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vait Lacer Bran Relattonships

and unfortunatel; tests of ammonta metabolism, unnary ammo
acid excretion were spotty and therefore lacking 1 statsstical
value Nonetheless such studies as are included here allowed some
companson of liver function duning coma and during lesser degree
of bram mvolvement The clincal case load used m a study of the
comatose state also provided the material for the chapter on the
pathological aspects

This monograph includes some hustoncal information which 15
always a welcome respite to the confining presentation of scien
tific observations History, aside from its mterest, serves us m
other ways too, for 1t reminds us of our general madequacies and
Iike the beacon of hight behind us 1t shines on ahead and provides
some gumdance to the general direction that we should follow
At present we are somewhere i the beam of light but we are no
where nearits end

The hver itself 15 discussed mn one chapter To the general
practitioner and the specialist of internal medicine this particu
lar portion w:ll have no appeal It 1s not mcluded for such mnds
viduals but rather 1t 1s meluded for the non abdomnal spectalists
who are unfamihar with the organ For these persons, refresh
ment of hepatic knowledge 1s provided albeit briefly, i the hope
that st may axd 1n a better understandmg of the relationships be
tween the hiver and the bram

A chapter of the ongmal thes:s on the expenmental aspects of
this relationship along with some experimental work on cerebral
changes m ammals with dietary nduced Iner damage has been
omstted Tt would seem to this observer that mformation ganed
from ammal study cannot be effectively apphed to the human and
this 15 especially true m assessing the relationship of two organs
which exhibit considerable differences between Jower and hugher
forms of life What 1s needed more than any other factor 1s the
detection of brochermeal changes m human tissues and Huids
Considerable progress has been made along these Imes, an ex
ample of which 1s to be seen i the knowledge gamed over the
past five years m Wilsons disease The falure to demonstrate
positine correlationships between hver pathology and Iner fune
tion tests for example does not entirely negate the presence of
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HEPATO SPLENO RENAL-INTESTINAL ROOT SYSTEM

Frentisprece The cerebro hepatie nddle The Iiver bram relationship can
be expressed m a vartety of ways The surrealistic drawsng depicts this
relationshup m the form of a tree The root system covers more than just the
Iver The tunh comvers a pliety of ab 1 hobtes to the bram
The blood brawn barner 15 a forondable fortress to be breached before these
metabobtes reach the hram Lasth the cerebral blood dynanues bio phy acal
and bro-chermeal reactions must be considered and studied before we can

solve this nddle
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F1c 1 H ppocrates (c 460 ¢ 370 B C ) Bust m Bntish Museum
Work of Second or Tl ird Century BC

by the Iner and when this reached the heart 1t was converted to
the vital spinit which bathed the bramn (Fig 3) Galens contribu
tions to the anatomy of the bram were considerable for he dif
ferentiated and named the dura mater pia mater corpus collosum
pmeal body pituitary gland the fornix and seven of the cramal
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Fic 3 The Galensc concept of the errculation
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earhest account of acute yellow atrophy and noted that excite-
ment and coma was often associated with jaundice A century
later the time honored pathologist, Morgagm (6) in 1761 recorded
the most authentic description of acute yellow atrophy and
additron to his own observations he cited cases of Baillou, Bonet,

Fic 5 Photograph from the
Frontispiece of F Glissonus text
of 1659 This shows Glissonu
the tall hatless gesticulating n
dwidual to the nght of center
demonstrating to his colleagues

Ar I rarnem 4 Pareftrrn .
rre 59 €8

Guanmonias and Valsaha, contemporary authors, all of whom
had observed abnormal mental states mcluding convulsions nng
delnum following the onset of jaundice Duning the ensung Zs
years little or no literature on this subject appearcq Inlerest‘\v "
revived n 1834 by the app of two

o o
hepatic coma 1 the London Medical Gazette Gniffin (7} 1 one
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changes The former described 8 cases of fatal jaundice of which
5 were autopsied A case reported by Brght s worthy of mention
as it mcluded the featyres charactenstic of hepatic coma as we
know them today, namely, dilation of the pupils or puptl, iregu
lar jerhing motements of the extremities, dysarthna, flevion of the
Jmees agamst the abdommal wall, confusion and dehrmm fol
lowed by coma and death He observed the bile staned cerebral
blood vessels and yellow serum from which he reached the con-
clusion that the neurological symptoms were due to the ngh
concentration of bile in the blpod

The modern approach to the diseases of the Iiser may well have
ongmated with Frenchs (11), yn 1858, when he described 1n great
detail acute yellow atrophy, fatty metamorphosis and cirhosis
of the hiver In an analysis of 81 cases of acute yellow atrophy he
noted the sumlanty of “abnormal conditions of the nervous sys
tem” i every case Furthermore, he distmgmshed two types of
cerebral change, one of excitement and one of depression The
former was charactenzed by delsum, convulsions, and the latter
by progressive lethargy, coma and death He observed convulsions
and noted thit m most cases the cerebral alterations appeared
stmultaneously with the jaundice In addition, muscular faseicula
tions, tetany, hiccoughing and diated pupils were obsened
Frenichs commented upon the paucity of pathological changes m
the bram 1t autopsy, 2 feature which was noted by many others
of that era Up to that time the climcal savants were obsessed
with the importance of the bile and blamed disease on 1ts un
natural quantity and color Frenchs dissented from ths view
primandy because of a sertes of experiments ut which he mjected
bile into the vemns of dogs without producing any nervous system
symptoms He then expressed his opmion, that the bram derange
ment was the result of chemical alterations m the blood stream as
a consequence of the damaged Iner and he stressed hypogly-
caemia The worh by Frerichs in three volumes was a masterpiece
of 1ts day, bemg replete with mformation both clinical and expen-
mental Used as a tevt and reference for many years st was subse
quently transfated and published m New York m 1878

Schiff (12), 1n 1877, noted that portal vem ligation was followed
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by death m a matter of 2 to 3 hours and this was considered to be
the ¢ it of towms elat d by the necrottc liver

In 1883 Westphal (13) published an nccount fn which he ob
served tremors dysarthria slowness of movement and ngidity n
2 patients Although the patients ulumately died m coma ne
cerebral changes were noted Cirrhosis was not menttoned despite
the observation that the hiver was yellow i color Because of the
clinteal resemblance to multiple sclerosis Westphal proposed the
term “pseudosclerosis He did not consider any connection be
tween the neurologyeal findings and the yellow Iner

The term cholemia was mtroduced by Leyden (14) m 1886
because of the resemblance of hepatic coma to the state of uremia
The mental changes were considered to be due to the retention
of bile~a view expressed also by Bright (9)

Whle 1solated erse reposts appeared i the literatuie desertbg
Tver pathology and noting the association of cerebral changes the
first description of a progressive famthal disorder associated with
Iver disease appeared under the title tetanod chorea” by Gowers
1n 1888 (15) and 1906 {16) He described a fxmihal progressive 1]
ness appeanng early mn Ife m which generahzed edtensort spasms
of the hmbs 1 fixed vacant facial expression and athetotic move
ments of the fingers were observed Post mortem examination of
this case showed no aboormality of the bran grossly or micro
scopreally Cirrhosis of the Iver was not recorded but was men
tioned 1n 2 later rccount In a second case m 1906 Gowers (18)
observed cavitation of the outer Inyer of the lentsicular nucleus
on the left The lver i this case was cirrhotie

Thesc reports were the forerunners of the entity later deseribed
1 detart by Rnnier Wilson and known today as hepatolenticular
degeneration (Wilsons Disease) A lustorical review of hver bramn
relationships would be quite mcomplete without mention 1n some
detarl of the background and developments that preceded and
followed Wilson since this disorder 15 the archetype of hepato
cesebral relationshp (F1g 7}

Homen m 1890 (17) wnd agan m 1892 (18) publshed an
account of a disease i which a sister and two brothers in a family
of eleven were affected and which was charactenized by a hollow
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ments dysarthrie speech hyperreflea and focal convulsions
She became completely demented and died of heart failure
Autopsy showed a Jarge area of softening in the frontal lobe and
bilateral cavitation of the putamen The Iner was curthotic Al
though glycosuna was present the conditon was felt to be due
1o congenttal cerebral syphilis

It remaimed for Wikson {26) mn 1912 to tie the loose threads
tagether 1nto ove disorder which he called progressve lenticular
degeneration Wilson m a masterful thesis for which he recened
2 gold medal reviewed the 8 cases reported by Gowers Homen
and Ormeraed and added 4 more which he had observed person
ally The disease which bears ns name was described as a progres
swve familial conditson charactenzed by curhosis of the Iver and
by generahzed tremors muscle ngidity muscle spasms contrac-
tures dysarthna dysphagin emaciation and transient psy chotie
states  Pathologically he described biateri softenimg of the
lenticular nucleus and 2 coarse nodular emnhosis of the hver
Wilson emphasized the pure stratal symptomatology and the lach
of signs of Iner dysfunction during hfe i view of the marked
hver pathology esident at autopsy

Although cogmzant of the previous pubhcations of Westphal
(33) Strumpell (21) and Fleischer (23) VWailson pad httle atten
tion to prendoscl In an wddendum to hts thests on progres
sive lenticular degieneration he recogmezed that a close analogy ex
wsted and that further study was necessary He commented upon
the mcomplete post mortem exammstions and the lack of patho
logical change He beheved howener that the case of Fleischer
(23) belonged in the same category as progressive lenticular degen
eration for i hus texthook he commented that the features once
wnagned to distnguish pseudosclerosis re now less and
that there 15 more vahd reason to melude cases having cuthotic
lesions of the hver under the classification of lenticular degener
tion (27) Potts and Spiller (25) m 2905 kke Westphal considered
the disorder a varation of multiple sclerosis Vilson regarded
these case reports as so | jid as to lassifieble In
a somewhat acid eapression of his opsman he stated th:'«t the
“summary of facts warrants the 1 that the g

os15
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Vartations i the chnrcal prcture of hepato lenticular degenera-
tion appeased m the literature In 1916 Bramyell (89) and Kehrer
(40), in 1926 reported on the formes frustes” which Walson cor-
rectly pomted out should only be considered 1n the presence of
symptoms of hepato lenticular degeneration i other members of
the fanuly Lnver symptomatology preceding the onset of cerebral
symptoms was reported by Jendralsh (41), Kranpa (43), Hadfield
(43), and Barnes and Hurst (36) Although Wilson stressed the
Tack of liver symptomatology during hfe, two of hus published
cases had attacks of jaundice preceding the onset of cercbral
symptoms Publication of a case by Borberg (44), wn 1927, and
by Babonnsex and Widiez (45) n the same ycar showmng stratal
symptomatology resulting from carcinoma and adenoma of the
hser respectisely served to bridge the gap between the Iner and
the bram but did not clanfy the Wilsonsan aspect of this relation
ship
Hemochromatosts was first related to Wilson s disease by Lowy
(48), n 1922, when he reported on a brown mgment on the face,
neck, axilla and gemtaha i a case of hepato lenticular degenera
tion Brouwer (47), in 1936, reported on a case having signs of
hepato lenticular degeneration and hemochromatosis The pa
tient, a male of 59 years had diabetes, curhosis and a bronzed
skin He developed muscular nigidity, a labored gait, dysarthna
dysphaga and increased emotionality Autopsy confirmed the evt
dence of hemochromatosis, and the bram showed bilateral cavita
tion of the caudate nucleus and putamen m addition to scattered
Alzhemmer cells Waggoner and Malamud (48) also described 2
case of hemochromatosis with cerebral symptoms consisting of
mental confusion, ataxia, hypertonia, facial palsy, and dysarthna
At antopsy lesions were found 1n the cortex, putamen, globus
pallidus, cerebral peduncles and cerebellar whnte matter Thaddea
and Oettel (49), m 1940, i a paper entitled “Hemochromatose
der Haut bex Morbus Wilson  demoustrated hemosidenn m the
shin of a patient with Wilsons disease Lewey and Goven 30),
m 1942, reviewed the literature and added a case of Lemo
chromatosis which they endeavoured to refate to Wilson’s d_lse.:se
Neuman (31), m 1948, McDougal and Adamus (52), 1 1950, de
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who observed this phenomenon m hepatic msufficiency due to
acute yellow atrophy, cirrhosis and carcinoma of the Iner Adams
(60), 1n 1949, emphasized forced grasping and Walshe (61) 1 a
study noted flexion of the legs upon the abdomen in cases of
hepahc coma Climcal studies of the neurological mvolvement m
hepatic disease without coma appeared with reports by Lucke
(62), n 1944, and Stokes, Owen and Hohnes (63), m 1945, as the
most noteworthy Mental changes of a wide variety were reported
in hepatolenticular degeneration by Gysm and Cooke (64) and
hepatitis by Leibowtz and Gorman (65) While spinal cord m
volvement 15 rare m hepatic disease several case reports by Hardy
and Feemster (66), Byrne and Taylor (67) and Lescher (68) attest
to 1ts affichion mn some mstances Such additional features served
to broaden the brain hiver relationship from a narrow concept of
advanced hepatic fallure with coma, and basal ganglome de
generation as m Wilson's disease to one of widespread nervous
system 1nvolvement with milder degrees of hepatic disease

The development of electroencephalography m 1927 by Berger
and 1ts subsequent appheation to chaical problems was appled to
the elucidation of this relationship This has been both unreward
ing and disappointing

The expenimental approach to this entanglement lagged some
what behind the clinical studies The previously mentioned and
persistent theory that an abnormality of bile constituted the “agent
provocateur for all the symptoms m hepatic failure prompted
Frerichs n 1858 to mject bile mto the vens of dogs to determmne
1ts effect on the nervous system and whle he was able to convince
himself that bile was meffectual, kuhne (69), who carned out
sumlar eypernimentation at the same time, was not convinced The
expermental approach to the problem has centered on the pro
duction of liver damage erther by chemical or surgical means and
by procedures designed to exclude the liver from 1ts normal cxr-
culatory relationships Thus the portocaval anastomoss or Eck
fistula Tigation of the common bile duct alone or :n combmation
have been devised The Eck fistula was first applied to this prob
lem bv Stolnikow (70) Hahn, Massen, Nencht and Pawlow 1),
m 1893, combined the portocaval anastomosis with hgation of the
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(86), Himsworth and Glynn (87) and Hartroft {83) have demon
strated the ease of produemg fatty, necrotic, and fbrotie Iners

What might be termed the metabolic approach to this relation
ship had 1ts begmnings m the work of Chesney, Marshall and
Rowntree (89), 1n 1914, who observed elevation of amino acids m
cases of hepatic msufficiency Stadie and Van Slyke (90), n 1920
showed an mncrease n the excretion of ammoma and htratable
ammo acids m terminal hepabie coma secondary to acute yellow
atrophy Early wmvestigators were blocked n the evaluation of
amino acid metabolism because of the techmeal difficulties i
volved but with the re-application of paper chromatography to
medicme, the 1dentification of ammo acds was made easy Be
cause of thus, Uzman and Brown (91), m 1948, Dent and Walshe
(92), 1n 1849, De Verdier (83), m 1950, and Cooper, Eckhardt
Faloon and Davidson (94), mn the syme year, have reported
changes i the amino acid metabolism in Wilson’s disease Roman
(95), m 1927, and Walshe (61}, m 1951, have demonstrated an
abnormal urmary exeretion pattern of ammo acids mn hepatic
coma regardless of the underlying lver patholagy Quastel (96},
in 1935, Weil and \fatherbe (97), 1n 1936 studied glutamic acid
metabolism 1n the brasn and Iner Walshe (1) demonstrated an
wmerease n glutamune 1n the spimal flud cases of hepatic coma and
Amatuzio and Neshutt (98), i 1950, and Snell and Butt (99},
1941, observed changes 1n the pyruvie and lactic acid concentra
t1ons m the blood 1 hepatic coma

