dyspnea muscle pams and aches constipation and
obesity Also mcluded but obviously Jess numerous, are peplic ulcera
ton, dyspepsia hyperthy rowdism, and asthma It has been possible to
group prticnts, @ mdievted 1 the chart according to whether ther
blood pressurcs wese the same or lower, whether basie attitudes weze
the swme, shghtly altercd, or fundamentally altered and whether
symptoms nd  other siress reactions’ were reduced or greathy
dimimished

From Tables 1 and 2 1t 1s clear that the po.siibities of change are
mtimateds related to the duration of hypertension This probabh re
fleets not only 4 lack of flexibthts 1n the vasomotor or neurchumoral
cquipment but also a fistty 1n fe ortentation The amount of diinge
did not appear to be mtimately related to ether the number of visits
or the tune over which the visits were spread Dinally thouph less
striking there s the relation of modifiabihity to nge Greater modifica
tion was 1ssoerated with younger age espcaally when the durstion
of the svmploms and complamnts had not been long In the lnst eatry
2 roughly apprused prognosss rating  baced on the worhk of Berde
(24) discussed m detail below, 15 grven 1t 15 expressed ns a percentage
of the possible top score of 88

It would appear that <ome alterition could be anticrpated 1s v 1¢
stlt of n constructive physician patient rdationship m approvmately
60 per cent of patients with essential hy pertension and symptoms The
bulk of these or about 40 per cent of the total were those changed
1 the scnse that they presented fewer symptoms less outward evpres
sion of anxiety and greater tranquillity than before the cxpemence
although i most of these the bload pressure was not appreeribly
lowered However even m this group a shght lowering of the blood
pressure was 1ssoeted with a dechine i s mptoms qnd o restitubion of
some degree of tranquility In 2 persons of this second group the
change w the blood pressure was striking althongh 1t 1s the opron
of the patients’ physician that despite the fact that the durition of
s change has been 2 vears, the paticnts will probably agam develop
lupcrtcnsm!\ or some other stress response i an adverse stturtion
The patients s the fourth group or these referred to as cxhibiting
major change, had been hypertensnve for redatively few vears In one
instance howener, the hypertension had been present for as long as
6 vears and the readings seemed to be faihy predictable at alt times
iurmg that period In terms of the total number of patients in Table
1 those that fall mto Groups 3 and 4 copstitute not more than ons
ftth But w Table 2 the amlyas of the segment with lower bloo

4
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sious from the study of so called placebo action that often the major
boddy changes foll ¢ upon the ad ration of a substance have
been falsely ascribed to its chemical and physical nature whereas 1
deed they were 1m no way related ta it {20)

Tt s equalls fallacious out of partialty for some aspeet of the
patient physiran relationshup to attribute toat and to manspulations
of the patient s personality speaific effects which may be based on
some enturely different or even untecogmzed component of this 1m
portant perod 1n the patient s hife both within and without the pro
tected area created by the physicran

Hence 1t 15 recogmzed that the factors offered 1n this study as most
pertinent to the genesis of essential hypertension and its prognosis
may indeed be subordinate m sighificance to other aspects of the
patient s expenence

The method being approuimately the same with ail patients whs
then was more change achseved in some than i others? It has alreads
been suggested that a vanety of factors operate 1 the potential profit
ableness of such an interchange Where 1n a larger series it nught have
become evident that greater skill expenence and penetration on the
part of the physician made for greater success 1t is doubtful whether
agy 1n the no change group could have been shifted to the major
chaoge 1t s possible that some mght have been moved from the
“modetate change to the major change group Thase tn the major
change group 1t1s apparent were ready for such an expertence as they
encountered

4 m e .
ast
bas

== wupuss ul vluer stress reactions These patients
became far more aggressive expressing freely their hostiity but were
1 no sense more secure and they exhibited through other reactions
ther own dxs'saus!achon and tension They became generally un
t kabl e p h d

able to operate effectively They conld recognize :lo a:’s\:t:\;mtl‘lus
Iife siustions and make no basic commitmyents As an exampl iy t o
other vanast of this phenomenan take 4 patient who a\p e
Presented migraime as a major disability had peptic ulccr:x!D o e
dommant feature at another Graves disease at still an u’:’“ o
gradually developed hypertensing throughout At no . g
over all adjustment improve ot hus health and satisf; o 8 s
basically alter shaction wn bfe

It 1s evident that the largest group of Ppatients were those who
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and ather stress renctions in the majonty of those with essential hyper
tenston nd im 1 few reduced the blood pressure to normotensive levels

Comment

It would appear that nithough the experiences of these patients with

their physicians yielded changes which often were superficit and less
Iy were fund tal, the return on energs evpended was

reasonably high It mught be claimed that those 1n Group 4 had never
really been hypertensive persons No evidence, however, opposes the
view that among this group are persons who had they not had ths
medical expenience would have continued to have elevated blood pres
sures nnd would gradually have become hypertensne Perhaps some
patients 1 Group 8 despite a basic reonentation and a reduction of
symptoms, had ureversible bodidy change already established either
mn the hidney or blood vessel walls in general or n the endocrine
structures Even i these however, the blood pressure durmng this
period of mtervention did not nse further

Garb (25) has observed in the course of a study of the effects of
pharmacologic agents on the blood pressure the effects of placebo
admmistration on a group of 44 patients with hy pertension He empha
sizes that this was not a balanced stabistical study since 1t was not
primantls concerned with placebo action Duning the placebo 24
minstration however and for varous periods of ime thereafter, 80
per cent of the patients exhubited 2 decrease m the systohc and
diastolic blood pressures In one half of the patients the reduction was
statistically sigmificant Naneteen per cent of the group eshibited an
elevation in the bloed pressure during the pentod of placebo admsnistra
tion A few patients responded with stnkimgly lowered levels of the
systalic and diastobe pressures wlieh remamed low not onhy dunng
the ad ration of the placebo but for several weehs thereafter
Moreover, 8 substantial number of patients reported a marhed re-
ductton mn symptoms One patient hnown to have had hypertension
for 15 vears with blood pressure readings as high as £10/195 had a»
average pressure of 161/97 during the last veek of placebo adnunistra
tion Subsequently the pressure remuned low and averaged 143/84
when the prtient had already been two weeks without ‘ medication’
With the placebos were gven words of encouragement and reassur
anee concernng the efficiency of the substances admimstered In add:
tion the patients were encouraged to discuss ther complamnts fully

Thus sn Apprasmg the resuits of the role of the physician, st 15 1
portant to recall that onlv gradually and pmnfolle hes 1t become ob
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515 15 good o poor It 15 quite ikely that he comes of a family
ich artenal hypertension octurs 1n onie or more Mermbers Alsa he
mes of a stock m which certam bodly features may be notable
ich as stockiness musculanty, energy love of acuvity lusty appe
te and obesity He also extubits m a somewhat emphasized form
ertam trats of personality such as the ready development of anger
he fear to assert or express hostility and the capacity to repress 1t
he need to placate to mamtain poise to remn ot sit on the id
nd wariness and readiness for action It 1s likely that at the tme of
1s hypertension he 15 mvolved m a situation which mahes him feel
hreatened

et despute the fact that these features are extibited by those whe
sresent the pattern of essential hypertension for longer or shorter
peniods 1 some persons with the same features there are counter
balaneing ones or because of good fortune they have not been forced
to fall back upon the hypertenuive pattern

It becomes understandable that even though two persons are as
similarly equipped as sdentical twins with proclinities toward hrper
tenswu one may be more fortunate 1m hys hife expenence and hence
<eldom or rarely call upen this reaction (27) Though both can be
demonstrated 1o Teact smmlarly dunbg stress they are not equally
threatened by the same aretmstances Ove ma) have become  sens:
tied to threats through expenence snd may by long habit vien with
alarm lesser and more commonplace threats and assaults Hence it
should be passible 4~ ol ~ £+ 1
that axe spectal
to exhubnt this ¢
andmaimtan B o o wlagumer cost

Following the analysis of hundreds of 3tems gleaned from the study

T4nir 3 Prognos s Rat ng Chart I Based on Object ve Detatls of the Patient s History

;Ngnu  ally Sigms ant Maximum Score of
etait o
Y oss ble Points Fatient
Und 40 years of age 2
ot b o
29U orced or separated 2
2
2
2 -
L aty employm o 2
Duralior of present Wl sess under 5 Years :
T tal =

/
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changed to no remarhable degree (about 50 per cent) The change
was featured mamly by fover stress mansfestations and a shght fall
m the blood pressusc There was hittle evidence that the efforts of the
physician modified the basic athitudes, although the relief of much
anxiety about the complaints and « shght lowermg of the blood pres
sure were achieved The smpression was that the patents felt com
fortable because of the attention of a capable physcian, felt less
anxious about their hypertension were able to talh more freely and
more frequently to an undastinding person, yet thewr hostihty re
mamed decply repressed and their understanding of their pattern of
behavior remaned essentsally unaltered But though through long
habit and the fity of old established human relationships, hitle
change was effected n reduction 1n the amount of headache, giddiness,
and fatsgability added to the satisfaction of Ining

As mentioned above the achievemunt of an adequale understand
mg of thesr sstuation s shown by an abiity to be vocal about it was
not stuking 1n even the most satistwtonly altered patients Yet the
new mauner in which they faced ther problems the altered pattern
of therr human relations and thewr ability to get satisfaction and make
commitments were evidence of change often absent i the spohen
word The discrepanes 1s not without precedent however for the
ability to formulate often lags far behind 1 changed behavior Indeed
the facile statement of understanding was sometumes so conspicuous 1m
those without changed patterns that we came to attribute smell sig
nificance to articulate expression

The evidence alsa suggests that many of the stress accompanunents
m hvpertenstve pattents are the manifestation of more or less overt
anviety This not uncommonly arsses from the fact that s ther hyper
tension they believe they have 1 dangercus disorder For the most
part because these anxeties and tensions are accessible symptoms
arising from them are more readdy modified than the conflits and
attstudes relited more fundamentalls to the artenal hypertension it
self The comparative ease with which other stress reactions are re
duecd or chimnated contrasts with the difficulty of modifving the basic
attitudes of the prtients and hence therr arterial hypertension The
latter as emphasized above 15 vsually 2ssocated with more of less
deeply repressed conflicts or more fived sttitudes

Prognoss

The person with hvpertension has many features which he shares

in common with other hypertensives regardless of whether hus prog



The Management of Hypertensive TPatients 483

of the 80 patients discussed here and of several hundred other patients
treated by the group of 16 physicians the factors that appeared rele
\ant to prognosis were grouped together In collaboration with Dr
Beatrice Berle a prognosis scale to be presented mn a final form
elsewhere was constructed No single factor appeared determmative
but different Weights Were assigned to sanols anes the relevance of
which to had been established by a h e review
of the patient s previous hife experience Yus personality structure s
attitudes at the tune of admission to the chinie and the circumstances
precipitating the illness and by the physicians clinica) appraisal of the
situation In Tables 3 4 and 5 are Disted the stems selected and thewr
relative weights These present briefly and with good approumation
the probable prognowis 1 terms of the blood pressure level symptoms
and ultimate capanity for a good lfe adjustment From these 1t has
been possible to mdicate the features fasorable or less favorable to a
good progoosis ‘The most dramatic changes occurred m those with
scores of over 80 per cent the least in those with scores under 50 per
cent The patients with a good prognosis obsiously had more of the
following features than did those who d1d not do well

FAVORABLE RESULTS

The patients who changed most were likely to be thase who were
under 85 years of age who had had hypertenston for less than € years
with a systohe pressure not over 180 and a diastohie not aver 110 who
were white Protestant third generation Amencans and who had both
parents iving at home untl they were at least 12 years old

Most of them also had had m their own estimation healthy and
<atisfactory Ines—perhaps until recently They mdicated that they
had had good emotsonal support from their parents and later from
therr spouses with whom they were sexually, compatible They con
sidered themselves well marned and as far as thev knew had no
erious sexual deviation or appetite Thes wanted foved and e
j0yed their chuldren They had work which they viewed as ngreeabrl.
and steady with relatively adequate salames and they cnnsxdem:l

;‘}:atdthcy were domg well Al these favorable features were not
und i any ome patient but i
Tovmlie e ] every patient that did well the

d The L&
following findings same 10n apphes to the
Upon exammnation 1t was the

physician s opimion that the
Patient:
men traymatie Ife expertences and hns

actuslls <hown by past performance evidence of good mterpersonal
onal



Tasie 4 Prognoms Ratisg Chart X Based on the Patients Appraiaal of
His Qwn Past History