\any theories have been advanced over the years m vamn at
tempts to explam the complenties and mystenes of lver bran
relationships Mention of these 1s both of Instoncal interest and
quite enlightening not only because of the diversity and number
of theories evolved but also becanse some, upon which doubt had
been cast in the past, are m the process of revival Of greater m
portance 1s the plam fact that none have ever been proven! The
theors with most adherents 15 nearly 100 years old and has yot
to be proven' Perhaps this 15 what engenders the challenge This
clearly pomts to the madequacy of our knowledge and the necest
sity for more informatn e mstruments We have reached the p;)lﬂ’
where light nucroscopy chnical studies and electroencephalag
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the lver elaborates the toxmn stself or whether 1t fals to detovify
substances reaching 1t from the ntestine Pollack (38), Lucks (62)
Crandall and Weil (79) Croftan (104), Stokes, Owen and Hohnes
(63}, Baker (105), Adams (60), Legh and Card (106) beheved that
the hiver falled to detoufy substances from the mtestmes which
therefore rexched the centril nervous system In support of this
15 the expenmental work of De Jong (75), Balo and Korpssy (73)
both of whom hae produced cerebral lesions 1 dogs followmg «
porto caval anastomoss wnd a ligh meat diet The demonstration
by Crandall and Weil of changes 1n the rat spmal cord which has
been mcubated with the serum from dogs with expermentally
produced hwer damage lends additional support More recently
Rappoport (70) in 1951, Fraser, Rappoport, Vuylstehe nd Col
well (T7), m 1951, have prevented the rapid death which follows
hepatic artery hgation by the admmstration of antibiotics thus
preventing bactenial tovns from reaching the bran Agawst this
source of a toxmn according to Walshe (61) 15 the fact thit no tovmn
has ever been solated nor has 1t been proved that such a tovn s
an abnormal product of digestion or that the mntestinal wall 15
permeable 1o 1t The word toxm has been loosely used There
has been no unwmity of expression s to whether the toxm 1
actually a poison or a substance foreign to the central nervous
system or whether it 15 an excess or a defiaiency of some substance
normally metabolized by the Iner

The view that the toxms are elaborated by the damaged liser
ttself was upheld by Frenchs (11), Stadie and an Slyke (90),
Mason and Davidson (107), Bollman and Mnan (74), Heyd (108)
Snell and Butts (99), Amatuzio and Nesbitt (98) and Walshe (61)
Since the hiver has many functions 1t 1s not surpnising that many
substances have been considered at fault Errors in the metabohsm
of carbohy drates ammo acsds and copper hnve been hypothecated
Frenchs 1n 1860 beheved hypoglycaema was the cause of the
cercbral coma Mann m 1827 showed that hypoglycaemia does
occur following hepatectomy and that the admumstration of
glucose relieves the condition Snell and Butt (100) noted an
crease 1 Jache and pyravie aad and postulited a defect the
aerobic metabolism of carbohydrate Stadie and van Shke (30)
beheved the lwer undervent autolysis and was converted mto
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Chapter I

THE LIVER

M INTRODUCTION

vent hias been wntten m recent years on the matier of Iner
bram relttionships by the miermst and surgeon but httle by the
neurologist The last great contribution by one of neurclogical
interests was that of Ainnter Wilson 1 1912 (26, 27} The reason
for this would seem to be due fo the fact that mdniduals m such
a predicument develop hepatic symptoms first and are cared for
by the mtermists nd prichtioners on vanous medienl services
throughout the country This however, has m no way lessened
the mtesest of exther speciabst It 15 quite obvious that nesther the
mtermst nor the neurologist will sols ¢ the problem alone snce the
ultumate answer lies i the depths of biochemical phenomena and
the mtermst has not the tune to delve mto the complevities of
brun metabolism nor has the newrologst the fime to delve mto the
fine details of hepatic metabohsm An allance and cooperatne
resewch between the mtermist surgeon, newrologist and b
chemsst 1s the only answer to a successful solutton of thus relabon
shy

’?he case maten1] upon which the clmcal aspect of thus relation
ship 1s bised was culled from the medical and nenrological sers

1ces of the Umversity of Minmesotr Hosputals and so in part ths
study 15 1 cooperatne one The material consists basically of 40
patients with hepatic diserse who did not progress ta or develop
coma nd 42 patients who did have coma and exprred m that
state This last group lsa conshitutes the matertal for the newro-
pathologic studses as discussed in Chapter VI

THE PROBLEM

Some of the historical background of this relationshup has been
dhscussed mcludmg the proposed theones Although there s muth
)
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TABLE I

Furcrions or e Lner

1 The formation and exeretion of hile acids

2 The formation and excretion of bilirubin

3 The metabolism of nutrent substances

4 The consersion of ghicose 1o glycogen and the reconversion of glycogen to glucase
5 The storage of gly cogen

6 The synthesus of urea

7 The formation and mamtenance of serum proteins

8 The metabolism of ipoproteins

9 The and of
10 The metalization of protems

11 The 4 of protemns, aino acids and peptides
12 The metabolism of hormones

13 The metabolism of phosph owdases, dehyd and other enzymes

14 The degradation and resynthesis of hemnglobin

15 The metabolism of prothrombim, thrombn and atker blood cosgulation factoes
16 The metabobsm of copper albumn fractions

17 The metaholism of ceruloplismin

18 The metaholism of iron

19 The metabohsm of zine

20 The neutralization of foreign metals

21 The formation of lymph

22 The metabolism of porphyrins

28 The detotication and 1nactivation of metabolic waste and foreign matenals
24 Reservorr of blood

25 Viater and electrocyte metabolism

26 The metaholism of ammonia

27 The metabolism of mucoprotemns

28 The formation of antibodies

20 The metabulism of vitammns A, B, C, D, E, k.

a Iibrary survey undertaken by a biochemist mentioned that there
were 500 chnical reactions believed to occur im the lwer While
such a prodigrous number may be correct one would have to con-
sider even the transfer of one hydrogen or oxygen atom from one
compound to another as a separate reaction It 1s unhkely that one
could categorize these reactions m a practical chmeal list Every
one agrees, howeser, that the ltver has multiple functions Table 1
1s a generalized and abbreviated hist of hepatic functions

Anatomy
Its anatomical configuration 15 well known to all E.mphasls
should be placed upon the dual blood supply via the hepatic artesy
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and the portal vewn system The latter 15 of special import since 1t
comeys to the hver blood from the spleen stomach pancreas
duodenum the smallintestine colon and gallblidder 'This venous
collecting system 15 important not only because there 15 a mung
of this blood with arteral blood m the Iner but also because
hepatic disease s flow may become defective promoting therelyy

&Y

¥ic 8 Modern concept of te iver m croscop ¢ anatomy A portal tract 15
pparent 5 the foregroun1 Glsson ts Iver (F g 6) shows his appreciatio
of the ve 015 5 stem within the ltver b t the Lk of the m croscope den ed

t mithek o vledge of the allular anatomy of the hyer

tle derelop of coll: 1ch Is via the umbihieal esopha
geal and dinphragmanie venous systems \enous connections be

unton of the splenic ind superior mesenterte vetns Sudden ogeln
ston of thus vein 1s not necessanly fatal but this would depend
upon the speed of develop of collateral channels The pres
sure 1n the portal vein 1s normally Jow but may be rased during
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portal vemn constriction, portal vemn anastomosis, and cirrhosis
The egress of blood from the Irver 1s v1a the hepatic veins to the
nferior vena cava

The microscopre aspects of the liver have been the object of
mtensne study and now 1s under the scrutmy of the electron
microscope and other devices which may change the current con
cepts somewhat Its current anatomy 15 depicted i Figure 8 This
m passing may be compared with the early cut from Glissonu as
shown n-Figure 6 The cut surface of the fiver shows the lobular
umt with a central vein, the radrating cords of Iiver cells and the
perpherally located portal tract consisting of hepatic arteral
twigs, portal venous twigs and bile duct collecting units (Fig 8)
Some connective tissue 1n the perphery of the lobule completes
the basic umt of which the iver 1s composed The organ is kept
umted by the capsule of Glisson

Function Tests

The search for tests winch would both foretell early hepatic
disease and tests which would correlate with the seventy or de
gree of hepatic disease hate been the object of liser investigators
and chinicrans for more than a hundred years Obviously because
of sts multifunctionng capacity one test could not be expected to
accomplish this end As a consequence many tests have been de-
vised and designed to measure 2 certam function of the hver
Lnver function tests have been grouped mto batteries m an at-
tempt to differentiate the types of hepatic disease In general
there are three categonies of hver function tests, e g, tests of
excretory capacity, tests of ability to synthesize compounds, and
a miscellaneous test group of special functions Lusted here are
some of the more reliible and frequently used tests of hver func
tion The details of the test procedure can be found m appropriate
texts The effects of some of these compounds upon the nervous
system 1s found m the last chapter

Test of Bile Pigment Metabohsm* Van den Bergh Rcacl:or:l
This 1s a routine procedure m the investigation of jaundice ant
provides some confirmation of a clmieal unpression This tes

1

11 en re
15 more inf we wcally and p 1cally wh
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cated serially An increase m serum bilirubin has always been
ssociated with hver disease The source of the bilirubin 1s hemo-
Iobin and many organs of the body contnbute to 1ts formation
hat the Jrver 15 not the sole producer of bilrubin 1s d 1
n hepatectonized dogs which still manufacture birubin The
wplfer cells of the Iiver the bone manow nd the spleen alse
ontrbute to the serum pool Mann feels the bone marrow 1s the
nost important site Bilirubin ean be produced acellularly and
eschhe (116) has produced this substance by addition of cell free
erebrospinal flud to the red blood cells This however 15 not 1
wormrl method of production The mun function of the Iver kLes
n the excretion of bilirubin which 1s carned out by the poly gonal
»arenchymal cells Any 4 pe of hepatic disease 1s assoctated with
levations of the serum bihirubin Two forms of the test are known
he diect  measure of the bilirubin which has regurgitated from
he bilary tree and the indirect a measure of the bilrubm re-
amed in blood stream and which has not passed through the hver
ells In obstructive jaundrce the van den Bergh reaction is direct
ind strongly positive while 1n hemoly tic jaundice the birubin 15
formed more rapidly than it can be excreted by the hnes and the
an den Bergh reagent gives an indurect reaction Himsworth (117)
s of the opmion that there 1s no good Iaboratory me ws of dif
ferentiating extra hepatic obstruction from mflammatory jaundice
The values we expressed m milligrams per cent with the normal
1 minute direct bemng 02 and the total serum bilirubin being
08 10 mulligrams per 100 cubic contimeters of blood As seen m
the Jast chapter bilirubin mav play some wle w the praduction
of nersous system symptoms

Urobilinogen Bihrubmn excreted mto the bile 1s converted by
the } flora mto urobih which sul 15 partly
reabsorbed reaches the Iner and 1s eventually exereted mto the
urine Two forms of urohilinogens are present i both unne and
feces namely sterco and mesobiirubinogen Elevation of the
urinary uninltnogen occurs n any type of hepatocellular damage
according to Watson and Hoffbauer (118) 1t is elesated m arr
rhosss of both types and fatty metamorphosis of the hver accord
mg to Popper ef al (119) The values are expressed. erther v
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Ehrhich untts or mulligrams per 24 hours The effects of this sub
stance on bram function have not been evaluated

Coproporphyrin. Hoffbauer (120) has shown that the copro-
porphyrin excretion 1s a very sensitive mdex of liver dysfunction
The urmary coproporphyrin excretion 15 elevated m cirrhosts
according to Watson, Sutherland and Hawkinson (121) and m
hepatitis, Watson, Hawknson, and Capps (122) The upper lmt
of unnary coproporphyrin excretion 15 250 to 800 gamma per 24
hours The porphyrins are important to bramn metabolsm

Serum Proteins: The liv er 15 the site of formation of the plasma
protemns notably prothrombin, fibrinogen, and albummn The source
of the serum globulins has provoked considerable disagreement
Most authorities now agree on the liver as the site of serum albu
rin and most of the serum globulins Popper, Huerga, Steigmann
and Sladk (123) beleve the globulms are formed by the reticulo-
endothelal, plasma and Kupfer cells An elevation of the gamma
globulin represents stinulation of the Kupfer cells Spellberg,
Cohn, Wolfson and Shore (124} did serum albummn, alpha, beta
and gamma globulin determinations (n addition to other Iner
function studies) mn 28 patients of varied i er pathology and found
an elevation of the gamma globuln as the most frequently en-
countered abnormality They concluded that the serum globulins
are a better mdex of hver dysfunction than the flocculation tests
which depend upon an altered gamma globuln Support of this
15 also found m studies by Marrack and Hoch (125) who beleve
the characteristic change m Iiver disease 15 the merease in blood
gamma globuln levels The albumun 1s sometimes reduced and m
severe liver damage the albumm-globubn ratio 15 reversed The
values are expressed m grams per cent The range of the total
protems 1s 6 to 8 grams per 100 cubsc centimeters, for the albumn
3 to 4, and globulm, 2 to 3 grams per cent The normal ratio of
albumn to globulin 15 3 to 2

Thymol Turbidity. The thymol turbidity test was first described
by MacLagen (126) who believed the globuln thy mo} phos-
pholipid precipttate to be dependent upon the gamma globulin
fraction Cohen and Thompsen (127) showed that the test dependds
upon the reaction with beta globulin Kunkel and Hoagland state
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abstructive etrahepatic lesions the prothrombin time may be
greatly reduced as a result of the damaged liver and reduced
vitamm K absorption In hepatitis and non-obstructnve curhosis
1t 15 also altered

Cholesterol and Chol I Esters Hepatic cells estenfy
cholesterol In the presence of Iver mjury the serum cholesterol 1s
usualhy elevated and the esters are lowered Obstructive hepatic
lesions are associated with high serum cholestero! values and a
relatne ncrease m cholesterol ester The latter may fall when
parenchymal damage occurs and as the obstructive process pro
gresses The test 1s expressed i milligrams per cent with the range
of normal being 218 = 50 milligrams per cent for total cholesterol
More than 60 per cent of the cholesterol should be estenfied

Hemoglobin Anemia s m hepatic farlure and 15 of two
types 1 mucrocytic normocytic hypochromie form of no prog
nostic sigmficance or « macrocy tic form which resembles that of
pernicious anemua The method of determmation and normal
values are wll known