Maximum Score of
Faclors Subjectnely Apprarsed Possible Points Patent

Past meccal history healthy
Some religious education
Emotioral support from both parents
Congenal sibhings
Emotional support from spouse
Sexual compatibihty with spouse
Spouse an adequate economic provider {if patient 13 & woman)
No problem of sexual deviation or appetite
Sausfactory relations with children
No housing problem
Oceupational sabisfaction
Congemal working conditions
Moderately adequate salary
buccess  finaneial or socral
Total

@
S0 10 1615 16 15 % W 18 14 10 de e 1

Tanre 5 Prognosis Betmng Chart JIT Bassed on the Physiian s Apprasal of the
Patwent s History and Personality Structure

Factorsn the Maumum Score of
Physician s Apprarsal Possible Points Patient
Evidence from past performance 10 -

Ne 4 wily to

Good wnterpersonal relations (including sexual)

Ewnd that the h and other expen

ences of hie have afforded satisfaction

Evidence Trom the persomality structure 10

Moderate fextulity

Aumimal or short lived repressed hostility

Capacity to face and solve personal problems

Active partiupation m the mye-and take of day affars
Moderate orderh and reliabi

Good Juclgment and evidence of adequate dischmnation re-
gardmg buman values and goals
Prevatling stttedes of the patient toward s sllness and has
problems 2t the time of hus admussion to the clnte
Recogmtion of the farture of present patterns of adjustment
and willingness to adopt others
Witkingness to consider the posstbthty that hie stress ath
tudes and feeling states are refevant ta hus tiness
Confidence in the physian the hospital and sts methods
Capsctty snd willingness to sssume responaibility i therapy
The extent to which a spertfic aspect of the Lfe stvation was &
factor m preamiatng the patients illness the extent to which
this speaific feature 13 modifiable with regard to the snvolied
indindual other persans aed cuwcumstances 16 -

Totzl 40

U]

482
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st Iy own pace Arrangements were made for hum to vsit his father
n Clucago where he enjoy ed a complete remssion of symptoms Be
fore he left Chucngo bis blood pressure had fallen to 138/65 Shertly
afterhn return hus diastolic pressure was still low although the systolic
reading was sighth devated 140765

i PO A 18

w:ﬁﬁc w:g:,‘; MAR APR M Y JUM SUL AUG SERT OGT MOV DS SAM FER MAR ARR M Y
1850

Frorre o T‘:;b\md pre surc chianges over a period of 2 years in an 18-year-oil

v who mitally diplayed evidences of hvpertension

Duning subsequent visits to the chm

emancipate himself from his motherl\vaz :;)Z::CXI “\ghltlllldv::::)mr: hy
l:;nthhe got a job At fiest there was considerable 1nner cm\!hct:bg\exl
o b e o a4 a0 1o st e e
other problems with her ngom:s\ a:seeum G s pont and
;?‘:[k"zp everything mside you w:: don ;llgcgl :‘;Iz:wxl; ;)::;lcl:nso iy
oht :u vou feel hetter Finally with hus mother s approval h o

o move away from home and share an apartment with a E;:::ls

His blood pres ure reman

ned low 120/82 and he

\ Concerning his experience at the clime he s:\:lv aslﬁee\?g iy
ot here by talking things over T fee} surer of m)seﬁv o been helped a
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rlatons imcluding those mvolving secual mtimacies There was aba
cvidence that their activities achievements and other life expen
ences had afforded thet satisfaction and they had made a fen majr
commitments

The personality structutes of the patients, according to the physi
cins, (\lubited considerable flevibihity not too long lasting or deep
Iy repressed hostitty, and the abity to take steps to get out of a
hole and to t1ke part 1 life activities Furthermore they were mod
erate and reliable people and appeared to have made aduquate dis
erimmations regarding human values and gonls

The pattents who did well showed a willingness to acecpt the posst
bilits that thew atutudes, feelings and hie situations might be rele
vant to thar iliness Moreover, they were willing to recogmize the
fatlure of their present nay of dealing with thesr problems and to adopt
others They epressed fechings of confidence m the physician, the
hosprtal, and 1ts methods

The Ife siturbions that formed the settmgs for thew illuess, and
perhaps precipitated 1t wore i the phvsicrans opmion capable of
modification

The f1vorable progress of one iiustrative patsent 1s detuied bedos
and graphically represented 1n Figure 2

An 18 year ofd hoy of Greek parcntage came to the chmic eomplain
g of having fiad palpititions msomnia and loss of energy for the
pst ¢ months despite a remarhabie meretse m appetite and a gain
n weight of 10 pounds Nothing rcmarkable appeared m the general
examination evcept for a blood pressure of 162/105 The boy was the
third of four sons sn a turbulent family, where the parents had been
n continual dispute Ultimately they had been dnorced when he was
11 He ronamed with his mother and lus father remumed and
moved to another ity He preferred hus fathers new wife to hus
motker whom ke considered cold and difficult to please The follow
g year his mother also remarned and thereafter displayed even Ies
wterest m him than before He became inereasingly dependent upon
Ins mother however and felt gulty because of his resentiul attitude
toward her In school he wis shy and wary and he aveided commit
ments vith Jus schoolmates at play or m school activities He even

bandoned relig obseman Jopted 2 scientific atpiude
By this he meant that he was detached and suspicious m all fus deal

ven
but never salf asseritve or combatrve In the clime he was g
discuss hus family difficulbes

wgs
muset approval and was encouraged teo
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oppouite protestations There was Iittle evidence that they recogmzed
the failure of their present way of desling with problems or thst they
were gentnely willing to adopt others Thev also exhuibited 8 relue
tance to consider the possbility that attitudes, feelings and e
sitrations mught be relevant to thewr Waess

The 1fe sitrations that formed the settings for ther finess were w
the opmon of the physiian tamutable of 1f changed would recur
sooh in Lightly altered form

The unfavorable progress of one flustrative patient 1> detalled be-
{ow and graphiesily represented 1 Figure $
w
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Fiounn 8 The blood pressure changes
oyver
man who improved brefly but whose lmmﬁrgs:r?:“ ml‘ o yearald
bugher than when he was firgt seen 4 ultimately
A 44 year-old assstant, sy
ipenstendeat of pynli
%\s;:mmttd o have bypertension 1 o reuhge e:n:h‘kﬂs 2 beea
5:1;3 Durng the terval he had had 1O symptoms I{:MIOD e
the hospital becapse Lozceried over the Lt nally con

Gnous lugh Blood pressure fmpliations of con
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UNFA}ORABLE RESULTS

On the other hand, the patients who changed hittle or not at all
were lshely to be persons who had most of the following charactenstios
they were over 40 years of age, members of 2 mmonty gronp bad one
ar both parents nussing before they reached the age of 12 and were
themselves separated or dnvorced Thev had had hypertension 7 or
more tewrs the systalie blood pressure at the time of presentation
being over 180 and the diastolie over 110

In addition they had various combmntions of the following sems
s thar backpround  They had had relatively unhealthy and wn
stisfactory lises Therr parents had been exceedingly strct or had
given them ro emotional support Later thes had not got this support
from their spouses, to whom they were not well married, often not be
g sexually compatble Manv had had frequent extramantal sexual
relationships or were p They had poor relations with their
cluldren whom they often rejected Most of them were dissatisfied
with thewr working conditions having, changed jobs frequenthy the
salary bemg o thesr estimation Jequate Thev r dered that
thes were not  downg well or at Jeast had gamed no satisfachion from
therr place i work or soctets

CUpon cxmmation 1t vas the physician s opmton that the patients
had overrencted ta the usual viassitudes of hie or had expenenced
unusually severe traumatic situttions Interpersonal relabions 1c
cording to the physician mcluding those i olving sexual mtimaces
were ususdly poor bemg superficrrl and flecung though perhaps
numerous Aost of them also gave cuidence that ther achivibes
achievements and other hfe expertences hnd afforded them hitle or
no satisfaction and that they had made no commitments or dedic?
tions
The personalities of the patients were rntivedv rigid and mfleuble
and deeply repressed hostiities had been present smce ehildhood or
earts adult hfe Although often cxeeedingly active the patients ex
hibited Iittle evidence of abiity 1o deal with the baste dufficuities o7
major problems of hife 1nd therr farjure to have ‘made commitraents 1
the absence of satisfactions mterferad 2%
Forthn—
we 4 oat
g scuin i values and goals

GFym)lt the prevmhing sttitudes of the patrents at the tme they
prcsented themsel es to the phvsiean were those of s’ae;;hcxsrg’ SU:e
picion and Iact of corfidence m him and the hospital, often desps

ue poor disenmmations regard
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Conclusion

Tt would appear justifiable from the above to infer that an interest

by the physician 1n the feelings attitudes and lfe situations of

patents with essential hypertension reduced or eiminated symptoms

m about two thirds In a few between one tenth and one fifth the

Blood pressure was lowered to normotcnsive levels for significantls af
ot indefimiely long penods
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At the time he was first scen at the New Yorh Hospital bis blood
pressure wis 100/122 He was a moderately obese ruddy faced man
and dud not appear it His manner w1s superfieially casual and fnend
Iy but also wary, tal, and susp The general examma
tion showed nothmg remarkable except for Ins blood pressure Hs
heart size ind ERG were normal, and detalded studies of renal func
tion were negative

The pitsient had spent Iis childbood with Ius erthodox Jewish par
ents from whom he was never able to get adequate approval He re
acted by reyecting the forms of the church and at 26 eloped with 2
Jewish girl of 1 more worldhy’ family He found her to be a hughly
maternlistie, mdependent and self sufficient woman who was alo
difficult to plesse She did not support s aspiritions to become 2
psychologist but was shghtly contemptuous of his actnties i that
direction beeause of the comparatively poor financial return She her
self continued worhing and ultimately became an “executnne with an
income larger than her husband’s He found her cold sexually, and
despite almost dub intercourse he found it necessary te masturbate
to reach adequate sexual gratification He nevertheless became imcreas
gl dependent upon s wife and frequently doubted liss own values
wmd wpirations and tended to adopt those of his wile

His physician on the other hand encouraged lus efforts m po
chology and supported his plan to write a thests on some of his work
When finalls late m 1947 he was at work en s thess Iis blood
pressure was norm1l Shortly thereafter however, lus blood pressure
rose 1gun m a setting of conflict 1bout an extramantal relationship
with a woman who he felt possessed all the warmth and understndmg
s wife lached Hureafter his contacts with the hospital dimmmshed
to visits only once or twice a year He was especially reluctant to puv
for Ins treatment sinee this would reduce an mcome his wifc alreads
considered inadequate His tentative and warv attitude could not be
successfully modified 1t was clear that hus relationshup with the chmic
was 1 lmted commitment He clung to the rcassurance that hus hdnet
function was adequate and he persistently unphed that the climc W
o nothung for him

ogvger the foursc of the ensmng, two vears he virtuslly abandoned
Ins aims nd wicrests m psychologs and m an effort to plieate and

win over Ius wife took on numerous extracurricular jobs for pay As
will be noted m Tigure 5 his blood pressure over this period was con
sistently hgh on the occasions when he was seen
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pressure m those with hypertension represents nothing more than
spontaneaus vanations constituting the natural history of the dis
order But my guess 15 that we have been dealing with the group that
Dr flines has brought into focus He mdicated that among persons
with the proclinity to develop hypertension when exammned after 20
years only about 80 per cent get sustamned hs pertension and the other
o pc; cent do not What 151t that makes the latter group more or less
farge!

TIs 1t possible that we can make that group larger by troducing
ourselves our good will our values and our attitudes and by helping
the patient better to understand and more swtabls to express himsel(?
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DR uEORGE A fERERA Mas I just ash Dr VWolff one question® 1
noticed that he corrected hus group with reference to the smtial blood
pressure level However, lus most favorable responses were among
vounger subjects-~those 1n whom one might expect greater labiity
and more sdaptability to psschiatric suggestion 1 wonder if he has
re anabs zed his data <o that comparable age groups hate been com
pared?

o8 worrr The D patients 1 the group that were seenungls most
altered by the desenibed management to which they were exposed are
even younger than these m the other group Ther ages ranged from
18 to 49 as follows

Hypertensives (9) Group 4

Inom) Final
Blood Blood Prognosis
Name Age Pressure Pressure Per Cent
D 18 1607105 126/65 89
¥ 28 150/20 130780 81
G 2 1507168 138788 8
R 20 170780 123780 b1
8 W 150/310 180780 38
R 3t 160/108 120/9¢ BQ
n 38 160/83 140790 80
2] $7 16/t ro/80 80
AL 49 1607100 140760 8

But there were 2 patients over 40 On the other hand, there were §
patients under 25 m Groups I and 2 Hence what you mnplt s cor
rect namelv, that younger persons with hypertension are on the whole
hetter candidates for such management than older persons But excep
trons are stnhing

1 should bike to add a few words It 1s quite possible that what I
have eshibited thw afternoon n the wav of alterations m the blood

490
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. by ROBERT W WILKINS

Recent Experiences with the Pharmacologic
Treatment of Hypertension

Treng 15 no satisfactory pharmacologic treatment for hy pertension
In part this is becaus. we do not understand the etiology of the
disease and therefore do not know how to attack st at the source In
part it 13 becanse essential hypertension instend of bemg resisinnt
usually 15 susceptible to treatment at least temporambs by many
different agents and procedures But chiefly st 1s beeause we still have
no agent that will persistently lower the blood pressure without un
dewirable side cffects Tor example the avmilable sympathols tic drugs
are nether persistent m acton nor free from unpleasant side effects
such as postural hypotension And though Veratrum vinde will lower
the bload pressure 1t does so onlv i a dose range citremels close to
that causing nausea and vomuting Nevertheless since Veritrum from
the experimental and also from the clinical pomt of view has appeasred
to produce a higher proportion of f3vorable to unfavorable effeets than
any other asaiable hypotensne agent it has been grven 1 severe
eases of essential Inpertension w an attempt to modify the natural
course of the disease Lxpertence with 1t now 15 cxiensive enough to
warrant a prehmugars discussion

The Parenteral Admmstration of Veratrum ¥inde

Atthough pure alhalords of Veratrum vimde vith potent by potensie
effects hase been prepared they are as yet of httle practical importance
because they are so enormously difficult 1nd evpensive to make More
over, prelimmary trad has indicated that they are m no way supenor
to or essentialls different s action from the less refined preprrations
Recentls highls pursfied extracts smtable for both parenteral wnd
oral use have been prepared 1 amaunts and at costs feastble for chincal
trial These are Venard (Riker Laboratories Ine) and Anatensol
(E R Squibb & Sons) The ction of these tno 1gents grien ntra
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teralls, at leact for the treatment of acute hypertensive erices and of
pre-eclampsta and pasticularly when 1t scems desirable 1o reduce the
artenal pressure quickly The hyr action and symptomatic
mprovement 1m such cases may be very stnking ndeed

The Oral Admmstration of Veratrum
Parenteral admmstration no matter how effective 15 obviously 1m
practicable for the routine therapy of a chrome and frequentls asymp-
tomatie disease ke essential hy pertension Both crude Veratrum and
1ts vamous extracts are effective by mouth However since different

batches of the natural drug vary so markedly 1n potency, 1t 1s de<irable
to have a ch lly pure or a biologieall d

y dized preparttion
Of the commercially available oral extracts, Vertavis (Irmin Nexler

& Company) 1s standardized in daphma while Venloid (Riker Labora
tories Inc) 1s standardized m dogs The acute action of Veratrum
viride en oraf admimistration 15 quite similar to that on parenteral m
Jection Gf course the dose cannot be gauged so mcely by the oral as
by the intravenous route so that there 1s & somewhat hygher norderce
of nausea and vomting (Fig 4) However in from 50 to 60 per eent
o} cases on acute oral admmistration 1t 1s possible to achiese a sigmf
cant lowering of the artenal pressure without untoward sv mptoms

AGUTE ORAL ADMINISTRATION OF VERILOID |
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venoush 13 essentially the same They are best given by slow infusion
at n constant rate (based on the weight of the patient) The aterage
dosc of Verdowd 1s from 075 to 1 ¢ microgram and of Avatensol from
008 to 0 2 microgram per kilogram per munute (Figs Y ond 2) With
this dose there 1s usually a stribang hy potensive effect withsn from 8 to
15 nunutes, commonty but not mvanably assocated with brady cardua
The infusion 1s then mterrupted or retarded so that the hy potension
may be mamtmned or allowed to moderate

Durng the hypotensive response to intravenous Veratrum the
patient may remam entirely asymptomatie, or may, if the drug 1s ear
tied too far, complam of burming mn the throat or epigastnum and
even of nauses and vomimg However, with careful regulation of the
dose 1t 15 usually possible to avord or mmimize such unpleasant nde
effects and still abtain a by potensive resg In 45 acute ad tea
tions of Verntrum carried out as just descrbed, the blood pressure
was lowered m all but 1 (a patient i the terminal mahgnant phase),
without vomiting in alf but 8 and without nausea m ali but 10 In 28
of the 45 experiments (62 per cent) the lowenng of the artersal pres
sure was 50 mm Mg or more svstolio, and 20 mm Hy or more dinstohie
(Fig 8)

The results so far with the mntravenous and imtramuscular admmis
tration of Veratrum vinde mdicate that the drug mav be useful paren

[ VERILOID ANATENSOL
O 10 Frrgmen ana o2 Enema
© Yo 014

ol \
ARTERIAL 19

aa Ater

Fetors 27 Beor

Ficuns 8 A composite chart of the systohe (upper group mdlcnh:ld by s::::

bats) and dustohe (Jower group wdicated by open bars) artern pr;ssm p

sn 10 hypertensice patients before and after mtraycnous \erdme((i{ an
patients before and after sntravenous Anatensol, as aot
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months to one vear after the beginning of oral treatment he may
be considerably less certamn than he was mtially that the drug 1s
lowenng the patient s blood pressure There are at least several reasons
for this First the natural course of the blood pressure n hypertensive
disease 15 so vanable that the longer the pemod of obsersation the
more unequisocal must be any lowermg of the blood pressure to insure
that 1t was not due to chance A prelimmary tnal of frequent (at least
daly) home blood pressure measurements has indicated that this
method of study may show more clear cut results with Veratrum
therapy than are obtamable by the usual method of weebly or monthly
office measurements Second continuous oral Veratrum at best has
only a moderating mot a curatnve effect on hypertension allowing the
blood pressure to vary over ranges as wide as even if lower than
before Third Veratrum does not mamtamn a sigmificantly lower pres
sure 1n many pattents parhicularly those with chrome severe hyper
tension  without causmng at least occastonal nausea vomiting or
collapse stde reactions which to many patients are intolerable Fourth
s liume progresses some patients apparenty become more rather than
less susceptible to the as pared with the hyy
effects of the drug requining a reduction 1 the dose to below the
effective hypotensive range

The substitution of placebos after several weeks or manths of
therapy has been made with a number of persons and with most has
resulted 1n 2 rapid nse of the blood pressure to or above the pre
treatment control levels Occasionally however the blood pressure has
not returned immediately (within 48 hours) to its previous levels so
that now 1t 15 considered necessary to allow at least one week on
placebo therapy before judgment 15 made as to the effects of th
regimen compared with the treatment by the potent drug Such l\)s
servations preferably made by means of frequent home blood ol
sure measurements must be continued and enfarged before final Pr:;s
ment 15 made as to the long term eflectiveness of contin S
Veratrum treatment i hypertensive diseas uous oral

e

o™ . Symptoms during Y eratrum Therapy
e unpleasant sy mptoms caused by
monly are related to the upper gnslm)m::::lz:lﬂ::::tna:zeln ment com
pegpermmt taste n the mouth salivation burmng 1n th c“]:,s‘s‘ ofa
s!u m:temum or the epigastnum and nausen and \omeltt e
‘{m:‘:u:;s :‘re the most frequent causes of limitation fngh These
& Grug 1s giwven istravenously thege sympmm: n:me ?ose
0st in
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By sigmifieant lowermg s meant a decrcase m pressure of at least 50
mm Hg systolie and 15 mm Hg diastohe

In ar ettempt to prolong the hy potensive effects of Veratram vinde
over a period of days, weehs, or months the drug has heen given four
times a day (after meals and at bedtime) for periods up to three years
Even with hughly purified and biologienlly standardized extracts surh
as Vemiord, the cffective mamtenance dose vares tonsiderably from
patient to patient In addition 1 any one patient the dose s highly
eritical Lecause the differences between the nonm hypotenste, the
hypotenstve the emetic and the excessively hypotensite doses are
small Thercfore, the proper dose can be determined only by cautious
chreal trml Obviously this would be done best 1n a hospital where
the blood pressure can be mensured frequently and the factors en
hancing * spontancouts anations usually e mimmzed Howeser, it
often has beett necessary to snstitute the drug m ambulators patients
with observations only at weckly or even at monthly mtervals

Using Verdtowd, the ordinary hypertensive patient 1s started on 29
mg four timcs a dry with mstructions to increase teo of the doses
(after brealfast and before bedtime) to 30 mg unless burning
nauscs, or vomtting appears i which ¢nse two of the doses (st noon
time and after supper) should be reduced to 10 mg A dose of Venlowd
of less than 60 mmg a dav 1s usuathy completely meflectual in fowenag
the blood pressare As time goes on 1t mav be pecessary to increase
the dose after hreahirst lunch, supper, and at bedhme respretovely
to40 30 30 and40mg orevento50 40 40 and 50 mg A dose
1n exeess of this amount cven when tolerated by the patient usually
s not morc effective m lowerng the blood pressure

Given 1 this way oral Veratrom causes sy pifiewnt hypotensne
ffects mtially (for a peniod of from days to a few weeks) i at Jeast
50 per cent of patients This was to hare been cxperted from the pre
lirinary observation that on acute admimstration the drug caused
hvpotenstve cffeets without symptoms in tbout 50 per cent of cases
Thus the uspal experience with oral Verdowd, for example 1 that on a
total duly dose of from 100 to 188 m2 there 15 o defimite hypotensive
offert for a period of wecks, as compared with the control pentod
Dunng this tume the physicion as well as the patient may feel very
much wneouraged about the trentment

As the oml admmstration of Veratrum for the treatment of esxen
il hypertension 15 prolanged over a perod of several months the
cimend results mav become less rather than more satisfactory Thus
+f the physieian cnitically Teviens the records of Ins paticats from six
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e s 10 one yeor after (he beginmng of oral treatment he may
be cynsiderably less certmsn {ban he was mtinlly that the drug 18
Towensy the patient ¢ blaod pressure There sre at least several regsons
Tt First the natura cowrse of the blood pressure in hyperlensive
disease 18 50 vanable that the longer the pensd of gbservation the
wore vpequiacal must be any lowenng of the blood pressur ta insure
{bat 1t was not due to chanee A prelymmmary tmed of freguent (st least
vy home blood pressure measusements has rodirated that this
wethod of study may show more dear cut results with Veratrum
therapy fhan ate gbimnable by the usual method of weekly o monthly
office measurements Becond vontmuous oral Veratrym at best has
ory a moderating not & curatise effect on hypertepsion allowiug the
hod pressure to Vary oser ranges as wide as even il lower than

tefore Thard Vegatsum does ot mamtain a sigmficantly lower pees

sure w many papepts particularly those with chrome sesére heper

lfeztign without causing at feast occastomal nausea vomiting or
coiagee side xeactigns which 1o many pitsents are sntolerabie ounth

83 hme progresses ome patients apparently become more roYher than
e sacepadle to the nau eating as d with the hy ,

efects of the divp Tequinng & reduchion 1o the dose 1o bdlow the
efective hypatensive rapge.

mfie slébﬁhtuhon of placebos after sescral weehs or months of
m:_}tg:j as been roade with 2 number of persons and with most has
oy nteu 3 rapid tise of the blood pressure to or above the pre
i P:mzzntm( {evels eeassonally however the blood pressure his
e tmptediately (nthin 48 hours) to its previous levels o

W 2t i eon<dered d‘;xeceaxars to atfow at {east one weel on
judgment 15 made as to the effects of this
::ﬂrx:z; ::\m;:fred b\mh the treatment by the potent drvp Such ob
e preferably made by means of frequent home blood pres
Tent 15 made g5 mza ugfzb;ng ferm i’? e o o ol oy
Yerimm treatment an h)nertcnslvccd;::szmess of contipuous ora)