Blood Ammo Acid Levels This 15 an wsensitne quantitatne
measurement of blood ammo acids mdicative of either hepatic
farlure to deammate the ammo 101ds to urea or of the hidneys m
ability to excrete them Approumately 85 per cent of the Iner
must be damaged before the plasma ammo acids become elevated

Serum Cholimesterase This 1s a test of the ability of the liver to
synthesize and mamntam serum levels of cholnesterase a non
speaific enzyme which catalyzes the hydrolysis of esters of some
orgamie acids It 15 not a very rehable test and m general it 15
elevated in hepato-cellular jaundice

Special Tests Exogenous test substances have been used to
determme I er damage by testing the abihity of the Iner to either
comvert or excrete them The bromsulphalen (BSP) hippunc acid
and vanous carbohy drate tolerance tests are examples

Bromsulphalem Test (BSP) The liver 15 the mamn organ of
excretion of this dse Normal persons shauld retam only 0 to 10
pex cent of the standard dose after 30 minutes The test should be
confined to the patient who 15 not chmeally jwmdiced smce i
depends upon the clearance of the dye from the blood strexm
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as either hepatic mcluding viral towic and purulent forms or as
cuthotic including portal obstructne fatty and post necrotic
forms Such a classification has at least the ads antage of stmphictty
Himsw orth (117) classifies Inv er disease under the general headings
of nfiltrations parenchymatous lesions hepatitis biliary lesions
arculators lesions focal lesions and new growths The word
cirrhosis 15 consprcuous by 1its absence 1 this classification

At present most classifications have been based on hepatic
pathology a fact which oftentimes makes 1t difficult to assess the
ongmal etiology of the process Although excellent and complete
accounts of the diseases of the Iner are to be found m textbooks
a brief review here seems warranted m order to provide as com
plete a study as possible

Curhosis The term curhosis imtiated by Rene Theophile
Laennec 1s dersved from the Greek word Rirrhios meanng orange
Its true meamng has become considerably distorted and today
1t embraces fibrosis sclerosts and has even been apphed to other
organs Aside from the finer detauls of its definition 1t signifies
today an mereased resistance There are many differences of
opinion as to the exact pathogenests of this condition Crerhosts is
a verv slowh progressive degeneratine and reparatie process
mvolving the entire organ and characterized by a defimte mcrease
of the portal connective tissue with or without an merease m the
intralobular connectne tissue accordmg to McCartney (182) In
1931 Josselin de Jong (133) defined cirrhosss on the basts of three
charactenstics  proliferation of connectne tissue degeneration
and death of hepatic cells and regeneration of parenchymal tissue
The old concept that the mereasmg intraportal connectnve tissue
squeezes the hepatic lobules has been discarded Emphasis bas
been placed on the regeneration of hepatic cells hretz (134) m
1905 was the first to emphasize the regeneratie aspect of cirrhosis
and that the iver at autopsy 1s the result of mny mjurious ¢p!
sodes In lme with this is the expermental work of \Lann and
\fagath (135) Fishback (136) Higgms and Anderson (137) Brues
Drury and Brues (138) who reported on the tremendous regenera
twve abilities of the hver Mann and Magath noted complete res
toration of the Iner following exturpation of 75 per cent of the
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state 15 the chronic form of liver disease regardless of the Imitiating
process

Most pathological studtes of the lver show a predommance of
arrhotic lesions This series 15 no exception as cirrhosis was the
most frequentl) observed hepatic lesion Murphy, Chalmers Eck
hardt and Davidson (144) n a chnical analy sis of 40 patients with
hepatic coma showed that cirthosis occurred in 80 per cent of the
cases The remamder of the series was composed of acute yellow
atrophy, 5 cases, subacute yellow atrophy, 1 case, fatty degenera
tion, 1 c1se, and aleoholic (hepatosis) 1 case

Although there are many classifications of cirthosis the division
mto portal, obstructnve and pigmentary cirrhosis as described by
MeCartney (132) 15 used i this study

Portal Cirrhosis ‘The gross appearance ot this form 1s charac-
teristic and consists of firm granular elevations or nodules of vary
ing size The nodular 1ppearance has given nse to the term “hob
nail iver and this appearance also noticeable on the cut surface
The color vares between red brown and yellow indicating the
presence of fat Microscopic examination shows srregularly shaped
lobules separated by broad bands of connective tissue m which a
variable number of newly formed bile ducts and lymphocytes
appear The newly formed bile ducts are so numerous and promi
nent that they may guv e the appearance of adenomatn The central
ves are eccentrically pliced 1nd may not be visible at 2l Fatty
metamorphosts 15 commonly found Although chronic alcoholism
15 the most frequent cause of portal curhosis ulceratne colitis
post mfectious hepatitis also contribute to this form

Obstructive Cirrhosts As 1 result of obstruction the changes m
the liver are progressive At first there 1s prgmentation atrophy
and necrosts of Inver cells The endothehal cells contam bile pig
ments and the ile capillanies are dilated and often contawt bile
thrombt Inflammatory cells are constantly present A gradual m
crense m the portal connective tissue and regeneration of hepah;
cells oceurs until finally the microscopie preture 15 identical \ult
that of portal cirrhosis Obstructn e currhosis 1s much less frequend
than portal cirrhosis as evidenced by the studies of Gibson ant
Robertson (145) who found 21 cases of obstructnne bilrary curhoss
1n 244 cases of jaundice
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Pigmentary Cirrhasis. Grossly and microscopically this type
does not differ from portal currhosts escept for large accumulations
ofh denn, and b pig

Fatty M phosis: The pIc app of thus state
is quite charactenstic Most authors agree that fatty infiltration 15
the result of a detary deficient state and that 1t 1s an early stage
in the deselopment of exrrhosts Fatty ners can be produced ev-
penmentally with great success by choline deficient diets Hums-
worth and Ghon (87) m 1944, Hartroft (88) m 1950, Hartroft and
Ridout {146} 1 1951, Ruch and Hamilton (147}, Chatkoff, Conner
and Biskmd (148), Charkoff, Eschorn, Conner and Lntenman (149),
and Gyorg and Goldblatt (86) hare followed the changes m the
ter from a fatty degeneratn e state to one of crrhosis The fatty
changes may mvolve few cells or many and coalescence may vecur
with the development of fatty cvsts If prolonged, the fatty lver
35 susceptible to further mjurv Degenerative changes occur with
the development of fatty cysts which ultunately lead to fibrosts
The Tatter my also result from impured crrculation m snusords
due to compression by fat cells or collpse of fatty cysts Regard-
Jess of the mechantsm, crerhosis 1s the eventual result

Acute Yellow Atrophy: This term 1n addition to bewng a mis-
nomer 1s 1o longer cousidered as an entity The hver ss neither
atrophied in all cases nor 15 1t yellow The huer may show thns

picture w wf diseases, i pregnancy, followmg the use of
arsenicals, phosphorus, sulph ds hophen and other
t A picture 1d 1 wath acute yellow

P

atrophy has been produced by dwetarv means by Himsworth and
Glvnn (87) 1 1944 Smce the course vartes, a division 1nto acute
anid subacute stages ss justifiable In the acute cases the patient
may rapidly deselop mtense seterus and expuc mn coma withm 2
week In the subacute type the symptoms are less severe and the
course more prolonged Chronic cases may pass into the carrhotie
state Early in the course of this condition the hiver 1s enlarged but
it soon begms to atrophy  The argan 1 flabby, the capsule
wrinkled, and the color sanied Yellow ishmds mdicate fatty loer
cells while red areas indteate necrotic I er cells and hemorthages
Newly formed bile ducts, connectnne tissue and leucacytes con-
tnbute to the microscopic preture The picture of eurrhosis appears
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if the patient survises long enough Bjornéboe (150) regards cir
thosis as being secondary to hepatitis

Hepatitis Many epidemics of hepatitis have been reported
from time to time Biopstes of the hiver during epidemucs show
swelling and degeneration of hepatic cclls and mny also contan
granules of bile pigment The myury 1s more marked m the central
portions of the lobules In some cases the hver cells disappear
leaving only a reticulum Leucocytre nfiltration 1s moderate The
microscopic appearance may be qmte mconspicuous In fata)
cases, however, the Inver shows the picture of acute atrophy due
to extensive necrosts which 1s mdistinguishable from acute atrophy
of any other cause

Homologous serum jaundice 1s a disorder very smlar to ept
demic hepatitis and can develop following the admmstration of
mmmune sera, anesthesta, and blood transfusions Contaminated
syringes from syphilibe, diabetic and arthritic clmes are frequent
sources While most cases develop following intramuscular, intra
dermal or parenteral routes of admimustration the oral route has
been the source of some cases accordmg to Runyon, Wright and
Beebe (151) The histologteal changes are 1dentical with those of
epidemic hepatitis

Necrosis (ocal Hepatitis) and Abscess® A wide vanety of
poisons, chemeals, metabolites of infectious processes and Joeal
disturbances of circulation may njure hepatic cells sufficiently so
as to produce necrosis Hepatic necrosis may be exther focal, zonal
or diffuse Focal necrosis may occur i a wide vartety of severe i
fections such as typhoud fever, tularemin and poliomyelitis Such
foct are small and do not produce any Iiver dysfuncton Central
or zonal necrosis 1s the most frequently observed type and s most
often due to 1schaemia The central part of the hver lobule being
farthest from the aerated blood 1s most susceptible to anovia Some
mfections and a vanety of poisons produce central necrosis Dif
fuse necrosis 15 similar to acute y ellow atrophy

Abscesses of the Iver are usually pyogentc, amoebrc or actno-
mycotic Pvogenic abscesses are more commonly found and m1y
result from the spread of organisms to the hver by way of portal
vemn bide ducts, gallbladder, contiguous infected tissues, from
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other sources as in sephicera and penetrating wounds These
abscesses tend to be multiple, most frequently from appendix
and are more often found m the nght Jobe of the Iner The areas
of necrosts may cailesce and form large cavsties

Metastatic Tumors: The liver s one of the most frequent sites
to which tumors metastasize Metastases may vary from simgle or
multiple nodules of small size to massu e grow ths completely de-
stroymg the hiver

Amyloid Infil As an accomp to chrome supp
tion amylord méiltration occurs m the hier as well as other organs
The hver 15 enlarged, firm, has a tense capsule and 15 of a pale
color The anmylmd appears as a hyaline matenal betneen the
hmng cells of the sinusards and the Iner cells Its continued ac-
cumulation causes compression, atraphy and disappearance of the
Tver cells

Clinical Featuves

Since the Yiver 1s composed of countess anatomical umits called
Tobules, mjury to any put of 1t mvobcs several distinet but con
tiguous tissues The symptomatology of 2 hepatic Jesion may thus
compnse several components each due to a disturbance of fune-
tion of a different metabolic system and as the lesion eatends the

Bt log m compleuty and sevenity

The general chmeal features of Iner diseise are well known

L O S

s of Iner

ywndice

n Wilson's disease and in other cirthotie states even with marhed
bver damage comtitute notrble evceptions Hepatie failure 1s
sud by some to oceur with the appearance of jaundice While
tins mdeed does represent falure of the haer to execnte 1ts re-
sponsibihities toward bile pigment metabolism 1t does not repre-
sent a fmlore of all ver functions Suce there are great vanations
n the depth, speed of development and distribution of juundice
115 not possible to correhite ats appearance with the seventy of the
hep itee distusb wnce except perhaps to s7v, the deeper the jaundice
the greater the liner fatdure Body, face and conpunctina are areas
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where1t1s readily observed Despite the frequency of scleral color-
mg, yellow vision 15 a ranty Prantis 15 a common companion to
the jaundice The clay colored or achole stools and dark urme
are other frequent observations that attest to defective bile pig
ment metabolism

Hepatomegaly & sign of hepatic disease 1n many cases does not
mvyarably mean hver disease since body position, diaphragm and
b cage, the pomts of reference, are variable The same apples
to its opposite state—atrophy Gross desviations from normal Iner
boundaries are, of course, pathologic

Skin hemangiomata, or spider naevi and palmar erythema are
mdsces of hver diserse The former are ubiquitous, fade under
pressure only to quickly refill and are composed of conglomerates
or varices of new vessel formation and enlargement of ewisting
channels Hormones hne been shown to underl; this process
Palmar erythema 15 sometimes famihial but 15 often observed
hiver failure

The peculiar sweet odor to the breath known as fetor hepatis,
1s usually an indication of advanced hwer disease and 1s regarded
by Watson (152) and Himsworth (117) as a bad prognostic sign

Ascites, edema of the anlles, hemorrhoids, abdominal venous
distenston, dilation and increased vem smuosity and splenomegaly
are signs attnbutable to the fulure of protem synthesis, and/or
disturbances mn portal vein hemodynamies Thrombosis, constric-
tion, or mtrahepatic impedance of blood m the portal vemr may
account 1n great measure for some of those symptoms The failure
of the hner to synthesize protemns and electroly te imbalances due
to Iiver fatlure also contribute heavily to the pathogenes:s of these
symptoms Portal hypertension alone 15 not responsible but may be
a contnibuting factor The adequacy of the collateral ck Is 1
another factor of importance that 15 difficult to assess Palmer and
Brick (153) m a study of varices by esophagoscopy found them n
heast failure virus hepatitss, portal cirrhosts but not assocration
with fatty Iners They concluded that portocasal anastomosis
actoss the esophageal junction may develop quickly 1s 2 result of
mereased portal vem pressure and that vances my already be
present 1n the pre erhotic stage and therefore are not necessarily
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m 6 cases In one case no cause of the obstruction was determined
and m the other a congenital atresta of the bule ducts was found.

Fatty degeneration of the ver was present in one case In this
study 4 cases of acute yellow atrophy and four cases of subacute
atrophy are present Two cases of acute yellow atrophy were
secondary to hepatitis and the cause was unknown in the remamn
mg two Three cases of hepatitis of which two were nfectious and
one due to homologous serum jaundice are included n this study
Bjorneboe (150) studied 1140 cases of hepatitis 1n an outbreak
mn Denmark and showed a predommance of females 1n fatal cases
All of the fatal cases i his series were over 40 years of age and
Bjormeboe stressed the poor prognosis m menopausal or post
menopausal females In this sertes 3 cases w ere labelled as necrosis
although the microscopic prcture differed htle from acute yellow
atrophy One case of Iiver 1bscess ws observed The abscess was
very large contaming 600 cubie centimeters of pus and completely
destroyed the nght lobe of the hver A previous cholecystostomy
was the source of the infection \Metastasis to the liver occurred 1n
two cases and produced sufficient hepatic damage to result m
death to the pattent from this cause alone as no metastases were
detected 1n the nervous system Of the cases with metastases 1o
the lner one was from the gastromntestmal tract and one from a
melanoma of the eye In the latter case no metastasis to the bram
was found but the metastasts to the hver was so massie that at
autopsy the Iner weighed over 10000 grams One case of amy
lordosis 1s included 1n this seres

Passing mention should be made of the two cases of ulceratne
colitis presented 1n this sertes Cirrhosis of the Iner with ulcera
tne colihs was reported by Logan (155) Comfort et al (156)
Cam and Cattan (157) These authors felt nutritional deficencies
toxaemia and absorption of intestinal touns were important n the
deelopment of the cirthosis Jones Baggenstoss and Borgen (158)
found 14 cases of moderate fatty change and 33 cises with severe
fatty Tner out of 91 cases of ulcerative cohtis Three cases of
curthosis were reported
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grams The atrophic Iner was due to acute yellow atrophy wlile
the hepatomegalic organ was the result of massn e metastasss from
a mabgnant melanoma

Many investigators have thewr favonte “pet” tests or groups of
tests upon which they rely Regardless of the tests used the
purpose 1s both diagnostic, and prognostic In the latter mstance
there 1s a tendency to visualize m the mimd s eye the pathologienl
state of the organ n question Numerous attempts have been
made to correlate hiver funchion studies with the severtty of the
hver disease as assessed by microscopic study of autopsied nd
biopsied matenal Lattle 1s to be ganed by pursuing such correla-
tive studies since 1t 1s quute obvious that the only accomplishment
1s a companson of values of unknown sigmficance Microscopie
studtes do not reflect the functional state of the organ nor do the
present lnver function tests accurately 1eflect the functionnt ca
pacity of the Iner Nevertheless some general correlation does
exist between the seventy of the Iiver damage and the chmicil
symptomatology As a part of the study of Iver-brain relttionships
a correlative analysis of hver function tests and the degree of
hepatic damage was made .