Paceho therapy befose

Thess ’Ims‘j!f'mmam duning ¥ eratrum Therapy
ol arn “\&\':(‘5\3:"‘3‘0"1‘ caused by aral Leratrum treatraent com
FDermn tasge g m“gppf‘: gastromntesimal tract and consist of a
Y o eprga:; . saftvation burning, 1o the threat the

Prptoms ure ghe Tnost h-en ot o auses, aid vortng These
‘hen the dryg quert causes of humatation of the dose
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Biver wtsavpnst dy these symptoms almast in
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varsably follow, rather than precede, some lowunng of the blood pres
sure The same 1s trte on acute oral admimstration Howeser, on
chronic oral adi ration these sympt may appear without any
appreaisble lowenng i the blood pressure or may oceur suddenly on
the same dase schedule that previously had caused no difficulty
Furthermore, on continued oral admsmstration as alreads mentioned
such symptoms may become more rather than Jess annoying and se
quire reduction of the dose to below an effective therapentic Jevel

Attempts to reduce the gastrointestmal side effects of Veralrum
have been only partly successful The use of slow dissolving prepara
tions orally appears to be defimtely helpful Dramamne iz & dose of 50
mg three times a day has seemed of mild benefit 1n some patients but
of none n others Atropme 1s sometimes effective 1 lessening the
nausea if grnven before vomiting occurs The mal tnal of Banthine
w oral doses of 50 mg three tumes a day lins been helpful wr allowmg
cestain patients to tahe Venlowd in Iarger doses than was otherwise
possible and so to achieve hypotensive effects that previoushy had not
been obtamed Work 15 continung on tlus problem

A second group of symptoms that mias appear on Veratrum theripy
seem to be related dircetly to its hypotensie effects Thus duzmess
or weahmess and 1 sense of tingling numbness stiffness fatigue or
coldness of the extremities may come on at the peak of the drugs
action Although postural hy potension 1s not a usus} accompanment
it has been observed with excessne doses of the drug If the hvpo
tensive effects of Veratrum are too great they may progress to actual
syncope or collapse By this time the patient 1s almost mvanably
vamting and 1s extremely distressed Hewever such rerctions appesr
more alaxmng than dangerous, and to date so far as 15 hnown none
has resulted fatally

The most common symptematie improiement noted by hyperten
sine patients on contmuous oral Veratrum theraps 1s a feehng of
snereased strength and endurince For example a woman may clean
her house for the first tune 1 months or 2 man may go back to work
Tndeed 1t 1 possible that such smereased actsvities may account for
the equiv ocal hypotensiyve effects obtamed 1n some patients Exploanne
headaches of o throbbing character have been relieved or abohished
and famal flushung and blotchimess of the neck have disappearcd
Symptomatic jmprotement when 1t oceurs, 1s not always associated
with an appreciable lowenng of the blood pressure and, therefore, 18
&ifficult to evaluate For exsmple, there are a group of patents who
refuse to take the drug m doses sufficent to cause significant hvpo
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fensave tifects beeayse of the assaciated unpleasant side effects but
continué 10 take 1t 1p reduced dosts, wsisting that they have sympto
watie poptovement Finally, 2 good proportion of pavenis have 8o
symptoms whatever either off of on the therapy and whether or ot
ther blood pressure 15 changed

Combtnations of Therapy

Efforts 1 ths laboratary have been directed cluefly at deternunmng
the efficacy of Veratrum vinde alope as a therapeutic agent w hyper
tension Lherefore patients have been mstricled to conbinve thewr
ordinary diets and pot to tabe any other form of treatment whide o
e deug, Howener, o few patients have been cartied on with combina
twous of therapy For example the drug has been given along with 2
«alt-free et and has also bern used after a susgicsl sy mpathectoms
which has not had the desired hypotensive effects In addiion com
Binations with other drugs especially sympatholytic agents hase been
toted with Veratrum To date the drug bas not seemed ipcompabible
oft (he contrary has seemed if anythung to be more effective when
used with these other forms of treatment The drg bas also beer
given fredly to paents who have been digitalized with no untoward
effects Further with combmat

P

of therapy 15 wrgen‘ly
neeaed and 13 being sought 1n our o®p 2y well as 1 other Iaboratores

A Case History

A brief case istosy 15 given to Mustrate @ dong torm clinucal tral
of Yeratrum a0 o hypertensive patent and some of the difficulties that
may be encountered (Fig 5 Moy B ¥ & Jewrsh housewife aged
51 had had known artensl hypertension Tor B yezrs when she way
Be-f seen m the Hypertension Chne complarwng of marhed fatigue
nerousness #nd frontal beadache Physical examination vevealed
‘madetate ohesity Grade 1 hypertensive retunopathy ang a Wood
sure of 2407120 Lut no other abnormalipes pod pres

Loentgcnographie and eltetrocardio;
Trart xnd Ysboratory studies p$ e blzzp'::m:x:‘:t‘{“ﬁfast o b
gave resulty afl witun normal hmite Her blood pressure ‘:\Thm
cold and postural stimult were abnormally sregges Qedt ¥ Ponkes to

Dusning » 8 mosths' contred o

rerod op &
blood pressure remamed dlevated betsreen g‘?});;om::: ;:;;:fg ét"
She

ated untd it ranged between 200,100 ang 179 /55 The yatowst ruporiod
POTLE
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R W treated ntermittently with Verloid placebos and a combnation

of Veniloid and Banthine as noted

marhed symptomatic relief with freedom from headache fatigue and
nervousness IHowever because of one episode of vomiting she volun
tanly discontimued the therapy, and her blood pressure rose to from
200/105 to 210/110

She was promptly placed on placebos but her blood pressure re
mained elevated between 230/110 and 200/100 She then reported 2
gradual return of her previous complunts of fatigue headache nd
nervousness along with episodes of flushing After 7 weeks on placebos
Vertlowd therapy was resumed without her hunowledge but with =
prompt return of gastromtestinal svmptoms and no rehef of her com
plamnts In spite of encouragement she tooh the drug wregularly and
1he blood pressurc showed no further change Therefore after 10w eehs
placebes Were 1gawn given with relief of the gastrointestmal sy mptoms
but with an jnerease 1n fatigue and nervousness At the end of 1 month
Vertloid therapy was resumed 1 1 dose of 110 mg « day along with
Banthine 200 mg 2 dav There was prompt rehef of her onginal com
plunts without any gastromtestinal symptoms The blood pressure
ranged between 200/100 and 170/90 Efforts will now be made ton

crease the dose of Venlord
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Comment
Ttk the miormation presently avadable no one can predict with
certamly the ultimate place of Veratrum vinde 10 the therapy of hy
pertenston However one can state that until something with superior
pharmacologic properties appears \eratrum will be tried parenterally
or even orally 10 2 number of patients with acute hypertensne cnses
when 1t <eems desirable to lower the blood pressure quichly The situr
tion with regard to the chromic oral use of the drug 1» considerably less
clear than with the parenteral and much more work 15 needed In its
prasent forms oral Veratrum vinde 18 s triichs and trouble ome drug
This seems to be chiefly because of the cntical dose necessary to ob
tan hepotensive without nauseating or collapsing effects Datients
at best hase to le themselves to 1 unpleasant symp
toms mdeed some patients use these symptoms as 2 gge of dosage
In those who have severe hypertensive disease especialls with serious
symptoms the occasianal side effects of the drug seem defintels pref
erable to the symptoms of the untreated disease
Our expenence so far with Veratrum has convinced us that it 1s the
tmiost effectise pharmacologic agent now avalable for lowering the
blood pressure of hypertensive patients There 1s no question how
ever that m its present forms the drug leaves considerable to be de
sired Of course there 1s always the hope that pure alkaloiwds or new
dernatives will be made which have a smoother and wider range of
hypotensive actiuts without unpleasant side effects Also 1t 15 pos
sible that certam agents used m conjunction with Ver frt o il be

ones
uue Lo d at | f e
“ v e lo be used at least for experimental studies

and the chimeal rehiet of severe cases of hypertension
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R W treated mtermittently with Verdoid placebos and a combmation
of Verdoid aud Banthine as noted

marhed symptomatic rchef with freedom from headache fatigue and
nervousness However beciuse of one cpisode of vomitmg she valun
tanly discontinued the theripy and her blood pressure rose to irom
200/105 to 210/110

She was promptly placed ou placebos but her blood pressure re
matned clevated between 230/110 and 200/100 She then reported 2
gradual return of her previous complunts of fatigue headache and
nervousness Along with episodes of flushing After 7 viecks on placebos
Veriloid therapy was resumed without her knowledge, but with 2
prompt return of gastramtestinal symptoms nd no rehel of her com
plamts In spite of encouragement she took the drug irregularly and
the blood pressure show ed no further change Therefore after 10 wechs
placebos were again given with rehef of the gastromtestinal symptoms
but with an mncrease m fatigue and nervousness At the end of 1 month
Venloid therapy was resumed in 1 dose of 110 mg 2 day along with
Banthine 200 mg a dax There was prompt relief of her onginal com
plants without any gastromtestimal symptoms The blood pressure
ranged between 200/100 and 170/90 Fflorts will now be made to m

crease the dose of Venloid
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on the bram stem However they also stmulate the vagal nucler and
the emetic center Thns accounts for the reduced beart rate as well as
the nausea and vomiting seen 1n patents grven the ergot alhaloids Ii
the dose of enther the natural or dibydrogenated ergot allalods s
creased 1 an effort to produce a more complete mhibitton of sympa
thetic reflexes the direct stmulant action on the hypothalamus brings
about a nse 1 the blood pressure which may be most disconcerting
Blockade at sympathetic ganglia has sumilar himitations of speaificity
mn that most ganglionte blocking agents mnhibt transmussion through
both the sympathetic and parasympathettc systems This Jeads to a
d d gastnie ad e mn 1 motility, etc as
well as to peripheral vasodilatation
On the basis of the above considerations 1 would make 2 strong plea

that current studies be particularly directed to those agents which act
penpherally It 1s only at the penpheral t

p 1T that
the sympathetic nervous system differs sufficiently from other divi

sions of the nervous system to allow a good possbihity of bloching
hetic activity nction 1n particular without eom
plicating cross reactions mvolving the central nervous system and the
parasympathetic dnvision of the autonomic nervous system
DR S/BLEY W HOOBLER {ANN ARBOR) In regard to Dr Nickersons
remarks and to shed some ray of hope on the situation as far as drug
therapy 18 toncerned we have studted protoveratrin a denvatie of
Veratrum album prepared and ongmally studied by Pr Krayer and
Dr Melman which appears to be without any nauseating or emetic
effects When given intravenously 1t bas about the same circulatory
effects as Dr Wilkins has desexibed for the other types of veratrum
alkalods I don t kpow the pharmacalogie explanation for the absence
of emetic properties but T do know chingeally 1t 13 quite effective on

the blood pressure and has not 1n an:
y of our cases——we have
more than 50 or 60 njections—ca AN

used any nausea or vomt:
there may be some hoj re withons
pe of developing a veratru;
this very disturbing side effect, o demvatave mtbout




Questions and Discussion

DR WARK NICAERSON In connection with the use of drugs m the
management of by pertension the pumary objective 1s to deternine the
etiology of the disease, a problem which we discussed m detadl on the
first day of this symposiun, and thes to develop agents to combat the
basic physiological derangement We have not reached this goal as
yet A dary empirical approach is to reduce sympatho adrenal
activity This 15 the basis of the surgical treatment of hypertension
Dr Snuthwich has presented evidence mndiwcating that sympathectomy
will ameltorate the condition and prolong the ife span

As I mentioned earlier there are a number of ways s which drugs
mav reduce sympatho adrenat actiaty I think we should not neglect
the basic phar: logical and phvsiological information regarding the
mechamsms by which various agents produce this effect

The veratrum athalords act refleshy They simulate receptors located
primarily 1 the Ieft ventricle and lungs From these receptors afferent
wnpulses are carried to the bram stems We must not forget that the
parasympathetic and the sympathetic pathways are mterrelated with
i the central nervous system Thus 1 reducing sympathetic activily
by a reflex mechanism, the veratrum alhalords almost mevitably also
merease parasympathetic actnvity The latter secounts for the de
ereased heart rate and the nausea and vommting which commonly ac
company the sdmimsstration of effective doses of the veratrum afha
fords Tt 1s perhaps too much fo expect of an agent acting reflexly that
1t should differentiate between the parasympathetic and sympathetie
systems Consequently we muy antiipate that separation of the un
desirable side effects of such agents from therr therapeutic action will
be difficult if not ampossible