In autopsy protocols, one frequently finds the adjectives “mild
and “severe appled to a description of the relatis ¢ severity of the
disease process While such descniptive terms convey a cerfun
amount of meanmg no effort 15 made to define the terms em
ployed and therefore any relationships lose some of their signtfi
cance Recogmzing the mberent dangers i any classification of
this type, a simple system of gradation was deyised nevertheless
The gradation of seventy 1s based upon the number and per-
centage of normal surviving hiver cells m 2 low power field on
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TABLE VII
Liven Funcrio Stuntes v Geade 2 Heparsc Damacs
Tro-
Case S Blupe Hom
Mo Diagnonrs fge TT CC Glob 1mn Total Time
Aormal
2 Obstructive eirrhons Tmo 6 2— — 95 182 100
8 Subacuteyellowatrophy 53 10 4— 52 %7 443 3
6 Subacute yellow 46 6 8~ 32 140 289 36
14 Obstructive currhosts 75 4 92— 87 158 889 8
19 Portal eurhosts 6 — 8- 58 Toee &
20 Obstructive arrl ons 57 7 1- 30 92 530 80
30 Hepatiis cirrhosis 56 15 83— 44 135 177 %6
31 Obstructive curhoss 60 — 1- 46 26 72
88  Subacute yellow atrophy 57 — 4= 12 47 150 50
40 Tortal curhosts 5 6 44— 58 25 45 68
77 27 89 13104 67

The companson of the hver function tests with the degree of
hepatic damage 1s shown m Tables VI, VII and VIII The tests
whch are used include the thymol turbidity of MacLagen the
cephalm flocculation test of Hanger, the serum globulin serum
bibirubin and the prothrombm time A brief glance at the table
shows abnormal values in exch grade of hepatic damage

1t 15 evident from these tables that very httle correlation ewsts
Detween the seventy of liver dimage and the Iner function tests
performed No change 1s evident m the serum globulin and pro-
thrombin time A slight mcrease m the values of the thymol
turbidity and cephalin flocculation 15 evident in passing from less
to more severe degrees of hepatic dimage No correlation exists
with respect to the seram biltrubin Despute the lach of any cor
relation however, the tests are all abnormal The conclusion that
1f 15 inpossible to correlate lver function with Iner pathology at
autopsy has been expressed by others Popper and Schaffner (159)
1 an excellent analysis of this problem pomted out the short
comings of current Iiner function stucies They felt that no test
measures a spectfic basic function of the hver and that most
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serum cholmnesterise hippunc aaid synthesis prothrombin time
and varymg degrees of bilirubmema

Popper Waldstem and Szanto (160) 1 1950 stated that cirrho-
sis best correlates wath the cephaln focculation and thymol
turbidity However the pathological study was done on biopsy
material Popper Steigmann Meyer hozoll and Frankhn (119)
could find no correlation between lver pathology and funcuon
usmg 16 different hiver function tests They poited out that Iner
function studies were usually done days or weeks before autopsy
and that agonal changes rdded further difficulties to wterpreta
tion Better correlation seems possible with biopsy matenal Sher
Tock (161) m 1946 correlated hver function studies with Iner
biopsies m 187 cases and noted that the serum bihirubin corre
lated with the seventy of the hiver damage Serum bilirubun levels
of 10 milligrams per 100 cubic centumeters or more w1s associated
with more severe hiver damage Popper Stesgmann and Szanto
{162) m 1949 using hver biopsy reported that diffuse Iner dam
age correlated with an merease i cephalin flocculation thymot
turlndity balirubin and 4 d in the alt 1 ratio
No other correlations could be estabhshed Hoffbaver Evavs
and Watson (163) compared hver biopsy and hver function tests
and reached the conclusion that eirrhosis of simlar anatomic ex
tent may exhibit markedly different degrees and types of lwver
funchonal impawment kmsell Weiss Michaels Shwver and
Barton (164) stated that liver liopsy gave only gross mformation
about hver damage and that cellular defects are only mamfest by
changes n the cephalin focculation thymol turbidity and ele-

vated seram bilrubi ;
1t 15 reachly apparent therefore that the estimated seventy ¢

liver damage at autopsy cannot be correlated with abnormahties
m hiver function tests except in general terms In reference to gen
ertlities it can be sad that pathologically the Iner m this senes
of cases shows cellular damage of varymg degree and that hver
function studres reflect the same thing
GROUF 11 CASES WITHOUT COMA
The over all frequency of hver disease m this group 1s shown

w Table I\
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cies are noted with respect to the two groups Acute yellow
atrophy 1s not mcluded as an entity m this group whereas 1t 1s m
the other group Representative cases of this group are meluded
under the term hepatitis Abandonment of the term acute yellow
atrophy 15 rec ded by many cl m which case the
percentage of hepatitis m group one would be somewhat higher
It 15 noteworthy that the diagnosis m the second group of forty
patients 1s made on chmceal grounds, biopsy matenal and explora
tory laparotomy, whereas that of group one s based solely on
pathological study

A companson of the relative frequency and percentage of the

TABLE X

Frequency oF Hepstic PatRonoet 1v Cona avp Nov Coxua Grour

Coma Group Non Coma Group

Dusease No of Por Cent Ao of Per Cent
Cases Cases Cases Casee
Portal cirrhosis 16 396 13 3335
Obstructive eirrhos s 9 215 ke 175
Fatty degeneration 1 25 1 25
Hepatitis 11 26 0 17 a5
Abscess 1 25 1 25
Other 4 95 1 25

case matenal 1 this group and that of the group with hepatic
coma 1s given 1 Table X

A glance at this table shows that very little dufference exists m
the relative frequency of portal and obstructive curhosts mn the
two groups In order to make a comparson the cases labeled
acute yellow atrophy and subacute jellow atrophy were con
sidered under the term hepatitis Comparng the two groups in
this manner shows a greater frequency of hepatitis 1 the group
wathout coma

A companson of the age and sex 15 shown m Table 3 The
group with coma was on the average 5 years older than the cor
responding group without coma It 1s unlikely therefore that age
alone plays much of = factor 1n the development of or precipita
tion nto, coma

o
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TABLE \II

FrEqrEncr oF Apsomstanirr or Liver Fonertow Tests
1v Grore witrovy Costs

Teot Noof Do of Per Cent of
Tests Abnormalities Abnormalities

Thymol turbsdity 39 25 6 v
Cephilin floceulition sz 31 9 v
Total hpida 24 10 41
Al ptase 2 17 63~
Bilirubin | 39 34 d
Bibirubin T 89 23 87
Zine twl ity EH o7 Kl

T cholesterol 2 [3 22
Cholesterol esters 26 n 42
Prothrombin time 30 s 0
Tot serum protesns 33 3 e .
“erum albumin 3 30 s Y
Serurn globulin 52 2 68
Hemoglobin 39 v 23
Unine ueobrhinogert 18 3 R
Fecal urobilinogen 5 0 0
BSP [:14 o5 8
CO combiming power M4 1 7
Blood ureq mtragen 13 1 7
Blootl sugar 10 [ 0
Bleeding time 14 1 7
Clotting tme 13 10 7

be due to atrophy of the hver as the disease progresses Fetor
hepatis which has been stressed as an mndex of mpending coma
was present i the group with coma m 26 per cent and the
group without coma m 17 per cent of the cases The nature of thus
factor 15 abscure but it 1s felt to be related to some amme com
pound m the blood The frequency of angiomata is about equal
i the two groups sigmfymg that spider naev are not necess::n]) a
mantfestation of more advanced hepatic disease Bean (165) re-
Tates the development of spider naevi to the inability of myured
lver to catabohze sterord hormones Smmlar angiomata can be
produced following the administration of estrogens Hema'mme;xs
was more frequent m the group with coma a fact which can l:e
explaned by the longer course of disease with progressise hepatic
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Chapter IV

CLINICAYL STUDIES: CEREBRAL
MANIUESTATIONS OF
HEPATIC DISEASE

INTRODUCTION
Tm: CEVERAL symp logy of hepatie i 15 well

known and while the hterature 1s volummous with solated ease
reports there 1 a lack of detailed studies on the neurclogical
sy 2y Stee hepatol far deg tion 15 refatnely
uncommon, case matersal of this disease as a consequence is scant
The symp logy of this cond! howerer, 15 so striking and
so well documented that a large senes of cases would be of hutle
additiona! valve Hepatic coma 15 a more commonly observed
cerebril manifestation of hepatic disease and most studies ase on
thus parcticular phase of the hepato cerebral relatronship Few
studies are avaltble m which cerebral symptomatology has heen
correlated with Iner function and few studtes exist in which the
cerebral and hepatic status have been compared m cases without
com and after the development of coma Further understanding,
of the relationslup of the Iver and bram 1s to be gamed therefore
from a chinical study encompassing these features

Neurologieal symptoms m heptic disese are the result of -
voliement of several different systems within the bram Thus the
pyramidal basal ganghonic and sensory ssstems are affected This
was appreerted b the earh wnters (1-3, 8, 9, 12) Such svmp-
toms as delrem, confusion disonentation, apathy, lethargy and
drowsmess have no foerl source and are regirded as indices of
diffuse i olvement or perhaps as defects in the reticular activat-
mg, or thalamie projection systems These premomtery symptoms
hve been obsened by all i estigators and there 15 no specificity
for this to occur m hepatic coma since sumilar findings more or
less precede coma of any cause To Bright (9) we are indebted for
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normal i the coma group compared with 42 per cent i the non
coma group The alkahine phosphatase was higher on the average
in the non coma group than the group with coma Agamnas hepatic
parenchymal failure progresses the orgn 1s mcapable of metabo
hzmg phosphatase

While the tatal serum protems are withm the normal range
there 15 a marked difference mn the protem fraction values The
serum albumin ss Jow m both groups while the serum globulin 15
elevated The relationship of these values to the thymol turbidity
and cephalin flocculation tests has been discussed No explanation
15 gnven for the relatively less abnormal serum albumin and serum
globulin values i the group with coma Both values were ab
pormal 1 a hugh per cent of the cases

The hemoglobm was lower mn the coma than n the non coma
group and a greater percentage of abnormality was found in the
former This may be due to 1 deficiency of iron or other hemato
poretic substances consequent to the hepatic damage

The prothrombmn time expressed m per cent of normal was
normal n the non coma group and abnormal i the coma group
This Iikewsse 15 a reflection of the imparred ability on the part of
the liver to manufacture prothrombin and 1ts pr s

1t 15 apparent from a consideration of I er function studies that
mereasing hepatic failure underlies coma No sharp lines separates
the pre coma stage from comaatself A gradual transstion oceurs
most mstances Wlile the Liver has many functions and the tests
of that function are thnorm1l to a greater degree durmg comd
than before 1t 1s difficult to ascnibe the coma to any one value
The part played by such factors as yron copper amm® ac)di
cholinesterase cannot be evaluated m this study because of ladl
of data Some consideration howeser will be guen these values
m Chapter IX

\?’hatp :mclusmns shall one draw from these data® Certainly one
can say that there is no single test that heralds either the prccl:z
pomt of hepatic farlure or the pomnt of deyelopment of hepaty
coma Some such pomt must exist but 1ts delmeation is 1)&)0“I
the capacity of the present group of liver function tests “hxc?nﬂn
though useful must be considered somewhat madequate p
sumlar vemn 1t 15 impossible to assess the functionmg capaaity

a liver cell by 1ts app under the ope




Chapter IV

CLINCAL STUDIES: CEREBRAL
MANTESTATIONS OF
HEPATIC DISCASE

INTROQDUCTION

Tm: cENERAL symptomatology of hepatic msufficency 1s well
Inown and while the Iiterature 1s voluminous with wolated case
reports there 15 a Jack of detailed studies on the neurological

logy Since hepatol irr deg 15 relitnely
uncommon case materal of this dise 1se as a consequence 1s scant
The symp logy of this cond hovever 15 50 stukng and
so wiell documented thit 2 farge sencs of cases would be of hittle
additional valye Hepatie coma 1> a more commonly observed
cerebral mamfestation of hepatic disease and most studies are on
this puticular phase of the hepata ccrebral relationship  Few
studies are avaulable 10 which cerebral sumptomatology has been
correlated with Iner function and few stadies exist 1n which the
cerchral and hepatic status have been compared n cases without
comt and after the development of coma Further understanding
of the relonship of the Iiver and brun 1s to be ganed therefore
from 1 chiical studs encompassing these features

Neurological symptoms m heptic diseasce are the result of m
volvement of several different svstems within the brain Thus the
pyvrmdal basal ganghomic tnd sensory svstems are affected This
was appreetated by the earh wnters (13 8 9 12) Such symp-
toms as delrm confusion disonentation apathy lethargy and
drowsiness have no focal source and are regarded as mdices of
diffuse smvolvement or perhaps s defects in the reticular actis2t
myg or thalamuc projection svstems These premonitory symptoms
froe been obseryed by W my csugaors and Yhere 1s no speciicity
for thns to oceur m hepatic coma smee sumbir findings more or
fess precede comn of un cavse To Brght (9) we are mdebted for
57
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an early deseriphion of hepatic coma Pupillary drlatation, spas
modic jerhing of the estrermties, confusion, dysarthric utterances,
foresble flevion of the knees agamst the abdommal wall were
noted Morgagn: () was first to record convulsions and Frerichs
(11) m 1860 noted convulsions n 33 per cent of his cases of acute
yellow atrophy Duning the e olutionary years of progressne len
ticular degeneration, Gowers (15 17), Ormerod (19), Homen (18)
Westphal (13}, Strumpell (21) and Anton (25) observed and re
corded additronl symptoms which Wilson {26) referred to as the
syndrome of the corpus simatum These symptoms, sometimes
fluctuating, with nystagmus and mtention termor nusled West
phal and Strumpell mnto a deration of multsple scl and
as a result of this resemblance, they mtroduced the term pseudo
sclerosis On the other hand Gowers and Ormerod disturbed by
the emotionality and the evanescent symptoms considered hys
terta as a dhag Such diagnoses as multiple scl and hys
teria are stull made by those not famlar with this condition

It 15 evsdent from this brief Justorical consideration that the
nervous system 1s diffusely mvolved n hepatic disease

Although bram symptoms are the most conspicuous partips
tion of other parts of the nervous system cannot be dented There
fore this word should be expanded to a somewhat more mclsive
term—encephalomy elopathy Furthermore the recent itroduction
of the term—portocas al encephalopathy by Sherlock, Summershill
White and Phear (166, 167) has served to broaden the concept of
this relationship

Climicrans who have the opportumty to examine nd treat p3
tients with Iner discase will see some patients with muld neuro
logicnl mamfestabions some wath coma and some that edhybut
transtent or epusodic neurologieal symptoms The clnical course
may pass msidiously and without apparent chinge Iner fune
tion from one state to the other YWhile some doubis g be e
gendered as to the validity of classifying the particspation of the
central nervous system i Iiver disease 1t 15 quite clear that the
symptomatic expression 1s ot the same 1n all cases and that some
eluexdation of this relationshup may be obtamed by an appropnate
classification
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applied at present and that 1t should mclude only instances of
coma and not cases where coms does not eust In addition there
1s a feeling for the eustence of more than one cause of hepatie
coma

The classificrtion proposed here 15 show n 1n Table XV

GROUP [ HEPATOENCEPHALOMYELOPATHY WITHOUT COMA

Climieal Study of the Nervous System m Hepatic Disease without
Coma

The nervous system i hepatic disease shows mvols ement long
before coma develops Although several studres bave been made
of the cerebral nvolvement 1n epidemics of hepatiis there have
been few crittques on the effects of different hepatrc disases on the
central nervous system short of com1 An evaluation of the nerv
ous system n hepatic disease is therefore desiable and neces
sary 1n order to determme to what degree tlus sy stem 1s molved
n varous hepatic states before coma

Forty patients were studied and served as the basis for this
group The case matertal was presented m the previous chapter
along with a brief discussion of the hepatic symptomatolog
Upon adrussion ta the hosputal all the cases in this study were per
sonally evammed m detad for evidence of mvohement of the
nervous system Laver function studies were done mmmediately
upon ~dmission so that no appreciable time lag evsts between
laboratory data and clinenl findings The neurological exammna
tion was done m all patients 1n the same manner and conststed of
an evaluation of the cransal nerves refleces muscle strength eo
ordmation gast sensation wnd mental capacity and visual fields
It 15 recogmzed that there are hoth 1dyvwtrges wnd disads tatages
to this tvpe of evaluation The advantages bemg those of umform
ity of exammation by a truned indwidual and the disady antages
besng those of a prejudiced evaluation Electroencephilograms
were done m six mstances In this group as 1 whole there wasmo
evidence of any prior euisting neurological disturbance Asympto
matic hypertension was present m one case (Cise 35) and hypo
thyrordism was present m one stance (Case 28} The dagnosts
of the Iner disturbance was made on the hasis of clinteal examind
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tion, hver biopsy and by exploratory laparotomy wlich was done
m 8 cases

Neurological Findings in Hepatic Disease without Coma

Neurological examnation showed mvolsement of all parts of
the nervous system with the exception of the peripheral nerves
Table AVI shows the relatne frequency of the neurological find-
ings

Cxamination of this table shows that newrological findings oc-
curred 1 675 per cent of the cases There were no detectable
neurologieal signs or symptoms 1n 32 per cent Further examma-
tion shows the greater frequency of molsement of the pyramidal
and extrapyramdl symptoms as mamfest by hy perreflexia, toe

TABTE NV

TRVGCPNCT oF ML ATLOGICSL FADINGS 1 40 Crara op
Hrpamic DsEwr wirnort Costy

Number of Per Contof
Cases Cavws
Cranal nrve mvols ement 2 5
Refleses Tncreascd b1 475
rased 4 10
Normal " =
€1 nus ® 2
Puntive toe agny 19 irs
Weaknew 1 ilvteral 2 4
Hemiparews 3 5
Feohsted muwle e 5
Muxk atrophv 2 5
Rugelity 6 4
Spasticity + w
Conrhination Gaik atave * 3
Romberg 1 25
Grows irenices i 75
Tutention tremor 3 T3
Athetass 1 23
Mydome m nements * 1s
Lethargy 7 73
D ventatian 7 T3
Convada ne [ 25
No esses with vt fndings 13 s
No Caser with fntings 7 s
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signs, and tremors respectively The cramal nerves as a whole
were not myelved except 1n two mstances, one of which showed
nystagmus and the otber a paresis of the third cramal nerve on
one side The reflexes were normal in 17 cases, decreased m 4 and
were hyperactive either bilaterally or umlaterally 1n 19 or 47 per
cent of the cases Dorsiflevion of the toes was evident 1 47 5 per
cent of the cases Ankle and knee clonus were present i 20 per
cent of the cases Weakness was more often bilateral than um
lateral although a hemiparests was noted m 15 per cent of the
eases while spasticity was m general mild and present mn 10 per
cent

Extrapyramidal symptomatology was manifest by ngidity,
tremors and athetotic movements and was presentin 15,175 and
25 per cent of the cases, respectnely Ataxia, mtention tremor
and a positive Romberg sign were noted 1n a small number of
cases Lethargy and shght disonientation were present m 75 per
cent One case had grand mal seizures without prior lustory, and
one individual show ed myoclonic moyements

In order to determme whether neurological findmgs are more
prone to develop in certam hepatic diseases more than others, the
svmp logy was 1 1 portal arrhosss, obstructive
cirrhosis and hepatips of all types Table AVII shows the fre
queney of neurological findings m each of these disenses

This table shaws a greater percentage of neurological findings
1 portal curhosis than 1n oebstructive curhosis or hepatitis The
explanation for this 15 not difficult The cases of hepatitis were
seen m most wnstances at the first admission to the hospital
whereas some of the mdniduals with portal eirhosis hid had
several admissions to the hosprtal indicating tht a greater degree

TABLF \VTI

Fregrency or Neonotoatcsr, Frvomnea iv Trmsr Forys or Heparic Disesse

B N Total Vo Ncurolog cal Find rgs
of Coves No of Cases  Fpof Caves
Portal airrt owts 18 1 o
Obstructrve currhosts 7 3 ;)

Hepatius 17 1
epattss o —
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chmeally 1n 55 cases of varied hepatic disease Sev enty per cent of
the cases had neurologieal findings but this included 26 eases of
coma Waggoner and Malimud (48) noted neurological symptoms
m 5 cases of drverse hepatic disease and noted the predommance
of hyperhinetic extrapyramidal symptomatology which closely
resembled that of Wilson’s disease Two of the cases showed al
ternating mental confusion and a more diffuse volsement of the
central nervous system The authors believed that any type of he
patic disease can produce changes i the central nervous system
Eptdemics of hepatitis have provided a means of evaluatmg the
nervous system m this form of hepatic disease Cameron (170}
1943 found 2 cases with neurological findings consisting of paresis
of accommodation out of 170 cases of nfectious hepatitts Lescher
(68) 1n 1944 reported headache, delirium, convulsions and coma
and felt these findings were due to generalized mfection rather
than to any specific effect of the hepatic disease on the nervous
system Menmgitis was the most frequent finding Severe neuro
logical signs and sy mptoms were frequent 1n cases of hepatitis that
ended fatally according to Lucke (62) Lethargy, coma, excite
ment, restl delmum, g speech, weakness and 1n-
creased reflexes were noted to develop 10 days before death m 83
per cent of the cases reported Spence and Ogilvie (171) 1n 1027
found lethargy, stupor, shriekmg, crymg and convulsions 1n 16
out of 25 cases of acute yellow atrophy Dysphagia, nasal speech,
palsy of the sixth cranal nerve are also noted mn these cases
Muscular ngidity, hvperactive reflexes, dorsifievion of the toes on
plantar stimulation and chorerform movements were reportcd}l“}
Stokes Owens and Hohnes (63) Dozarets and Belousova (172)
reported apathy, stupor, atavia hy poreflevi, and paresis
hepatitis and m most mnstances the changes were reversible
Letbowitz and Gorman (65) grouped the neurologieal symptoms
of hepatitis mto menmngeal, encephalttic, polyneuntic and mvé
Litic The authors found one case of memngitis out of 1365 cases
gleaned from the literature The memngeal signs usually nppﬂ:;
before the onset of jaundice Encephalitis, polyneuntis :m5
myehtts are not common Byme and Taylor (67) reported on
cases of mfectious hepatitis with neurological findmgs which 1
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Cardon and Atlas (182), 1n 1943, exammed the sert of 4370
patients and found 54 with hyperprotemermia Of these, the ma
jonty had hepatic disease and hyperglobulinemia was often found
Bing and Neel (183, 184), m 1936 and 1937, reported § cases of
hyperglobulinemia with changes m the central neryous system
One case had prmanly spmal cord symptomtology and was
clmeally dirgnosed as thrombosis of the antenor spmal artery
Another case had positive Babmshi reflexes and a left hemiparests
At autopsy the brain contamed genustocytic astrocy tes, Alzhermer
cells, ghal proliferation and some demyelmation The lier showed
fatty degeneration Although the role of protem metabolism m
bram function 1s obscure 1t 1s mentioned at this pomnt to emphasize
that newer mstrumentation and techmgqy tly brocl !
—~have added to our knowledge and that perhaps some relation
ship exists between brun function and protein metabolism

Hemochromatosis has no particular Iver function profile T!
abpormal tests are the same as m portal currhosis of any bp
Diabetes 1s evident as a rule, but m Case 28 nio diabetes could 1
demonstrated despite other mamfestations of the disease Tw
cases of hemochromatosis are mcluded 1n this study In one ca!
no diabetes could be demonstrated and neurological sympton
were absent whereas mn the other case diabetes was present a0
diffuse neurological symptoms were present In both mstnces tf
Inver biopsy confirmed the diagnosis and Iner function studic
were relatively normal Hemochromatosis 15 usually neurologicall
asymptomatic until Iner function 1s greatly impured One ¢%
of hepatolenticular degeneration was mcluded m this group ¢
patients This disease 1s discussed i Chapter IX

Tius chapter has presented evidence dered from a clnict
studs of 40 patients and a review of the literature that the nervou
system shows clmical mamifestations m milder degrees of hepat
damage as a result of a variety of etiological agents Yt duts it
seem possible to make any speafic correlations between lve
function tests and clmical symptomatology or between cerebra
mamfestations and Inver function tests The hepatic reserve mus
be of such a nature and degree that coma producing substance
are not Liberated The tremendous resery e of the liver 15 an impor
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tant factor 1n this regard ‘The diffcrence between coma and the
alert state 1s bhe mght and day but no such dramatic difference 1s
apparent sn the Iner which 1s 1ccompanied by coma and one that
15 not

No explanations are advanced for the biochemienl defects that
underhie such symptoms Presumably the defect 1s reversible and
mmmmal and s all probability the symptoms arc the result of
alterations 1 enzyme and sonic systems sesulting s esther defec
tive synaptie transmusston or defectine axonal conduction The
answer to ths ts nat forthonming watl more 15 known ahout the
defects 1 hepatic functsion snaident to discase of this organ



Chapter V

CLINICAL STUDIES {Continued)

GRQUP II EPISQDIC, TRANSIENT
C HEPATOENCEPHALOMYELOPATHY
EREBRAL svmptoms in hepatic disease are often episodic This
pecuhar feature was noted and recorded by the anctents and has
since been stressed mn numerous publications Substantiatton of
climeal obser ations has been proyided by the Eel fistula anumals
1 which this phenomena was observed and related to the sges
tion of meat, or other protemn substances Gustad (185) m 1849
emphasized the attacks of transient encephalopathy (hepatargy)
which could be provoked by gastromtestinal hemorrhages, urea
and certamn other substances This was ascribed to some failure m
nitrogen metabohsm and the author noted mitrogenous substances
n the urme and blood during the attacks but he was unable to
wdentify them In 1953 McDermott and Adams (186) m a very
mteresting paper, reported on a case 1 which episodic stupor oc-
curred following an Eck fistula performed because of carcmoma
of the head of the pancreas The hver m thns case was normal
Dunng the £fth postoperative week the patient developed ept
sodes of stupor confusion coma ngidity, reflex grasping sucking
and extensor plantar reflexes The onset was always acute pro
gressed for several days and then subsided as rapidly as it had be
gun In a peniod of 6 months the pattent had 16 such episodes It
was noted that the blood ammoma Jevel was elevated 50 to 75
micrograms above the normal Reproduction of the newrologteal
disturbance and the elevated blaod ammoma level nas pro\ol?d
by the ingestion of a high protemn diet ammonsm chlonde ures
and ammom liberating cation exchange resms
There scems httle doubt in this case and m the Ech Bstula dog
that mtrogenous metabolites m by passing the Iner cause dnsrn?
tion of cerebral function This dhffers howeser, from the sta'e
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of affairs in the episodic symptoms occurmng as @ result of Iner
dumage In the Ech animals and the case ested by McDermott and
Adms (186) the Incr 15 normal or at Jeast no obyvious damage 15
apparent although this 15 open to argument smce a i er depred
of 1ts portal blood supply eannot function normally Furthermore,
nesther case mntates the state of a diseased Iiner with collatert!
airculation smee the htter also allows some blood to flow into the
Tiver agam wheres the Eck fistula does not The fistula, therefore,
enables the prssage of unaltired mitrogenous substances 1 some
concentration past the normal hver mio the generid erculation
Eventually these reach the Iver stself via the hepatic arteny al-
though what effcct this has 1s unknown In the discased state 1t 15
aither the episodic Iner failure that 15 responsible for the cercbral
episodicrty or 3t 15 & combuntion of fner fadure plus a byv-pass In
some ©1ses 1t 4 true that a non surgseal hver by-pass sa collateral
chwnmels or even an mternal Lok fstula wathin the Iner stself
may exst without any climeal evidence Nesertheless sonte differ
ences exst between the two states Sheslock ef ol (166) noted
severe ner damage that the ammona levels in the hepatic vemn
exceeded those w the perspheral veins mdicating that ammonia
had passed through a damaged Inver or had been produced by the
Iner and was, furthermore, 1 a greater concentration than in the
general senous crculation Conversely tn patients with portal sys-
temme collaterals the ammonia Jesels m the penpheral vems is
higher than that m the hepatic vems suggestmg that ammoma
dos not pass through the damaged Wver These facts, difficult to
mterpret and i need of chinfication do not, howeser, explun the
episocicaty which so Far his heen rclated ouly to evcess mtroge-
nous substanees w the gasteomtestinl teact” Although i some
cases ammania scems to be the provocative agent in the hight of
recent matenal discussed m the next chapter, this cannot be ac-
cepted as the ouly ciuse since coma or stupor may eust without
any clevations i blood ammontt dadds