Agents which zet within the central nervous system have the same
dwsadvantage, I bekeve The ergot alhalods fall snto this category
They may whibit sympathetic vasoconstrictor reflexes by ther action
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Sixteen years after the work by Ambard and Bewujard Allen and
¢o workers (7) found a low salt diet to be effective in lowenng the
blood pressure of some hypertensrve patients Like the French work
ers they thought that the eflectye feature of the regimen was chlonde
Testriction

Subsequently other workers failled to confirm Allens re
sults but none of the studie

S was extensive enough or well enough
controlled to confirm or deny Allen s views
The introduction of the Tice frmt diet m 1044 by hempner (8) con

stitutes the latest attempt to control hypertension by dietary means
By the use of the dyet i3 ongmator obtawned a significant lowering of
the blood pressure 1n 62 Per cent of 500 patients with essentra] hyper

tension he also reported marked mprovement m the ey egrounds

eversal of abnormal electrocardiographic patterns and diminution 1



. . by CARLETON B CHAPMAN

Some Effects of the Rice-Fiuat Diet m
Patrents with Essential Hypettension

Tug behef that restriction of the salt wtake 1s beneficial to patients
suffering from sarous tepes of cardiovascular renal disease 1s by no
means new  The linege of this notion, with special reference to the
treatment of hypertcnsion goes hack at least to the first half of the
nmeteenth century Table 1 shows the developments that probably
mfluenced Ambard and Beaujard (1) who were the fmst to observe
that salt deprivation muv produce a dechne m the hlaod pressure m
hypertensive patints The most disect hime of reisonmg began vith
Redtenbacher (2) who in 18,0 observed that the excretion of urmart
chloride was mchedly dimumshed 1n patients suffermg from Jebrle
distases Salhowshis work (3) brought the odium ion onto the scene
and von horanvy (4) estabhshed the fact that there s> retention of
chlorsde 1n pattents with cardiac fatlure One of the most significant
experimental contrnibutions of the period hes buried w the 1ojumnous
Yrench medical Iiterature of the Inte minetcenth century Scarcely two
paragraphs long the report by Carnon and Hallion (5) presents proof
that the mycction of small quintiues of concentrated salt solution
m1y produce severe peripheral and pulmenart edem and even death
m oypermental wmals Severad jears later Widal and Lemierre (6)
1n effeet confirmed Carrion and Hathon s results by adding salt to the
diets of patients with Bright s disease Thus and other work by Yrunch
workers led divectly to the study by Ambard and Beaujard The thera
pentse emphasis wee placed on restrction of the chioride aund not the
sadm 1ntihe Parallel developments procecdimg concurrently 2il thas
time mcluded the concept of essential hypertension and the use of
the shimmed mulk diet The latter measure was m fact the finst at
tempt to limit the wmtake of salt and fusds as a therapeutic adjunct
although its ongmators had hitle or np paderstanding of s effective
feature
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the body the methods descrbed by Bebnke o2 ol (1) Rathbun and
Pace (12 19} and Mozeles o2 ol (14} were cmployed it 6 of the sub

jects These methods require measurement of she weught of the Lody
mar of the ane hand, 2 the wegh* of the body under #ater on the
gther Frar these valvee the valume displacoment of the body can
Yo cateutated of the emount of reg dua’ atr 1 the lungs 12 known Tha
atter was measured by meass of the open fircutt technique Hince the
speusfic gravity of the body fbedy werght/valume diplacement)
vartes wversely with ats Jab cordett gt approximation of the weght
of the taied boly I\ can be w24~ anee the speaific grasity bas been
deteramed The estraceliglsr furd solume and plasme volume werp
estunated by the thweyanate method snd the Evans biye dj¢ tech

mqll‘x; Tespectively

m these fey mersurements it 13 possible to caloutate §

suate compovtian of vhe body 1 termss of weight Th?b:nuh:t:iz:::u
fo secount for about 4 per ceat of the narmal adult Yody weght and
this ﬁg\:e was used 1 the present colewlations Tt 1g gssumed on

asonably good evidence that under the conditions of these axpery
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the size of the heart 1n many of his patients (9) The dret crused Joss
of body werght m most of the patients, maimly, according to hempner,
because of diminution i “wvisible and snvisible edema * In his hands
the diet did not mduce negative mtrogen balance, although it pre
sides o daily sntake of only 20 gm of protem, all of which s from
vegitable sources
Since hempner’s carlier articles appeared almost all of his clawms
for the diet have been questioned by other wnsestigators Some ob-
servers doubt that the diet exerts a specific depressor effect on the
blood pressure in patients with hypertension It has been shown that
1 some patients, at least, the diet mduces negatine mirogen bolance
10}, and the suggestion that the diet 15, 1n reality, 5 semstarvation
regumen has been made repeatedly The occurrence of the salt deple-
tion syndrome in some patients recerving the rce-frnt diet has recent
Iv been held to indicate a need for d tion 1 the therapeatic
use of the measure
A final evaluatson of the rice frint regimen 1s not y et possible partly
because of the lach of basic mmformation concerning ts effect on the
human bedy To hout inquiry to the effect of the regimen on the blood
pressure lone 13, for purposes of evaluation, obviously madequate
Such drastic dietary bmstation 1s almost certam to produce mportant
h 1 body position which n turn may determune whether
or not the diet 35 therapeutically practicable The foliowing work
done 1 collaboration with Drs Thomas Gibbons and Austin Hensche),
was undertahen i an effort to throw hght on some of the changes the

diet may induce

Method

Eight male patients with well estabhshed, moderately severe essen
114} hypertension were selected for the studv (Table 2) All had more
or less mcapacitating symptoms of which headache was the most
frequent, but none had an elevated blood urea mtrogen or other signs
of renal msufficiency  Four of the 8 men complamed of dyspnea on
exertion (in @ it was the chief complamnt) but none had frank con
gestive falure

Basically, two diets were employed The standard hospital diet pro-
ided 8000 calories 100 gm of protem and 8 to 12 gm of salt per day
The nce frmt diet as used m the study supphed shightly more than
2000 calorses, 22 gm of vegetable proten and about 20 mg of sodum

r da;
peFor Zhe measurement of the specific gravity and of the total fat of
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ments, any change in body weight that may have occurred as 1 rosult
of demunerahization of the bones was relatncly msigotficant  The
weight of the mactine tissue compartment 1 cileulated s follows

weight of {3t 4 wught of bones 4 woight of extracellular flud (m

eluding, plisma volume) Vehen the weght of the mrctive compart

ment 1 subiracted from the total body weight one obtains an approu

mate value for the weight of actine body tissue This compartment 1s
composed mounly of musele tissue but meludes small amounts of other
tissue components (for exumple fibrous and glandular tissue) as well

The order of the evperiments was not constant m il the subjects

but im armbly meluded 4 prolonged control period durmg which the
standard hospitd diet was ginen, and 1 test penod, dunng which the
nnmodificd rice frint dict was emploved The effect of adding sodnm

frec protem to the ner frnt diet was tudied m 5 subjects, and the
effect of salt supplements (10 gm duly) m S subjects In 4 of the
patients the evtreme monotony of the mee fruit dict necesatated the
substitution of 4 less rigtd low salt diet dunng 1 40 dav furlou h from
the hospital Thus low salt diet provided 2000 calones 70 gm of pro

tem and about 400 mg of sodwum per dvy When the patients re

turned to the hospital for the final phases of the stud; the standard
rice frint diet was resnstituted for 1 period of 20 days before the use
of salt supplements began

Results

All the subjeets compluned of the extreme dietary restnctions mnde
necessary by the rogumen but 1 general there was surpusingh hittle
evidence of discontent durng the cvperiments One subject {C M)
deviated shghtly from the diet which may or may net acount for the
fact that his blood pressure remuned unchanged throughout the ex
penmunts The effect of the rice frmit dict on the ssmptoms of which
the subjects complamed mtally was salustary Headache was marked
Iy dmmmshed or abolished i 6 of the 8 patints There was Juss m
pressive improvement in sumptoms other than headache In Figure 1
2 dramatie f111 n the svstolic and drstolie blood pressures when the
vice frmt dirt was admimstered 1s stea During the 44 day control
perod the patient’s blood pressure was quite labile but at no time
did 1t approach the upper lmits of normal The addition of salt free
protem (Lonolac) to the diet had no effect on the blood pressure
Follow ing this, the patient was maintuned on the low sait diet (sup
plving about 0.5 gm of sodwra per day) for 4¢ davs The mce fruit
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diet was then remstituted for 2 3 week perrod at the end of which
tune salt was added to the diet The blood pressure promptly rose,
and severe headache returned The werght curve is of greatest snter-
est, 1t steachly declined durng the nce frmt chet periods, but was
held constant by the addition of protesn to the diet

TFigure 2 shows the changes that took place 1n the swme patients
boady composition A companson of the second column with the first
shows what happened after the patrent had received the rice frmt
diet for nbout 40 days He Jost 83 kg of body weight of this loss, 6 14
hg was m the form of fat 178 hg 1n thiscyanate space and 04 hg
m achive body tissue (mamnly muscle) The addition of protem and
small amounts of salk to the diet stopped the Joss of active tissue, but
the loss of {1t continued Use of the nice frst diet plus 10 gm of salt
4 dny brought 1 return of the symptoms and sn increase m the thio
cyanate space

Figure 815 very sumlar to Figure 1 although the drop m the blood
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pressure was less dramatic than i the previous instance It did how
ever, reach the upper hmits of normal after the patient had been on
the rice fruit diet for about 40 days The changes in body compost
tion (Figure 4) were similar to those i the previous patient, although
the loss of fat wis less marked

3
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In a third pitient the blood pressure did not decline significantly
although the weight curve was almost 1dentieal with that of the other
2, 1 was the effect of the admnistration of salt The changes 1n body
composition were identical quahitatively with those previously shown

In patient J M (Tigure 5) there was 2 dechne 1 the systolic pres
sure, but little change the diastolic The loss of body weight was at

t the sume rate as m the other patients and was halted by the

1bou
shows n complete failure m that

addition of salt free protemn Tigure 6
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continuing Joss of Wet,ht as long as the uomodified rice frurt dict 1

emploged Tn the cghth subjeet the blocd pressure was unnffecte
although there was spme rebet of symploms (T ble )

Descussion
There ¢an be no doubt that the nice frust diet produces 1 decreas

m the hlogl pressure of some hypertensie patients It 1s known,
course that hoypitalizahon ttsell frequently cauces 1 deckme 1n th
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Tapzx 3 Chanpes 1 the Composition of the Body 1n 7 Male Hypertensve Subjects
Attnbutable to the Rwe-Frut Diet