The recurrent nature imphang reversitality, has been hnked to
othcr metaholites A garallel course between cceeheal sviptoms
and bilinabun levels ¢an be shown to ocenr aver Jong periods if the
vue s followed doseh A fall in the serom bilindtan is sccom
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pamed by clearmg of the neurological symptoms whereas a nsing
bibrubm 15 accompanted by progressive cerebral imyoliement
This does not mean that the latter 1s due to the bilirubm alone
smce this probably only reflects, as far as 1s known, the state of
Iser function m general Nesbitt (187) studied the daly unnary
coproporphyrm excretion m 4 patients n acute heprtte msuff
ciency with eprsodic neurologe symptoms rangmg from mild dis
onentation to frank psy choses and coma Prior to and durng each
episode of acute msufficiency the excretion of coproporphyrmn de-
creased only to nse agan when neurological symptoms disap
peared The authors, however, related this also to the obguma
that accompanied the episodicity

Amatuzio and Nesbutt (93) correlated an abrupt nse of pyruvic
aeid with coma and a fall 1n blood levels with improvement sug
gesting an mability of the liver to assimilate pyruvic acid, a neces
sary substance for the Kreb's ¢ycle

In the series of eases constituting this study there were 7 cases
out of 42 that had transient episodes of coma Unfortunately no
specific correlations were made with hver function studies for
companson with the group of progressive fatal coma

Although this 1s a clinical classification based on the observed
nervous system symptomatology the melusion of this state of
transtent stupor as a separate categorv may generate cuticism I
defence of 1t 15 the fact that this 15 a climeal classificinon and
ntermuttency 15 observed m some cases for which there must
be some explination Secondly, while correlationships with ele
vated blood ammonta levels have been noted these are mcon
stant Furthermore correlations have been made between the m
termittency and pyruvic acud levels and coproporphyrm excre
tion These correlations do not mean that these substances are the
cause of the mtermuttent state either but do suggest that ammon2
13 not the only factor These cbhservations tond to differentiate s
from the portocayal encephalopathy discussed m Chapter seven
which appears to have a defimite relationship to defects i am
monsa metabolism Before one can determme the explanation fof
the reversibility one must know what the precipitating factor o8
factors are We should not err i assuming that the bram p:x:mcb
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Chapter VI

CLINICAL STUDIES (Continued)

GROUP III HEPATOENCEPHALOMYELOPATHY WITH COMA

Tm: DEVELOPMENT of a state of unconsciousness dunng the
course of hepatic disease has intngued men of medicme for
centurtes Such a strking and dramatic event was recorded by
early medical wniters and doubtless observed by countless other
mdividuals This association has been the subject of mnumerable
medical reports especially during the nineteenth century It has
also been the subject of considerable speculation and theonzing
We are only but shghtly farther ahead towards a solution to this
problems now than 100 years ago Innumerable other problems
both m and out of medicine have been sohved durmg this hime yet
this relationship remains an emgma Great stndes have been
made within the past decade but the solution remans obscure

From the lustorical standpomt hittle needs to be added at this
time to what has already been mentioned m chapter one since the
early hustory and development of the bram lver relatonship 15
also one of hepatic coma

As a prelude to a study of hepatic coma termmology must be
defined properly At present, the term hepatic coma 1s Toosely
and incorrectly applied and as a consequence comparisons are
less meanmgful McDermott, Wareham and Ruddell (188) em
ployed the term hepatic coma *to refer to patients with dlsease;
of the hver or portal airculation who mamifest varying degrees 01
encephalopathy ” This would mmply the mclusion of all cerebra
symptomatology 1n hepatic disease under the term hepatic coma
Davidson, m discussng hepatic coma m Schuffs text (112) on
Discases of the Lwver, admits the hmitations but uses the th;
1n a swmlar manner as he says “The term hepatic coma, i spite 0
the hmitations that all patients may not be ar even become
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CLINICAL STUDIES (Continued)
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Hepatic Coma due to Liver Failure

The extent of the hepatic lesion or m other words, the hepatic
reserye, 1s the chief determinmng factor 1n the production of coma
Mild degrees of ver damage are not accompanted by neuro
logrcal symptoms whereas severe Iver disease 1s always accom
pamed by neurological changes In turning to the Liver one might
ash what are the sigmificant signs of Liver failure? It 1s apparent
that smmlar symptoms are present m the diseased but compen
sated hiver as are present mn the decompensated Iner The chnician
determunes the latter state by the progression of symptoms There
1s no sharp diidimg hne that 1s climcally determinable since no
new symptoms appear at the moment decompensation sets in and
mndeed coma may occur without decompensation on the part of
the hver although ths 1s the exception rather than the rule The
degree of hepatic failure in this study has been discussed m
Chapter ITI In Table XII the clmical symptoms of hepatic dis
ease with and without coma were compared and attention 1s m
vited again to the similanty of the symptoms in liver damage m
the groups with coma and without coma

Sumilar generalizations may be made with reference to the labo
ratory findings i hepatic disease Again no single test delmeates

the pont of d pensation and the cl reltes on senal tests
to determme the development of this state
The lack of sigmfi laboratory findings has been noted by

many mvestigators (60, 61, 160, 162, 144) Walshe (61) could find
no changes m the protems although blood ammo zcids \\ef;
elevated Murphy, Chalmers, Eckhardt and Dawvidson (144) note!
a nise m the blood urea mtrogen, white cell count, and 2 decrease
m plasma carbon dioude No alterations of sigmficance were
found 1n the bilirubin thymol turbidity, cephalm floceulation D;’
prothrombin concentration The cercbrospmal flud was noma
although small amounts of bilirubin appeared in the cerebrospima
flud when the serum bilrubin reached values i excess of 13 to
20 milligrams per 100 cubic centimeters

Neurological Findmgs While a detarled neurological examina
tion was made 1n but 13 of the 42 cases, the chimeal mamfestations
were charactenstic enough so that gross neurological disturbances
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sult of progressive hver failure 1t may be precipitated sudde
by complicating factors such as the use of hypnotics and sedat:
gastromtestnal hemorrhage and mfections, pulmonary or ot}
wise A vanety of signs were found on neurological examnat
Hyperactne reflexes, positive toe signs (Babmsht and other
flexes), spasticaty and clonus were found 1n 12 per cent of the ca
Hemiparesis was noted 1n 2 cases and evidence of bilateral imvol
ment of the pyramidal tract was observed in 8 cases The sn
number of e1ses with findings referable to the basal gangh.
noteworthy as only 7 cases were observed with tremors and m
cular ngidity Tlus 15 1n contradistinction to the emphasis pla
upon the so called flapping tremor by other authors There
no doubt that this tremor does occur m some patients but
by no means a regular feature The tremor 1s not present at 1
and 15 therefore 2 tremor of action or mtention Furthermore, |
moyements are not sumply a tremor but are compounded acts %
features of tremor and athetosts Such symptoms arise from ¢
turbances 1n the dentate nucleus the red nucleus and sts c
nections thus implicating the cercbellum m the neurolog:
symptomatology Tremors are not specific to any disease ty
or etologic factor and are better related to location than to |
thology They m1y occur as a result of muscular weakness 2
fatigue 1 addition to the basal ganglia and cerebellar sourc
Tremors of this type are seen 1n a vanety of disordess mclud
Wilson’s disease multiple sclerosss, cerebral neoplasms and follo
g, vascular msults There 1s therefore, no speafictty to th
tremor Adams nd Foley (190) reported identical tremors
uremia polycythemia and hypokalemic stupors It 15 present
the precom? stages and tends to disappear as coma sets in
Discusston  The symptoms recorded here and noted by othe
demonstrate the difiuse nature and mult: system involsement
the brun m hepatic discase The symptoms i general, we
sumilar regardless of the type of hver disease and no spemﬁc g
relations can be made with hepatic symptoms or Jaboratory fine
ngs except that the latter seem to indicate a more severe deg
of Iner disease when coma develops This 1s not always the e
however as this sertes 1s biased m favor of coma and 1s not 2 i
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that underly this event are chiefly concerned with mitrogen am
moua metabolism and will be discussed 1 the next chapter
LePage (191) demonstrated that 75 to 80 per cent of the oxygen
supply to the hiver 15 carned via the portal vemn so that hepatic
anovia might be expected from severe hemorrhage and result m
a depletion of adenosme diphosphate and triphosphate m the
bramn

The use of narcotics, hypnotics and sedatnes all of which are
metabolized in part by the ser have a questionable role in the
treatment of hepatic coma The mabiltty of the damaged Iner to
properly metabolize these drugs, allowing their accumulation
often precipitates coma This possitality 15 to be considered m
treating the excited agitated pre coma states

Infections, nresp e of location hhewise predispose to the
development of, or precipitation mto, coma In this seres of cases
pulmonary mfections were found at autopsy m 14 cases all of
which were termimal and asymptomatic In most cases the lesion
was a bronchopneumonia and in 4 cases, a purulent bronchitis
The Jeucocytosis obsered m 15 cases was m part related to the
pulmonary nfections Chmcal symptoms and laboratory data m
patients with and without pulmonary infections are recorded m
Table XX In this study the degree of the hepatic disease was
simlar regardless of whether complications were present or not
There 1 httle doubt, honever, that other factors added to the
development of the coma

Throughout the vears there has been a tendency to wmpute onc
substance as the cause of the cerebral symptoms It 15 quite ob
vous that not only are there mnumerable proven biochemieal
defects ansing as a result of the failing hver but there re second
ary features ansing as a result of the falmg huer and there are
secondary precipitating features as those described above Itisno
wonder that we do not know the cause of these cerebral symp-
torns Many of these whether abnormally lugh or low have a0
mpact on bram metabohsm and 1t 1s hkely that seteral defects
are at fault rather than one not only because of the polybiochem
cal defects but also because the bram alterations are polysyste

matic
Adams and Foley (60) 1n a study of 55 panents of hver disease
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Electroencephalography Much has been wntten on the use of
electroencephalography m hepatic diseases Foley, Watson and
Adams (192), m 1952 descnbed the electroencephalographic
changes 1 hepatic coma The case material consisted of 26 cases
with liver disease, 10 of which had no chinica) evidence of dis
turbed cerebral function except for a state of coma Imbally the
electroencephalographic activity consisted of short bilaterally
synchronous bursts of slow activity m the frontal regions with 2
spread towards the occpital regions The alpha thythm was pre
served The components of the slow actinaty consisted of a blunt
spthe and slow wave which were either fused or sepwate When
separate they cannot be distinguished from the electncal actity
associated with petit mal epilepsy The source of these electro
graphic alterations was considered to be metabolic disturbances
acting prumanly on the thalamocorhical projection systems Bick
ford and Butt (193), m 1953, discussed the electrographic features
of hepatie coma and described 4 to 6 per second actity m the
precoma state, tuphasic biaterally synchronous slow activity m
the deeper stages resembling cye blink artifacts, and delta (1 to 3
per second) activity diffuse and arrhy thmie 1 the termmal stages

In 1954, McDermott and Adams (194) described the electro

phalog; during episodic stupor m which bursts of In
laterally synchronous slow waves of (4 to 7 per second) Tugh
voltage actvity correlated with stupor, random deltr waves with
deep coma and more alert stages with normal actity  Close ex
amination of the graph presented, however, does not show very
good correlaion The heights of the lmes of My 12 16 and
September 15 are approximately the s1me indicatmg the same
degree of electrical abnormahty but are associated with ew;ll}’
opposite neurological states on the dates mentioned  In other
words the electroencephalogram was approxumateh the same
when the patient was comatose as when he was more alert Per
haps a tune lag accounts for the discrepancies noted While thus
article demonstrated some electrographe changes under the con
ditions descnibed they must not be recorded ag support for the
electrographic changes m Iner disease because m the case de
scribed the anastomoss was made between the iferior mesenteric
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any way different from other types of coma Slow rhythms were
predommant Of the 6 electroencephalograms m the non coma
group 4 were abnormal showmng slow sctivity m all leads and
2 were normal It would seem that Ittle 15 to be ganed by the
use of this instrument mn its present form m evaluating cerebro
hepatic relationships

Treatment There 15 no specific treatment for hepatic coma and
therapy 1s largely one of personal preference The ancients re
corded good results with purgatnes Intravenous glicose was
advocated by Snell and Butt (99), glutamuc 2cid was first recom
mended by Walshe (197), 1n 1952, cortisone plus antibiotics rec
ommended by Ducer and hatz (195) and Goldbloom and Sterg
mann (199) also recommended aureomycin therapy m hepatic
nsufliciency, Latner (200, 201) advocated in infusion of 10 per
cent dextrose 1n sthine, 50 milligrams of thramine hydrochlonde
150 mulligrams of cicotmamude, 50 muligrams of miboflavin and
035 gram of potasstum chloride with the addition of transfustons
1,000 000 umts of pemenlhin per day and 300 milligrams of alpha
tocopherol intramuscularly On this regime, 1 death occurred out
of 5 cases and m a later report on 30 cases, the mortality was be
teeen 10 and 20 per cent (201) Lattle 1s to be gamed by a quota
tion of treatment methods or mortality stitistics m this condion
for the mortalty 1s umversally high regardless of the therap)
Two therapeutic advances of recent years have been the use o
Jow protem diet and the use of antibiotics The latter have been
employed to cut down the mtestinal bactenial achon and henc;
the hberation of mitrogenous products mto the portal system :;]n
also to prevent or to dimnish bacteral mvasion of, and furl)er
damage to, the Iver It may be said here that m some cases this
15 effective and m others 1t 15 not Their use perhaps would be
mdicated if one could be cestam of the presence of a liver by pass
and of the reproduction of cerebral symptoms by igh pwl”l‘)’;
mgestion In this ty pe of case 1t might be helpful, but this 15

ranteed

gu;(::g:es by Rutamura (202, 203, 204) on the mftuence of n:ammBB
complexes on hver function demonstrated that while vitamm ’;
had no effect on the detoufymg function of ner, the riboflany
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Chapter VIJ

CLINICAL STUDIES (Continued)

GROUP Il HEPATOENCEPHALOMYELOPATHY WITH COMA
Hepat, 1 pathy S dary to Portocaval Shunting

\ \
P Y
(Portal Systemic Encephalopathy}

Tm:}m 15 hittle doubt that this entity described by Sherlock (166,
167) eusts What 15 m doubt, 1s the real explanation for this
phenomena Sherlock has Iisted the requirements of this cond:
tion as follows a collateral portal-venous circulation, a source of
mitrogenous substance (blood from gastromtestinal hemorrhage,
ingestion of proten, urea or ammonium chlonde, or the bactenal
action 1n the mtestine) and a diseased hver The underlymng bio
chemical alteration has been ascribed to the circumnavigation of
the liver through collateral channels by large quantities of am
monia~which (see Fig 9) cause cerebral changes including stupor,
coma and electrographic alterations

This 1s a mechanism that could be covered by the ‘ toxie” theory
but as suggested m the hustorical account 1t 15 not a towin m the
sense of an exogenous compound that 1s foreign to the body Ihe
arsenic, but rather, 1t 15 merely an altered excess of a substance
normally metabolized 1 the body The mechanism as described
appears to be smple and straightforward but its chief draw back
15 that the cerebral symptoms do not always correlate with the
blood ammonia levels The subject of deranged ammonia metab
ohsm as a cause of cerebral symptoms 15 currently m vogue an!
there are just as many mnvestigators for st as there are agamst it
This fact alone contributes somewhat to its downfall as the pnme
cause The theory has been postulated that the ammonta disrupts
the Kreb’s cycle by combmmng with alpha ketoglutarc acid to
form glutamme thus mhibiting the production of Adenosine tn
phosphate (ATP), a necessary substance for bram function It
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quite clear that the ammoma levels do not murror the cerebral
symptoms 1n all cases, for elevated levels are found where neuro-
logacal symptoms are absent as well as when present Furthermore
glutamic acid, which 1s given therapeutically to combine or bind
the ammoma, supposedly 1n excess, does not always relieve the
comatose condition These facts are discussed later

Before one exammes the pros and cons of this relationship a
brief historical note 15 necessary The early lustory of this phe
nomena was born out of the expermments of Hahn, Massen, Nencht
and Pawlow (71), in 1893, and Nikola Eck (207), in 1877 both
of whom observed the ph of meat 1on m the
Eck fistulized ammal Van Coulaert and Deviller (208), in 1923
Mongiuo and Krause (209), in 1934, and Kirk (210) m 1936
noted similar effects of meat mtoxication m the Eck ammal The
latter was of the opinion that since the synthesis of urea rematns
normal mn curhosss, the ammonin intoxieation must develop as a
result of the collateral circulation and hepatic by pass Since then
numerous papers have reported elevated ammoma levels 1
hepatic coma (166, 169, 188, 195, 197, 211, 212, 213 214) Walshe
(197) first used glutamic acid i the treatment of hepatic coma
which not only gave some support to the ammonia theory but
which also precipitated some of the discussion and confusion 1
the hterature

Perhaps one reason for the difference of opinions on the rofe of
ammonma lies within the test itself The techmque of ammonia
determination most commonly used 1s that of Conway (215-217)
and 1s fraught with difficulties for the test must be done rapudly
According to this techmgque, the normal peripheral blood ammoma
levels hie between 44 and 71 ug of ammonia mitrogen for 100 cubie
centimeters of blood In resting patients without Iner disease
there 1s no measurable blood ammoma 1n the penpheral arcula
tion o o d

The sources of the portal vemn are g 1
to be the result of the breakdown of blood in the gastmmtcs!mn'
tract by enzymatic action and by the actwity of gastromtestind
hacterial and non bactenal enzymatic systems on ingested protein
Urea and ammomum chlonde are exogenous sources of ammonna







88 Licer Brain Relationships

enaugh with the blood ammoma values to establish a casual rela
tionship of ammonra to hepatic coma

Hepatic vemn and penipheral vemn cathetenzation studies by
White, Phear, Summerslll, Sherlock and Cole (211) showed an
elevation of ammoma Jevels m the portal vem and m all patients
studied with hepatic disease and neurological symptoms How
ever,  the patients with severe liver damage, the ammoma Jesel
m the hepatic vem exceeded that of the peripheral veins, mdicat
ing that ammonia passed through a damaged liver or was formed
m 1t while patients with a portal systemic colfateral circulation
the ammonia level in the peripheral vemns was igher than in the
hepatic vems Although these observations do not necessanly
mitigate agamst the ammonia theory, they do indicate that the
damaged Tiver 1tself has something to do with ammomia and that
the phenomenon 1s not entirely a hiver by pass mechamism Pa
tients with very severe lver disease do show encephalopathy, but
the exciting agents mentioned above do not work and this may be
a diferential pomnt between the portal encephalopathy and en
cephalopathy from severe hyer damage

In 2 study of 8 patients with hepatic coma by Faloon, Anchin
closs, Eich and Gitbert (227), catheterization studies of the mfenor
vena cava, the hepatic vem and the nght aurncle were made and
ammonia determmations along with simultaneous artepal am
mona determmations were performed Jt was shown that the
penpheral tissues remove ammoma, that the ammomna levels mf
crease as the blood traverses the lungs and that the shunt 15 0!
greater sigmficance m the production of elevated blood ammom?
Tevels than 1s defective hepatie extraction The mncrease m artend
ammonia levels over the venous levels suggests that other factors
are brought mto play—m this case the lungs The nature of thhe
particular relahionship remains obscure yet 1t pomts out that :h:
encephalopathy regardless of type is not strictly confined to "
hiver and that other organs participate m its production to som
extent &

The ammona tolerance 1n normal mdwiduals and those wnk
hiver disease was studied by White, Phear, Summershill, SherIOC)
and Cole (211) who demonstrated a rapid nse m the penpherd
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and 1ts annde are very important 1n bram metabohsm since the
two substances together account for 40 to §0 per cent of the total
ammo carboxyl N of the brain Glutamic acid 1s one of the few
free amino acids of any appreciable concentration n the bram It
1s mvolied 1o three enzymatic reactions, e g, dearmnatton, trans
ammation and anudation which are mtegrated to one system
whose function 1s the deiomzation and removal of mtracellular
ammoma

What, then, 1s the result of the ammona excess i ths relatton
shup? If, there 15 an abnormal amount of circulating ammonia in

Glutam pe Synthes s Reductve Amat on of of- Ketoglutorate
0 COH 0 C-OH 0 COH Of'ZOH
L} I} !
H C NH, H C NH, co H C NHy
[} HOH ! ] 1
NHy + H-C-H —_—~ HCH HCH +NHy === HC-H
t ATP | 1 gutamc |
H-C K HCH HCH dehydragendsey C-H
! ! ! )
0=C OH 0 C NH, 0:C OH © c-0d
Glutam ¢ Ac d Glutamne | of Keloglutore Acd Gltome Aad
Fic 10 Showng the formul of gl bv the comb of am

momia and glutamie acid ATP 15 necbcssar) for this reaction Fcesses of
ammonta may alsa combme with alpha keto-glutanc acid to form glutamic
acid thus disrupting the krebs eycle

hepatic disease, and there appears to be, and if thus 15 the cause of
the cerebral changes, what 1s the mechamism? Is 1t due to the touc
effects of the ammontum ton? Is 1t due to the disruption of the
Krebs cycle by removal of a keto glutarate with a consequent re-
duction 1n the amount of adenosme triphosphate available for
energy reactions? Or 1s 1t because of some other mechanism en
tirely i which the ammona derangement 15 merely a companion
to some other biochemical change? We do not have enough m
formation to categoncally answer these possibilities A few facts
and observations are known that shed some hght

Webster (228) reported an mereased NH, uptake by the b.rzug
after the oral imgestion of protem, urea and NH,Cl Bessman anl
Bradley (229) and Bessman and Bessman (212) studied the artend
and venous blood ammonta levels and found that 1 hepatic
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GITRIC AGID OR TRICARBOXYLIC ACID CYCLE
KREBS CYCLE

cargonvorare ¥ [erorem |* [Far J*
l ASPARTATE
OXALOACETATE
’ ACETYL CoA
POOL.
PYRUVATE %
malic
dehydrogenase
o, CITRATE
MALATE k%,
'64,0%* aconitase
fumarase
* CISACONITATE
FUMARATE coue
3
demparans o ¥ 3'5‘*»0
o
ehydrogenase «00‘;@ ar@‘},,o‘@ ISOCITRATE
succinaTE <5 % socttric
dehydrogenase
o-KETO GLUTARATE OXALOSUCCINATE
*

GLUTAMATE {————————— PROTEIN

£
he acid cycle (hrebs eycle) 15 a senes of
}“Jc 1‘1“ The atne or tr‘lc:ubuxyl c nid oo ’;:m spootc :'I,
ans
vmes The cycle occurs in the liver brain and perhaps other org:
kzhough all ecl)ements of the cycle are important those r;a&e%oxlglm;’l:
astenisk are particularly so 1n so far as the brain 15 concernet rbohydrate,

This hypothesss although possible 15 lacking 1n proof
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eral vewn 10ns (236) B and Bradley
{229) belteve 1t incorrect to incriminate one substance hhe am
monta when (a) the levels are not proportional to the nevrdlogieal
symptoms and (b} the cerebral change i hepatic coma resulting
from hepanitis or to a severe currhosis varv as does the picture of
anndruadual with a portal caval anastomosts

The problem remams unsettled Whatever the mechamsm, there
are cercbral symptoms which should be mentioned

The signs and symptoms of this condition whether or not due
to ammonia mntodcation are simikar to those OCCwmng M coma
resulting from lver disease without a shunt Two aspects of this
symptomatology should be mentioned Quite often ths disturbed
relationship may present 1tself as a chrome psychiatne disorder
aud this has been emphasized by Summershll, Sherlock and
Davidson (237) and Summerskill Davidson Sherfock and Stemer
(238) The psychitrc symptoms vary from the neurotic to the
psychottc and mcfude alterations of pmsonaht), mood, nteffect
and dusturt 1 visual p resembling that
abserved with LSD and mesc.lhne Irke hallucinogenic substances
Depression, cyclothymue states, motor retardation catatonie ept
sodes mutism, recurrent mame reactions have all been deserbed
1 this condition A second aspect worthy of mention 15 that the

logic and psycluatne are not speaific of any par-

tculwe ehologm factor and i the absence of obvious Iver symp
toms may lead the clucian down the incorrect pathway unless he
35 cogmizant of them In a report by Summershill and assaciates
(237) on 17 patients with chrome hver disease and collateral exreu-
latton 12 pahents extibtted psychotic or nenrctic reactions The
ttial duagnosts based upon the neumps)chmtnc symptoms

caused ¢l to d such as anvety state,
frontal Jobe tumors narcolepsy, ps)chomotor epxlcpsy multiple
sclerosis atavia, hystena dep psychosts 15 and
Park Asa 7 of this 1t behooves the psychna

trist and neurologist and stermist to bear i mind this disordered
relationslup as an ctiological factor for such symptoms
Surmmershall and assoctates (ZT') Hunt and Winttard (235) have

pt d the of bosis of the portal vem as a

P
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canse of the cerebral sympk The ‘] of such thromb
m cuthosss has been reported at 11 per cent The onset of acute
neuropsy chiatne symptoms after portal sy stermie anastomosis may
be due to portal vein thrombosis according to the latter These
authors commented upon the mane civility politeness and agree
ability s a sign of mewprent coma The abruptness of onset 1s
also noteworthy

No specific statsstics i support of this entity are avatlable from
the case matenal studied mn this monograph sce two of the
Tequmrements were not performed The cases were stuthed before
transplenal portavenography became popular and blood ammonia
levels were done 1n too few cases to be of any help Doubtless
there were cases of portal caval encephalomyelopathy m this
group but without clear cut evidence of portal systemsc collateral
arculation one could not be absolutely positve If one takes as
evdence of postal collaterl circulation splenomegaly and gastie
hemorthage then such 2 diagnosis was present i 18 cases The
fver function studies i these cases although quite abnormal were
simulw n degiee to those without such symptoms Gastric hemor
rhage 15 not tlways a result of ruptured esophageal varices as 18
evident in ths senes in which m two cases the hemorrhage was
due to gastric ulceration Splenomegaly 1s perhaps a more reliable
sign of portal hypertension than gastro-esophageal sarces In this
senes splenomegaly and gastnie hemorrhage occurred togethes 18
only five cases and varices were erther not present at autopsy o¢
could not be demonstrated Thete was also no x ray evidence 0
varces m any of the cases In all probabihity yances were present
1n seseral cases but without portal venography there 15 alwa)s the
element of doubt Transplenal venography as 1 procedure must
be added to the wm of the cl as must blood
Ammona determmations hat

As a brief summary 1t 15 possible to state with some belief ldﬂ
there 15 an entity of hepatic encephalomy elopathy rehted to de
fectine ammom- metabolsm and that the blood Jevels of ammoma
are elevated m such states Similar forms of encephalomy elopathy
may be mduced b g b sn lugh concentra
tons such as NH,CI and urea n mdividuals without Jver disease
Although such observatrons indeed suggest an a priort relattonship







Chapter VII

CLINICAL STUDIES (Continued)

GROUP IN HEPATOLENTICULAR DEGENERATION
{Wilsons Disease}

History

HEPATOLENTICULAR degeneration 1s the classical example that
comes to mind when the subject of Iiver bramn relationship 1s men
trioned Although a relationship between these organs was known
for many years 1t was not held mn sufficient respect to be men
tioned in the neurologieal texts of the last century Wilsons paper
of 1912 rectsfied thus situation and focused the attention of drerse
medical specialists to this relationship The ongmnal title of Pro
gressive Lenticulr Degeneration as Iabelled by Wilson (26) has
been supplanted by the term hepatolenticular degeneration and
first used by Hall (34) 1n 1921 The ongmal and unique feature of
a combmation of cerebral and visceral symptoms has been e
panded by numerous case reports and more recently although the
clinical features remain the same new btochemical features have
been added to the defimtion The ongmal concept of the disease
stressed the symptomatology of basal ganghome ongm and the
pathological change underlymg this It 1s now realized that the
disease 1s by no means confined to this regron despite the lentict
lar cavitation for both symptoms and pathological lestons are
found widely dissemmated 1n the central nervous system axis Thi
hepatic aspect of the problem was regarded as bemng chncally anc
functionally asymptomatic but this too ss no longer true To the
hustonical bachground mentioned m chapter one must be addec
the discovery of copper as a factor n this disease along with thf
development of paper chromatography Although recent unpetu:
to the role of copper has been provided by the work of Cumung!
(54) mn 1948 the relationship of copper was first suggested by
96
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two schools of thought ewst as to the underlying mechamsm
hepatolenticular disease, one favonng a defect i copper me
tabolism and the other a defect 1 ammo acid metabolism A dis
cussion of these follows later

Chnteal Features

The clinical charactenistics of Wilson's disease are so strtking
m most instances that the diagnosis should not be m doubt
Despite this the diagnosis 1s often missed, due, perhaps to its
ranity and the greater frequency of basal gang]. ptoms 11
other diseases It 1s most often confused with hystena, multiple
sclerosis and paralysis agitans No cificulty should be expensenced
if the triad of family history, marked basal ganghonic sympto
matology and eye findings are hept i mund The disease 1s heredo-
famibal the genetics of which will be discussed No better descnp-
tion can be offered than that from Wilson’s text edited by Bruce—
“With mouth often held open, and a stereotyped smile, o, 1f not
laughing or smiling a vacant or fatuous look the patient sits and
leans to one side or back, all four hmbs agitated by tremor, mostly
quick and rather fine, the fingers and hands are contracted |
flexion, the trunk 15 held stiffly and willed movements are slonly
performed to the accompimment of walder tremulousness
Though saliva may drip from the parted hips, and expressions be
almost silly, the eyes are alert and mtelhgent Flwdity and fm%
of symptoms are both evident to the observer, tremors wax an
wane, they leave one part for another, or alter their type m t;xc
same segment according to whether 1t 1s used or not  Thus the
vacuous facial smile and silly attitude 1s common and quite charac
tenstic When this 15 accompinied by tremor, quite often very
exaggerated on mtention and attenton plus ngidity, dysarthna
and sialorrheon there should be no mustake, for no other condition
can rme this constellabion Tics, clonie or tonie moyements lx)d
pertonieity movements en bloc, muscular wasting slow fiabmenl
speech and serzures have been noted and recorded Ad 1‘;0318
confirmation may be obtamed from shit Jamp esammation o N
eyes which will show the classical corneal yellow green pigment

th
nng of Kayser Fleischer and sometimes lenticular cotaracts bol
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Pathological Features