Weight in Kilograms
Total Body § G of Body SCN Drv Total
Subyect Weght Kg  Body Fat Space  Bone Inactive  Active
LA
Control 377 1035 2384 17ss 351 4463 43862
hn\!; 98 80.3 1020 1987 183 3451 3618 Hu
Contrat k2] 18 1888 1818 303 3815 7%
" Ig‘ 38 87¢ 1060 1234 1435 304 3028 37387
Control %1 1.080 738 2283 300 sstg 4191
A%FSB 878 1088 408 1852 860 W58 £33
Control 7R 1,058 15.02 1780 309 3664 4116
!':Fss 684 1064 11es 1512 809 20.84 5938
Lol ¢
Control 787 1048 1943 1755 315 4038 3832
RF 46 B84 1057 ue2 1645 315 3562 Hu,%
I M
Control 762 1044 20.57 1925 305 4287 3333
RF 45 [LE] 1052 1330 1703 305 3540 st
cr
Control 63.2 108 448 1840 2353 28.36 e
RF e3 506 1550 253
Average change
m kg total —~B.85 ~3$63  ~269 ~732  ~1%8
Average change
m kg/week —147 —D 50 ~047 ~128 ~0 10

wore The symbols RF 38 RF 48 ctc indicate the number of days after the st
tutign of the riee-frut dret 8. G refers ta speafic gravity SCN to thocyenate

blood pressure of such patients but in the present study there was oo
decrease in the resting blood pressure of the 8 hypertensive subjects
after the first fen days of the control periods Day to day vanations
1 the blood pressure, some of which were relatively large were noted
throughout the experiments but such changes were not systemalic
Comnaident with the stitution of the nce frst diet there was ap im
pressive decrease 1a the blood pressure of 4 of the 8 subjects In 2 of
the & the blood pressure returned to normal levels and m the other
2 the levels were approaching normal when the experiments had to be
discontinued The addition of 40 gm of sodm free anmal protein
to the dady diet (in 5 subjects) did not affect the blood pressure The
depressor effect of the rice frt regimen was neither abolished nor
enhanced by the measure considerable doubt thus bemg cast on the
justification of the low protein feature of the nce frut regimen Ou
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he other hand the addition of 10 pm of salt to the dmly d\tlb;xo:
ubjects produced a prompt rise 1M the systohe and duastolic e
pressures as well as a prompt return of unusually severe headache an
oms

mlCe;nfr{:::‘m a1l § subjects was a steady loss of weight which began
ymmeduately after wstitution of the rice fruit diet and continued at
the Tate of shout 15 kg per week until the diet was bandoned or
modified None of the subjects in the present study had sisible edema
and determination of the thiocyanate space during the control period
indreated that only 1 of the subjects (H H) had a sigmficant 1
crease 1 the volume of extracellular flmd Judging from measurements

amounts of active body tissue lhese findings sre similar to those
obtamed m normal young men by the use of a serustarvation diet
(15) 1w that body fat and probably active tissue were cansumed for
the production of energy They differed from those due to senustarva

tion 1n that the nce fruit diet produced a defimte deche in the thio-
cyanate space a phenomenon that 13 doubtless attmbutable to the
1ow sodium content of the diet The loss of sigmficant amounts of active
tissue by 3 of our subjects suggests that 1n some 1f not 1 all of the 8
subjects & negative mtrogen balapee prevailed The abrupt cessation
of weight loss when salt free protemn was added to the diets lends
credibility to thus view Furthermore 1t 1s not unreasonabile to believe
that any human subject recerving the nce fnt diet begins Yo lose
active hody tissue 1 sigmficant amounts of the dret 15 contrmued long
enough

Also common to all 8 of the subjects was a decline 1n serum choles

terol levels This result which was noted previously by Kempner and
by Schwartz and Mexlis 13 at vansnce with the clam that serum
::::‘ssteml levels m the human being cannot be mfluenced by dietary

Summary

Tl‘le nee (nn:. diet nduces & lawering of the Bood pressure and an
o n some hvp € patients Tt gl
duces a rap:d loss of body wesght a result that may be dem{se):’n
::eh ‘pahenls In the earlier phases of the treatment the loss of
ght 1s butable 1o a Joss of extracellul flwd
and of
there 13 probabhy 2 significant loss of actine body tissue ‘;s t‘:;HL’al"l::
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Tanss 8 Changes i the Composition of the Bod
y 1 7 Male fypertens: h;
Attnbutable to the Rice-Fruit Diet yperienine Siiecs

Weight 15 Kilograms
ToalBody 8 G of Body SCN Dy Total
Subject Weght hg Body  Pat  Space  Pone ITnachive  Active
La
Controf 877 1045 23%4 1238 851 4488 4362
X\Ig 38 803 1050 1027 183> 351 3618 HIT
Control 8 1048 1898 1618 204 815 W
ng‘ 58 676 1060 1084 1385  sof 3028 9787
Coatsol %1 1090 736 2283 300 3l A
R 1{1‘}-‘ 33 85 rom 106 1837 300 @548 4207
Control e 1058 1505 1790 09 3605 4118
Cixlé-‘as 85 4 1084 nas 151 309 2081 3938
Control 87 Jo48 1868 1755 815 038 3832
5 RF 46 684 1057 1402 1845 S15 3362 478
M
Control "62  10%% 2057 1945 305 4287 383
RF 48 66¢ 1052 1530 1705 30 3540 5100
ce
Control 633 108> 448 1840 255 2335 %944
RFe3 L1 1450 258
Average change
mkg total ~855 ~463 269 ~732 128
Average change
wn hg/week ~147 —080 047 —125  ~g10

wore The symbols RF 83 RF 46 etc indicate the number of days after the mstt
tution of the nce-frut diet S G refers to speific gravity SCN to Buocyanate

blood pressure of such patients, but 1 the present study there was no
decrease 1n the resting blood pressure of the 8 hypertunsive subjects
after the first few days of the control periods Day-to-day varations
1n the bloed pressure, some of which were rlatvely large were noted
throughout the experiments but such changes were not s3stematic
Comnerdent with the mstitution of the nee fruit diet there was an
pressive decrease m the blood pressure of 4 of the 8 subjects In 2 of
the 4 the blood pressure returned {o normal lesels and i the other
 the levels were approaching normal when the expertments had to be
discontinued The addition of 40 gm of sodwm free ammal protem
to the daily diet (sn 5 subjects) dsd not affect the blood pressure The
depressor effect of the mee-frmt yegimen was nesther abolished nor
enhanced by the measure considerable doubt thus beng cast on the

justification of the low protemn feature of the rice frut regimen On



Questions and Discussion

DR IRVINE MCQUARRIE (AIINNEAPOLIS) \[y research ascociates and
1 are greatly interested m the data presented by Dr Chapman and his
colleagues because they are consistent with the results of experiments
of another type which we obtained some vears ago I take the hiberty
of presenting here some of the latter which demonstrate the hyper
tensive effect of an excessive intake of sodum and the antagonistic
role of potassium This studs which I wish o report very bnefly
grew out of the chance observatson that one of our 14 year-old boys
L R after being brought out of 2 precomatose state mamfested an
ordinate cravng for salt e smd I dont want any more sugar
with the msulm I want salt

At first while on ward rounds I explamed his craving for salt very
ghbly as being due most Likels to the fact that he had vonuted an
undetermined number of tines and had thereby lost hydrochlone
acid He had not perspired excessively and had no signs whatever of
adrenal msufficiency  After hus diabetes was under pood control it
became apparent that a loss of chlonde from vomting was not an
adequate explanation He still craved salt and so was adoitted to the
metabolic ward for investigation 1nto the cause of this craving When
allowed to consume from a weighed contamer what salt he required to
satisfy his abnormal taste 1t was found that he mgested as much as
from 800 90 gm a day and of course drank extra water also Special

eluneal tests for adrenal wsufficiency were found to be quite negative
and the craving for salt wag d

d b,
ged by the ration of
adrenal cortical evtract

Throughout the period of study the basic diet which contamned
;\\g\\\\y wore than 1 gm of sodum and 1 gm of potassium n 24
ours was kept constant The msulin dose likewise Lept constant
%33 set al 3 Jevel that would permit continuous muld glycosuna for
!::\H'L;lnteresl at the time centered Yargely on the effect that vanations
- e electrolyte mtake might have on the diabetie glycosuna I will
g0 1nto that aspect of the study here except to say that the degree
517
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semustary ation feature of the nec fnnt diet mav be sigmificantly mod:
fied by the addition of an adequnte amount of protun which if pro
vided 30 2 sodium free form doss not nterfere with the depressor
tffeet of the regimen I'mally, the use of the mee frut diet does not
m 2l probability, constitute a therapeutic werpon agunst the came
or causes of essentinl hypertension The diet 1s of importance i that
it provides the investigator with a relatively stfe means of lowermg
the blood pressure for fauly long periods of ime m sore hy pertensive
patients To the chmaan 1t provides a temporiry means of relieving
symptoms attributable to hy pertension but 1t 25 1 measure that s
dangerous 1 some patients 1nd 15 curitne m none
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An adequate expiznation of the craving was never found but s
mtensity 1 known to have decrensed somewhat at 2 later tme A
pomt 1 the family history which was revealed belatedly may be
sgmficant The patients older brother was veported to be a sait
craver and was sad to have heen under medical care for high blood
pressure at the Veterans Hospital

That the effect of an excessive intake of sodium chlonde on the blood
pressure 18 not pecubar 1o persons afincted with an sbnormal craving
for salt 13 mndicated by less dramatic data from studies on other dia
hetie patients treated similarly (Figs @ S and 4) These latter figures
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of glycosuria was sigmificantly decreased by the excessne mgestion
of sait Qur exhiaration over this latter observation was dampened
however, when 1t was found that comeidental with the apparent 1m
provement m the carbohy drate metabohsm the patient’s blood pres
sure had mereased from average basal \alues of 114 mm Hg systohe
1nd 75 duastole to 185 systolic and 110 diastolie The results of one
such studs are presented m Figure 1 You will note that the hvper
tension induced by this high sodum, low-potassium regimen disap
peared followmg withdrawal of the extra sodmm chloride This falf 1n
pressure comerded with exeretion of the extra sodmm chloride and
water which had been retamed during the period of excessive mtake
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Dﬂel 2 3 4 5 6 7 B 9 10 11 i2 13 14 15 16 17

Frevas 1 The effect on the blood pressure of mgesting excesste

amounts of sodim chfonde (64 gm daily) together with & ::w

potassum diet Subject L R an wsuln treated d:sbﬁtm g

aged 16 years (The dala represented m this Sgure ?leh m the

three following are tahen from I McQuarrie }‘ H Thompson
andJ A Anderson J Nutritien I 77,1836}
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Body weighlthg )

Systolic 8 P (mm HY)

- "’—“’
Pape™ g’

~f' e,
2 DostlcBPmmbg) TR

gt

NoCl (gm)}

Qs | 2 3 4 5 6 7 B 9 10 111213 14 15 1617 18 19
Froene 4 The tie effect of ot artenal hy
by a Yugh sodwm Yow potsssym repmen Subjet H E 2
14 yearold msuln treated diabetie gurk

snduced

results 1n redueing a pressously elevated blood pressure undet the nce
fruit diet We lpter modified the dret 1a 5T of {Bese patients by the
addiion of meat and vegevahles with successful raantonance of the
lood pressyre levels m 23

Ye have bad po difficulty with excessive wetght loss m our pabisats
on our low «alt routires Int some instances i has been nece sary ta
devise methods to ipsure an adequate jotabe of food One such method
was to propare the food with » blender and reduce it o hgwd Toym
Ve found that pattents who were nr ot o ~

= v wyad wopht loss on the
Wi rostine Since our pabeols mere ambulator private patients

1t was impossible to follow them up wsth complete laboratery studies
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35 prpry aR} y
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Froune 8 The effect on the blood pressure of 2 lugh sodium low potassium
regumten compared »ith that of a hugh potassuun low sodium imntahe Subject
D R o 12 yearold gl with anld diabetes no wmsulm used

as well s that of sodium must be taken mto account m studies redat
g to the effects of electrolvtes on the artersal pressurc

b M Jat FLIeSE (MIanvr) It ws a1 plesare to hear Dr Chapman
report hus results on 8 patunts trexted for by pertension with a low
salt diet and to note the carcful controls curried out on his study

In o publestion® we deserthed o2 c1ses treated with 1 mee frunt
routin, of which group 20 ebtuncd 4 successful reduction the blood
pressure Subsequently 14 of the 3¢ patients were grven ¢ modification
of the nice diet with the addition of met wnd vegetables Of the 14
given tns modified diet 10 muntamed a succcssful resull

Tn 1950 we presented in additionsl 64 cases before the Iords Medt
b Assowation at thar Apnl meetng and our over all resufts werc
better than m our smitral study Torty eight cases obtamed suceessful

*Gouth M J 40 "1-728 {(September) 1947
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this morning about the effect on serum cholesterol levels I must pre
sume that 1t 15 I that am beng musquoted by Dr Chapman to the
effect that the blood cholesterol does not drop on a diet of this type
This 15 not what T aid to set the record straight I smd one can put
patients on a Jow fat low cholesterol diet and the blood cholesterol
maj or may not drop

Tn many cases esen though the blood cholestercl does not drop the
level of molecules m the S 10-20 class will show a sigmificant reduction
What I pomnted out was that since these molecules represent a very
small fraction of the total cholesterol even though this level of the
molectiles draps m half one may not <ee 1t 1n a total cholesterol deter
mmation

‘But there are many many cases on & Jow fat diet nothmng like the
Kempner nce diet that according to the routime technigues show
very marked and significant drops m the blood cholesterol

DR cHAPMAN I merels wish to set the record further nght there
was no muquotation at all T did not attnbute to Dr Gofmsn the
notion that 1t 1s ble to serum chol 1 Jevels by
dietary means That 15 a stat t that has appeared 1n the It

overand over agmn It was my mmpression that that notion was alluded
to this morming

. ::seregards‘the other material that was presented I do think 1t ourht
0 be ne nt

still
BOM

“ sts ot compromised remal function As t
McQuamne s maten e,

2l T have no comment to make main
ly because
we have no information on the potassium antake of our patents
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Nevertheless, i the studies that were made we noted a reduction m
the blood cholesterot to normal levels, a return of excesste non protets
nitrogen to normal lesels and no tendeney toward anemia

From the standpownt of chnical evaluation m our successful eases
there were mproyement i the subjective sy mploms mnprovement 1
the vaseular changes noted 1n the ey egrounds, improsement i electro
cardiographic abnormalities a loss of edema, and 1 general a better
physical concitson n the patients after treatment thsn before the
mstitution of ditotherapy

Some of our earhest cases have now been followed for § sears and
have maintamed improvement It 15 potenorthy that on the baws of
mortality only 2 of our patients have succumbed both of these from
causes unrelated to eardiovascular renal pathology Three of our un

ful cases have bed, 1 from mal t disense 1 from

coronary disease, and I from & cerebral vascular acesdent

Durning the Jast year we have deviated from the strict niee routine
and have been utihzing the 200 mg sodum diets recommended by
Drs Grollman aud Harrison and others Qur primary difficulty with
these diets has been the of a sodwm countent Jow enough
to obtan results partieularly since we have been deahng with prvate
ambulators patients who are compelled to supervise thewr own diets at
home

In regard to the danger of our low sodwm dsetotherapy in hyper
tension we have noted only 1 patient who showed e idence of sodium
deprivation This patient was taking mercurls and ammonm salts
1 an attempt to wmcrease lus ebmunation of sedwm In the majouty
of mnstances we have avoded the use of these medications and believe
that the diet ss safe for use 1n private practice

1t 1s recoguized that perhaps same of our patients chest from time
o time and that therr sodwm intake 1s somewhat hugher than the
previous 200 mg which we have spectfied 1n our routme However i
many persons an tntake of 400 or even 500 mg daily does not produce
an wmerease m the pressure after the hvpertension has once been con
trolled by the more rigid routines

Some of our patients hase had pressures of 250 systolte and 150
duastolic mm Hg Vie have found that m mam such caces an ultinate
result of 150 systolic and 90 diastohe can be obtmned with the low
sodwm diets In others, wlile the prescure may not return to the
normal Jevel benefits accrue in both subjective and objective findumgs

that make the routine well worth while
pr yOnN W coFaran Jnasmiuch as Iwis the onlt one wWho spohe




Pyrogensin the Treatment of gt ypertensian oz0

ELECTROPHOR ULTRACENTRIFUGE PATTERN
ETIC PATTERN Or LIPOPROTEIN CONCENTRATE
Fiovs 1 This figure dlustrates the large beta globuln peah n the electro-

phoresis pattern and the large number of S 10-20 molecule  de cribed by
Gofman 1 the ultracentnfuge pattern

Eleetrophoretic studies carned ovt m phosphate buffer pH 78 1onic strength
{016 Ultracentrifuge studies carned out using density of 106°3 {Density
adju ted with NaCl 5 times the concenteation present n serum )

‘Treatment until the past 15 years wag almost entirely expectant In
1934 Dr George Heuer performed anterior nerve root sections on G
of my mahgpant hypertensine patsents (1} Dr E V Allen had told
me about the prdiminary results of operations that had been mihated
by Dr Alfred Adson Dr G E Brown Dr YW M Crag and Dr
Allen on patients ™ith essential hepertension Thewrs was surely pio
neer work

At that time we were blissfully unaware that malignant hyperten
siom Yater was 10 be made a contramdicntion to operation T think the
reason we chose the malignant bypertensives was chieflv mv fear
But Dr Heuer who had never done the operatson or seen 1t done had
not the lightest qualins about hus abihty ta perform st withput ms
hap And this proved to be the right view After operation 1o ms
ereat sarpn e o reversal of the e)eground changes occurred rapudl;

the blood pre sure fell and no sigmficant detersoration 1n renal fun)c



by IRVINL H PAGE ROBERT D T4YLOR
and A C CORCORAN

Pyrogens m the Tieatment of
Malignant Hype:tension

Mavrenant by pertension 1 1 discase which seriousts endangers hie
and usually suns sts fatal course withm twa vews The urgency of
treatment 15 therefore uvderstandable Measures become acceptable
to the patsent and the physieran which under less trymy circum
stances would not be entertamned It 15 n thes hght that we wew the
treitment of malignant by pertension + sth pyrogens

But first I want to define what we mean by the mahgnant svn
drome or mahgnant hypurtension It 1s 4 svadrome usualls engrifted
upon pre enssting essential fypertenston Although  may appear
without prior cardion aseular disease Artersnl pressure is peraistenth
greatly elevated espeanils the diistohie The eyeground changes are
usually charetersstie consisting of popiledema  exudates, hemor
rhages sascultr sclerosis and constriction wnd ederyy of the retna
Erception) cuses occur m which the evegrounds are not mvolied
Hematuna as usuadhy present at some stage s well as protemurn
Renal biood flow and renal exeretory function mav be almost normal
at the ontset but become umpasred at an extraordinardy ripid rate
There 1s electroeardiographic and rountgenologic evidence of progres
sne hyperiensne hewrt ducase The beta globulin fraction of the
plasma protemns s relatively wnd 4bsolutels elevated even after ex
traction of lipids The ultracentrifuge pattern shows 1 high medenee
of the supposedls atherogenic S 10-20 hpoprotem malecules m the
plasms An esample of these abnormal Trsehy wwd ultricentniuge
patterns 15 shown m Digure 1

The lows of bods werght s progressive and strheng While the course
of the disease 15 iregular most patients dre withm 2 vears though
some fitve been huown to hive s Jong 1s 11 Spontaneous remission
s occurred 10 a very few but the number 1s 2itogether too setnt
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Since st was well known that fever fowers the blood pressure the
restlts with kidney extract could never be convincingly attnbuted to
anvihing other than uts fever produemng qualities We were however,
able to show that the blood pressure fell 1n some cases even when
fever was blocked by antipyretics It was al<o known from the studies
of Chass et ol (6) that the renal vascular bed dilated when fever
was ehcsted and that antipyretics did not prevent the dilatation

Measurements of renal funcuion in both hypestensive patients and
dogs with exp tal p hne hypert {Corcoran and Page
4) showed that the 1njertion of these hidney extracts over long periods
of tme caused an mncrease of diodrast clearance and a decrease i
the ratio wuln/drodrast clearance which peesisted long after the
Iast elevation of hody temperature These changes were imterpreted
as doe to mereased renal blood flow and a decretse in the proportion
of water removed from the plasma by glomerular filtration The
mechanism of the chauge seems to be relaxation of the tone of the
glomerular arterioles both afferent and efferent

In the past week an excellent study by Stamler et ol (5) of the
effects on circulatory dynamics of abscess formation m dogs has ap

z‘r‘ared The authors show that this acute inflammation causes no
ne - L

1o a

wnauee 1y too hnd an increase in the renal blood
flow which may account for a sigmficant portion of the decreased
penpheral resistance A change m the cardiae output does not scem
mportant under these particular circumstances as it does i patients
ven pyrogen It 15 evident thatl more work 15 required before the
h of the hyp ve aetion of p

ek gens and nflammation js

The careful work of Bradley et of {7) has shown that

mehn yn bref expeniments i both normal and hypcrtcnslvz f:t?re:::

gc;:en amidopyrne to prevent fever causes profound hemodynam;e

m‘b:gl: ‘The cardiac ovlput was increased as the result of an merease

n the pulse rate and stroke volume as Groliman (8) had found
Ppatients given typhoid vacene The total penpheral 1 3

Creased In normal suby o mee de

ects and m some hy
pertensives
thanges m the penpheral resistance and cardiac output r;::;r::m r‘z
bl

n adequate mumtensnce of the
artenal
sives the artenal pressure fell own, T b other byperten

g 1o a fall 1n th
The renal vascular bed exhibited relatively greater v:::;x;‘::i::: l&\ll
an
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tion was observed (2) For a while it scemed as though this operation
were the answer to the problem of malignant hvpertension But with
further expenence it buwame evident that not all patients responded
and that after one to several years, many had reverted to the pre
operative state, and the disease pursued its mnexorable course

With the mtroduction of the surgical procedures of Dr Smuthwich
and the late Dr Peet, the operatyye msh was reduced and the operation
re established as a treatment for mahgnant hypertension with hopes
of success Indeed, Dr Smthwichs figures show some of the best
results 1 this group, so that it rught well be debated whether sym
pathectomy should not be tried as the first assavit on the disease
Currently our opimion 1s that pyrogen should be tmed mitially, but this
is contingent on the assumption that the results with pyrogen will
be as good as or bitter than those we have already obtamed

Kempner's retinal photographs convinced us that the rice dict also
had to be considered a possible treatment We, among others, have
duphicated hempuers results i a few patrents Unfortunatels, there
1 & large rusidue of patients ncluding 8 we studied 1 1944-1945 who
da not respond to the rice diet and go on to death without remssion
of vasenlar disease Qur own expenience has been considerably greater
with the drastic low szt diets because of our behel and we thumh
partial proof (Corcoran et ol 3), that the chief ment of the nce diet
15 its extremely low salt content Undoubtedly some strihing results
are obtained with these Jon salt diets, but again there 1s a goodly rest
due of fartures and, so far as we hnow no wasy short of tnal to separate
the potential fedures from successes Aud it must not be forgotten
that diet requires several weeks’ trinl before the outcome can be pre-
dicted These weehs may be crucial ones and if fadure 1s the serdict
there may be hittle renal function or time feft for tral of other methods
of treatment

Ten years or more ago with Dr A C Corcoran Dr Robert Tavier
and Dr O M Helmer we were led to approach the problem from stlf
another angle, namely, the mjection of extracts of Kidneys Most of
you know that we held and stilf hold the view that there1s contamed
m the kudneys an antipressor of inhibitory substance which lowers the
blood pressure You also hnow that we have still not been able to prove
this, though much suggesttne evidence has been accumulated One of
the maim sources of confusion was the oceurrcnce of so enlled “re-
actions’ to the ijected hidney exiract consisting chiefly of back

ache fever atd severe Byvpotension
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3

Ficvre © Eyeground photographs before and after the successful treatment
of mabgnant hypestension Suth pyfogen

Jimon may be greatly mmprored Hematurn and protelthuna may
lessen sharply or disappear The sbility to concentrate wrine and the
reast Bloud flow may be temporanly depressed but later may be
rstored not only to control lesels but toward normal - Tubular mass,

EY] { by para te changes but littie The arten)
pressuse stowly falls and may reach normal levels Lut after a perod
of weeks 1t tends to re agamn After the discontinuance of treatment

1t may even return to its pretreatment level without the reappear

ance of the signs of the malignant phase of the disease (Big )

The selection of patients for pyrogen therapy depends chiefly on
carefyl appran ol of renal funchion This must be adequate to excrete
para aminohippurate a% a rate of at least 35 mg per minute per 173
sq m at body surlace or to Loncentrate urme to a speerfic gravity of
1020 or above If the tunctional valuey evceed these the widrepread
sascular disese 15 more likely to be reversed b3 profonged pyrogen

and a of the mal sund oma -
Carg ~*
done
sodin 3 yily &)
Tn addition to the physical sequirements there ave psyehologient
ones a3 weéll The patient must be mtell

enough ta app t
the sigmficance of hos disense and hepme wihngly adjust to the in
cohvemence of prolonged treatment and to the disconfort of re
peated fcbride reactions T he lacks th

15 willingness s
or drastic low <odium diets may be tried 3mpathectomy

The best type of pvrogen ta em
ploy has not heen established W
hive used a vanety of them xnd come onlv to very preliminary cone
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the rest of the crculatory svstem Whether the sime changes occur
m our patients after prolonged trertment with pyrogen has not heen
determaned

Dr Taylor and I (9) studied 1 wide vanety of protems mjected
nto renal hvpertensive dogs m the hope that further Iight might be
thrown on the subject When fever and leucocytosis occurred the
arterial pressure usually fell Attempts were then made to estract
Iy potensive substances from pus and leucocy tes but with mdifferent
success The reactton of the body to the pyrogente substance seented
to be 1 necessary prerequusste to its hypetensnve action This 1s thus
trated by the well known fict that an abscess no matter what the
wnfecting orgamism n both patients and dogs, 15 one of the most
effcctive ways of lowenng the blood pressure hnown We therefore
trred 4 number of ways of producing abscesses m patients True, they
Iswered the pressure but the whole thing had to be abandoned as im
practicible But we cume awav with a healthy respect for the hypo
tensne quabties of tissuc reachion o srritants of the fever producing
sort

The nevt step obviousls was the use of bactersal pyrogens given by
semn A number of these were tried without its being demonstrated
that one had any great supenonty over another An unfortunate out
come of intravenous tretment with hilled ¢y phord baciflr led us wway
from the mjection of particulate pyrogens At thnt time Pyromen an
expenmental water soluble pyrogen, was bemg prepared by the Bax
ter Iaboratories tnd was made avadrble to us This extrict s the one
subsequently employed by us nd his proved to be quite stticfactory

Let me descrsbe to vou how the pyrogen 1s used m a typreaf patient
who responds and then we shall be 1 4 position to discuss sts diffi
culties and shortcomings

After 4 long a contro! perod m the hospital as cap be safels
tolesated by the patient—~1nd this s usnally 1bout 1 month—single
miravenous Hijections 5 or 6 days weehly are gnen m amounts suffi
crent Yo cause a 11s¢ 1 temperature to 101°-103° I' each dav The fisst
dose1s 05 cc of 4 solution contunmg 50 gnmma of sold per cc There
after the amount 1s determined by the temperature response of the
previous dey I tolerance does pot develop, treatment 15 continued as
Jong as improvement 1s obseried The average length of ume before
a change 1 the patient mav be noted 1s from 2 to 3 weehs, and treat
ment 15 usually contrmued for from 6 weehs to 8 months

The retmae first <how smprovement especially prpilledemr fol
Towed by resorpton of hemorthage and wmuch of the evadate (Fig 2)
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dusions The coceal orgamisms were discarded as a source because
patients felt excessively 1ll following their mjection Killed tubercle
bacills often 1nduced chrome draming abscesses when 1jected ntra
museularly Typhoid bacilli nduced hematuna and possibly focal
nephntis 1n € patients and hence was not further used The need 1
for a powerful pyrogen which does not produce tolerance

n patients with moderate signs of the syndrome and where a long
period of hospitahization 13 impossible for whatever reason lumbo-
dorsal sympathectomy 18 our choiee This offers o reasonable chance
that the disease will be arrested for from 2 to 3 years

-
-
)

4

Fictae 4 N rays of the heart before and after th, @
maly

e successlul treat:
gnant hypertension with pyrogen reatment of

concumrently (B ) such drugs as Venlod should not be gven
Among th

g the first group of our patients {10) 19 wih malignant

and
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Frovre S An exsmple of the successful treatment with pyrogen of a pahent
wth malignant hypertension The solid dots on the artenal pressure scale
represent weelly averages of blood pres.ure measurements taken twice dady
the triangles represent single measurements as an outpatient The eyegrounds
ate graded on 8 + to 4+ scale The remamder of the scales are self
explanatory Between the two arrows from the 51st to 55th month
pyrogen was given
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hypertensive heart dssea = ‘The major changes for the bcllvi‘r mn th]c
eyegrounds and heart occur more gradually from 2 to 4 months uslml
Iy bemng required The patient 15 then treated ss though one with
es egtual by pertension

1 peed hardly say thts 1s an unpleasant treatment 1t 15 expensive
af hed space n the hospital and of the patient s time The degsee of
fexer ehated 1s a helpful guide to treatment and unless extremely
distressing which 1t seldom 15 1t need not be suppressed by anty
pyretics But considering the danger of the disease to the hife of the
patient 1t 15 a steall price to pay forats benefits

With this record 1n the past what then of the future® Clearly, the
problem of tolerance to exogenous purogens of the type used must
somehow he solved ot only does the devcdlopment of tolerance
gradually interfere with the chinical res but sts ewstene
the patrent s diseomfort by making 1t necessars to avoid the use of
antpyreties untid the dav s manmum fever has been recorded What
1s required 15 2 stable soluble pyrogen of known composition and 1n
definitely reprodurible efficacy There are varous evidences thit the
prrogeme agents formed at the <ites of exudation i the body differ
from exogenous pyrogens n that thes do not cliait tolerance Consist
ent with this View were the prolonged chimcal responses we obsers ed
1 pattents with cold abscesses or with empyemas Unfortumteh these
matenials are diffieult to prepare most of the preparations are grossly
mpure and relatively msoluble and thewr study s onls begmning
However as they become hetter characterszed st mvy be that pyro
gewe preparations of stable reproducible fever producmg qualiies
can be prepared and should this be the case treatment with pyrogens
can be robbed of many of itz discorforts and uncertamtics by the
simultaneous use of Pyrogen and antipvretic
b S e e s

ot excretory eaparity 15 above 50 per

cent of normal regardless of the severste of

han
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Fievnr 5 An esample of a parhially suncessful treatment with pyrogen At Pyr
pyrogen was gnen Three months later 1t was stopped and 2 mev dict was
given folloved 2 months later by a drastie Jow sodwm et

hapertension were treated Bost of these had been m the hospital for
3 wecks or more before treatment was started In some ¢ases we should
have preferved longer control periods s 1n our management of essen
tul hypertensives but the downhill progress of the disease preciuded
1t The blood pressure wverages m these patients did not show se great
a fall m the control peniod as 1s common m patients with essentind
hy pertension

Nine of this original group are stidl alne an average of 44 months
sinee treatment was stopped Fre discontimued treatment gamnst
advice and have since died of cercbral hemorrhage the other five died
of cerebral hemorrhage 10 to 37 months after treatment was stopped
1y
In a later group of 10 patients 6 did not respond well to treatment
This 1s 1 lagher proportion of non responders than m the former group
The pyrogen used had been changed and did not seem satisfrcton
but we cannot be sure of this Some patients show onls small rises m
temperature tien 1t the begmning of trevtmunt and these e lewst
hikels to do well

Treatment should be continued =5 long as the signs of malignancy

ontmue to regress These are usually n the followang order papil

fedema hemorrhages and exudates poor vision hematurn protem
uria decretse wm renal blood flow and decrease 1 concentrating power
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swen masawve thromboses of the e and femoral vessels Ve had
{hese comphications even 10 muddle aged pereond

Of couree they had vascular isease Lut as we studied the response
w0 fever we found that 1n the precinfl stage, 1f one watches the capl
famies 1 The ot bed and the corpuseles gong through them there
1 » pepod where wreylation virtualfy censes 1t was presumably ot
this pomnt that the thromboses aceurred In the {ebnle stages the or
culabion 1ncreases tremendousty Theretore 1 should thnk that wnh
(s Torm of treatment 11 o person did hiave  good denl of vasculas
dusease here \bere or dsenhose he would be subject to the hazard
af senous thrombons at a certain phase of the reaction

S WILLIAM KUBICEE (\MIwNEAPOLS) 1 certmnly emjoyed Dr
Pages complete frankness 1n thus discussion I was xemnded i the
course of 1t of & few pomts that might be ol interest contermng Vhe
questhon of Abe roechamsn of the changes in the renal arculation
The questian 1s whether the pyrogen stsell or the metease s tempern
ture causes the mcrease 1n the renal cireulation

Dr hottke apd I took some wnterest 10 this problem <ome lime ago
and beng m the Department of Physieal Medicme we of covrse
ought of the duthermy machine {o increase the temperatuse

We apphed duthermy heat to hypertensive patents by sanous
types of diathermy machmes We noted ether no change or & de
erease in the yenal aveulation This result caused us eventually 1o
stop the expenments for we¢ feared we nught be causing damage to
the kidney twsue Tnasmuch ns 1t was slready someshat damaged
80d the zeereasc g temperature would ynerease the metabohsm and

T ¢ decrease tn the 1 would probably be dangerous
‘mgv;ri;‘:&?mwm““ duthenny whick 1s by means of the older
- elect::.lnly machine where Jarge pads are placed on the shin
applied & pad me»cl“;rm‘t’;d“ T Srectly through the body Sy
the bady tempemlux: 4l domen and one over the bach aud ntreased
e Mt and we noted a decrease i the crenlation

“Theu we tried the short wave dathermy with an duction coll 1n
c‘::z}xshvosmans, agan we produced the satne decrease i tbe rennd
2hon Y wrapped the eoil yround the neck of the patient, think

Zi(::!::v ;:‘: ctould possibly merease the temperature of the wia)

T s de!u ncreasing the temperature directly over the kdney
i creased the cizerdation through the adney

Y prunary concern here 1s the possible danger of ncteaung the
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bR ARLIE R BAwnES  You hnow, as X histen to this discussion I am
reminded of the old saving that a medical man 15 a physican who
knows a fot about diseases but hnows hittle to do about them and a
surgeon 1s & physician who doesnt hnow much about diseases but
could do 2 lot about them In this discussion it looks to me as though
the surgeons have the advantage so far

pr REGINALD B MaTiwick I know I have already smid too much
but I can t help taking this occasion to disagree with my good friend
Dr Page 2 hitle but regarding the treatment of malignant hyperten
sion

If the dingnosis 1s based primardy upon eveground changes and sf
the patient still has good renal funchion I certamly would urge that
that patient be operated on as the treatment of first choice These
operated ¢ises have really done very well In the survival curves that
I have shown you about 50 per cent of our patients with malignant
hypertenston were altve from 5 to 18 vears after the operation They
are composed of the group that sull had satisfactors remal function
as well 95 those that had verv poor renal function to begin with ¥ I
should seprrate the cases accordmng to the status of the kadney at the
time they were operated on the survival rate would be very very
high~from 80 o 90 per cent I believe for patients with satisfactory
renal function On that ground I should fee} that one certamly ought
not to waste any time operating on these pitients

1 should hke fo ask Dr Page ene question 2bout the potentsal hazard
of these febride episodes Years ago T had 2 httle expenence with
pvrogens At one time I wrote a couple of articles about the treatment
of penpheral vaseular disease by mtermittent mjections of typhoid
saccine We found after « while we had some catastrophes in the
nature of coronary thromboses and corebral vascular acerdents and
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temperature and consequently the metabolismy of damaged kdnev
tissue without wereasimg the renal blood flow 1 proportion

pr rAGE In response to Dr Smithwich, I think it 1s fair to sty
that surgeons alwavs want to get thar fee hefore medical men do —
In seriousness though, I think that until more evidence 1g avatlable
it 18 premature to <av whether surgery or treatment with pjrogens
should be undertahen first If you are 1 mediex] man vou will prob
ably give pyrogen furst If vou are surgieally mchined, sou will prob-
ably operite first I think that Dr Smuthwicks pomnt 1s well taken

Now as regwrds Dr Kubieeh 1 am gong to put my long grey
beard on and sav that 1 quarter of a century age when I was m
Germans  the Germans had 1n idea that of vou put a patient with
acute Bright’s disease on a divtherms machine and gave him 2 good
coohing 1t relaved the blood vessels i his hidnevs and that that was
very good for him

Well after seeing a number of the patients bemng well cooked over
there, T was not convinced Cne of the first things I did when T got
bach to this country was te see if the blood flow n the hidneys could be
rused by means of dinthermsy Luter we tned the same by means of
mductothermy We found thit mductothermy didnt do amy better
than dinthermy In fact just as Dr Kubicek saxd this <fterncon 2t
shghtly lowers the blood flow

I think his point 1s well tahen that the pyrogen stself has quite 1
different effect and mdeed, s Drs Chasis and Goldring have shown
one can bloek the febrile response with amdopvrine and still get 1
marked increase in the renal blood flow In practice with the use of
pyrogens other than typhord vaccine we have produced no bad effects
on the rendd bload flow m what 15 alreads 1 verv bad situation

PR GEORGE ¥ AsGaakb Ou behalf of the Unnersity I should hhe
to thanh our distingmshed speakers and those who have entered mto
the discussion T should also Iike to thanh our presding charmen and
those of you who h1ve made up such ~ large and mterested audience
for jormng us during these three davs i our efforts to honor Dr Bell
Dr Clawson and Dr Fahr
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