The gross pathological features of hepato lenticular degenera
tion are well known, consistng chiefly of softemng or cavitatton
of the lentaiform nucleus These alterations are usually hilateral, m
volve also the globus pallidus and may vary from overt cavitation
to a worm eaten spongy appearance Sumlar ares are to be found
elsewhere The caudate nucleus 1s often shrunken, and somettmes
the mternal capsule 1s damaged On the other hand naked-eye
mspection m1y reveal absolutely no change

Mieroscopic alterations are widespread mvolving gha, white
matter and neurones Of these, the Alzheimer cell 15 the most
outstanding but not absolutely charactenstic smcee 1t 1s to be found
w a vanety of pathological states as previously mentioned Al
though the brunt of the neuropathological alterations 1s absorbed
by the corpus stnatum the entire bram may be dotted with
lesions Secondary degenerations occur as a result of lenticular
lesions Subcortical lesions m white matter, mternal capsule,
globus pallidus m addition to the degeneratie cortical changes
were recently described by Guillam, Bertrand and Godet Guillan
(258) VWarnock (250) described one case with seyere damage to
the frontal lobes 1n Wilson’s disease

Brochemical Characteristics

The biochemical alterations which have been uncovered it
Wilson’s disease have now become the most important part and
must be added to the definution of the disease These changes ar¢
(1) increased excretion of copper (hypercupuria) and ammo acids
(ammnoaciduna) 1 the unne, (2) decreased level of ceruloplasm
(8) decreased total serum copper (hypocupremua), (4] wnereased
copper content m the tissues of the hver and the bram

Copper Metabolism i Hep scular D lel;
brook (53), in 1945, recorded an elevation in the blood copper a2
also noted an increase i the copper content of the basal gangla
1n one case of Wilson’s disease Mandelbrote, Stamer, Thompson
and Thurston (259), 1n 1948, noted hy percupuna mn heptolentict
lar degeneration and Cumungs (54), mn the same journal, re?ﬂr(C’
n the mereased copper content of bram and hver m W 1lson’s
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disease These studies provided the mmpetus to a study of copper
metabolism 1n this disease Ohnaka ef al (260) reported on the
. n v i

nf‘t‘he non Wilsoman control cases There have been numerous
case yeports on the hypercupuna of this disease and this 1s now a
well established brochemcal feature The urmary eycretion of
copper 1 this disease m1y vary from 450 to 1780 mucrograms per
day as compared with the normat of 0 to 25 to 80 micrograms per

a

Although Glazebrook recorded hypercupremin in ope case of
Wilson s discase 1t 1s now known that there 1s a decrease m the
total plasma copper The hypocupremia 1s charactenzed further
by a marhed merease n the direct albumm bound copper fraction
and a decrease 1n the cerulopltsmm or globuhin bound copper frac
tion This latter 1s considered by Cartwnight Hodges Gubler,
Mahoney Daum Wintrobe and Bean (261} Markowitz Gubler
Mahoney Cartwnght and Wintrobe (262) Mathews (263) Schemn
berg and Gitlin (264) and Schemberg (265) to be the basic defect
mn hepatolenticular degeneration

The third copper abnormahty i Wilson's disease 1s that of the
high copper content of the tissues an obsersation which has been
known for many years This triad of high tissue copper low blood
copper and high urmary copper excretion seemns a strange paradox
and difficult to reconcile How can the body mamtain high tissue
content and still excrete large quantities of copper® No real ex
planation for this 15 possible at this ttme The decrease m total
plasma copper actually consists of an increase m the non cerulo
plsmin copper This fraction has been shown by Schemberg
Cool and Murphy (266) Hagberg Axtrups and Berfenstam (267)
Lahey Gubler Cartwnight and Wantrobe (268) to have the capa
ity to pass the placental barnier and it has also been assumed ta
be able to pass from the vascular compartment into the tissues 1n
other orgws The non ceruloplismmn copper 1s therefore able to
reach the tissues n greater concentration than m normals The
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level of non ceruloplasmin copper m Wilsons disease 15 higher
than 1 normal subjects accordmg to Cartwnght, Hodges, Gubler,
Mahoney, Daum Wintrobe and Bean (261) The deficiency of
ceruloplasmun then 1s associated with an mcrease 1 the non
ceruloplasmin copper due to an mcreased absorption of copper
from the intestines resulting n copper deposition 1n the Iner and
brun Mathews, Milne and Bell (269) explamed the parados with
the belief that the cupruria and copper retention m the tissues
may represent different phases of the disease process

Copper balance studies, although difficult to perform mdicate
that patients with hepatolenticular degeneration are 1n a positise
balance Radwocopper studies by Bush, Mahoney, Markowitz
Gubler, Cartwnght, and Wintrobe (270) show a decreased fecal
excretion of CuB4 and an increase m urmary excretion m hepa
tolenticular degeneration These observations suggest an mcrease
1 copper absorption from the gastromtestmal tract or a decrease
1n fecal copper excretion so that the non cerulo plasmin copper
accumulates m the plasma A thued possibility 1s that of an m
hented mability to manuficture ceruloplasmun v hich affects mtes
tinal absorption or m some way presvents the copper from com
bining with globulin to make the ceruloplasmmn compound and so1t

lates m the all or non cerulopl fraction The

basic defect 1n this disease with respect to copper, then 1snotclear
Whether the ceruloplasmm cannot be made due to congemtal fac-
tors or whether the liver cannot synthesize globulins with which 1o
carry the copper or whether these protems are broken down to¢
fast remains abscure The bihary exeretion of copper 1s normal 1
hepatolenticular degenerations necordmg to Brown and Portes
(271) In so far as the serum protems are concerned electrophurehdc
analysis of plasma proteins n Wilson's disease shows a reducei
albumin fractton but mereased globulin fraction suggesting tha
the hver 1s capable of manufacturing globulins

Cartwnght and associates (261) studied seven pal
Wilson s disease and summanzed the biochemcal defects 1 €0F”
per as follows

(1) Total plasma copper—reduced
(2) Cerebrospmal flurd copp eased

tients with




lIe/mtulcnnmIar chcnemlmn 103

{3) Erytbmc) te copper~n01‘mal

(4) Urmary copper~mcreascd

(5) Unnary alphy aming nxtrogen~1ncreased
(6) Plasm, albump Imchon~decreased

4 more detarleq account of COpper Metabolisy to be foung
pter

Mo Aerd Metabohsm m Hepafolcnhcular chenemlion
defect AMmg aeyq Metabolism 1 also Present bepntalenhcw
lar degcnemhon A ISCussion of Mg g¢yq Metabolygp, 1s pre
m Ch

hep, olenticy), degenerauon, he a 1 (@) 15 1.
Pendent of Venty o uration of g, Ier g 3¢, (b) 15
ny 'Panted p, Yation of 4 anung ¢, itrogen oy, 1,
(©) sho Pecifierty, ¢ he pat of amy d excret;on
@) oceur, amilies of tents v ptp hepatolentlcul ! degenera~
tion od o7, and () y 1 endent of y,
fotal pro €10 intale These CIvations y, o1 t0 indicaq,
that j, have Ittle 1o do warp, the o, @ of the (s
turbane, he hye, e br. and especially the lagtey. and
that 4 © idung 4 2 secony, ent  the ¢aqq of
Pper, Anation g necess.xry for the Parad, anung
aaduny 4, th f a omal sepyp, AMing goyq level he sug
8estion Cooper Echharqy Faloo, avid
son (94) and Tathey,s Milne nd Bel, (269) thy Vilson’, disease
ue ¢t m reng; funct, that Cirhogys g,
velop Tesult of 5 chrome J, th AMNo-g0y 2518 seep
i the ¢, ~Tony ancon, Syndrom, Attent used on g,
kudne, Y imolige o 0w amuge Id T This has
€plodeq by the o T ation thay the intrg, eng sty
tion of S 1 hep, lentic, cSeneratop, Produces 5,
Chang, either Jas) vels or 4 he uring, €Xcretign
not] lanation for ¢} nmmoamdurm 15 that a5, Tesult of
“Opper nal typ, lar d, IS Uzman (273) re.
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ported on an increased urnary excretion of dicarboxyle ammo-
acid peptides in hepatolenticular degeneration m addition to the
general ammno aciduna This observation 1s also used to explam
the ammnoacidura, on the basis of competitive and preferentral
reabsorption of peptides resulting m an merease m amno acids
mn the unne m spite of normal plasma levels Uzman further be
Leves that Wilson’s disease 15 due to a disorder of proteolyhc
activity resulting m an accumulation of peptides m the tissues
These same peptides form copper complexes causing thereby, 2
secondary accumulation of copper n the tissues The peptides
whether free or as copper complexes, compete with amino acids
for reabsorption resulting in both hypercupruna and ammo
aciduna He believes the copper m the urme 1s present as copper
peptide complexes In support of his theory 15 the observaton
of elevated citric acids and their peptides, since the de-ammation
products of these are oxaloacetic acid and alpha ketoglntanc acid
both of which participate n the tricarboxylic acid cycle with the
formation of aitric acid as an mtermediate Additional support 15
denwved from hus finding of increased dicarboxylic ammo acid ex
cretion m five asymptomatic members of a family with hepatoleit
ticular degeneration In support of hus theory as opposed to the
copper theory, Uzman states that the removal of copper with
B AL does not alter the ammoaciduria and that the asymptomatic
sibs of the family he studied with Wilson’s disease did not extbit
cupruria Brick (274) also considered the copper hepatu]enhct;
lar degeneration to be excreted m the form of chelates witt
dicarboxylic ammo acid peptides and was of the opmon that :;19
copper peptide complexes with larger peptide residues 1n the
tissues resulted m the fixation of metals m organs such as the
liver and the bram Additional support for Uzman’s hypothesis
that Wilson’s disease 1s a genetic disorder of protemn metabolism
rather than a genetic deficiency of ceruloplasmm 13 found m 2
recent report by Uzman Iber, Chalmers and Knowlton (275)1’"
which by dalysis equilibrium expenments on liver homogemi e
m hepatolenticular degeneration the hver ethibited a mar fc
avidity for copper as compared with normayls Electmphol'et eld
patterns on Iner extracts from a case of Wilson's disease mdica
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the presence of an extra function winch also possessed high copper
binding properties Uzman further reconciles hs theory to the
copper over absorption theory by postulating the presence of a
similar copper binding substance n the wall of the gastromntestmal
system

Stemn, Bearn and Moore (276) surveyed all the ammo acads
present n the unme of Wikson’s disease They found the Inghest
levels for threommne, cystine {twenty fold merease), serine, glycme,
asparagme, glutamne, valine, tyrosme, lysine (fre to ten fold
crease) Prolme citrulline, not normally found m urine, appear
1 large quantities m some cases Methionne, 1soleucine, leucme,
argmme and amimno adipic acid were found n small amounts
There was a dimmished excretion of taurme 1 methyl hustidime
and 3 methylhisudine The authors noted that the ammo acid
excretion 1n normals was insensitive to the protein intake, whereas,
n hepatolenticular degeneration the amino acid excretion 1s quite
sensitive to the protem mtake and the fasting composttion 1s quite
different from the 24 hour value Their evidence favors the hy
pothests that the ammno aciduna 15 the result of a renal lesion
According to Wamock and Neill (277) there 1s an increase in
glyane serme, alamne glutwmine tyrosme cystine glutaime acid
and aspartic acids 1n Wilson s disease Emphasis has been pliced
on glutamic acid and aspartic acids mn the hepatolenticular
chromatograms by Boudin, Pepin and Calatch: (278) and Uzman
and Hood (272) stated that 80 to 90 per cent of total unmnary
peptide content conststed of peptides of glutamic and aspartic

acuds
o 11 vremm. 1 3a £ Lo v

tients with hepatolenticulrr degeneration Here the matter rests
Two theones have been advanced cach with its adherents but
nerther expl g Al the 1ons of the disorder

No other biochemical abnormalities are known to ewust in this
disease  Glycosuria occurs m about one third of the cases The
levels of 1ron cobalt, mickel and zine are normal m this duease
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Genetic Aspeets

Wilson behesed the disease bearng his name to be famulial but
not congemtal or mhented Bearn (280) as a result of a genetic
study of 26 cases with this disease demonstrated an autosomal
recessive mhentance He emphasized the frequency of consan
guimty m the families studied This has also been mentioned by
Andre and van Bogaert (281) Hall (34) Kehrer (40) and Stadler
(282) Bearn and Runkel (279) 1 2 later report on the genetic
aspects of the disease found parental consangumumty m 11 of 16
mstinces Seven of the sixteen farmhes studied were of the Jewsh
race The authors were unable to find any sign of ammoaciduna
i the 85 unaffected sibhings of the patient studied Uzman and
Hood (272) found 4 members of 1 famuly of 12 that had persistent
ammoacidunia nd abnormal amounts of peptides with carbotyhic
amino acid residues

Discussion

1t 1s quite apparent that opposing opmtions exist concerning the
nature of the defect 1n Wilsons disease On the one hand 2
gentreally determmed deficiency of ceruloplasmm or an abporm
absorption of copper from the intesting 15 considered the cause
while on the other side 2 genetically determimed defect m proteo-
Iytic actin ity 1s proposed Neither theory necessanly explams the
relation of the Iiver and bram mn this disease Is the copper pre
ciprtated n both organs mdependently or 1s there some pnman
hepatic defect which secondanly Jeads to the cerebral sympto-
matologv?

The general evidence would seem to mdicate
nothing to do with the cerebral troubles untl the
and then the same mechamsms as would operate m the
of hepatic coma may come info sction In favor of this s the P:lc
dommance of cerebral symptoms m the face of relativel Ton
hepatic symptoms On the other hand the hepatic d)sft«mc’;’he
may kil the patient before the lenticular difficulties set 1 :
so cilled formes frustes have been frequently obsenved 1
famihies with this disease and 1n which hepatie or cerebral 5)3“;?"'
toms may be present alone Copper seems to be precipttate

hat the hver has
Twer 1tself fals
production
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many organs m Wilsons disease eg  Iner bran cornea lens and
shin The evact role of the increased brawm copper 1s not clear but
such an excess can “poison” local cerebral enzyme systems
Parallel lenticular lesions hase been hnown for years as a result
of manginese and cyuide poisonngs where agun enzymatic 1
tion 15 the best expl Further study of the cerebral
brochemical features 15 necessary before one can draw any sweep
mg conclusions
Coke and Shaw (283) described a case of hepatolenticular de
gencration in a man with chrome heart disease Iner mfection
and alcohol This was dered to be an acquired case of
Wilsons discase and Kayser Fleischer comeal rngs were not
present nor was there any deposition of copper 1w the Iner or
brain The authors considered hypoglycerma as a cause mn s
pasticular mstance and further su gested that there are 4 group of
conditions which make up the hepatolenticulr syndrome With
out the bochemieal entern ar famulial features cases like this
should not be classified under the eponym of stnns d\sense and
would better be clasnified under hep

Ly e g3 e
Treatment

The use of BAL (Bnhsh Ant Lewisite dimethyleaprol) by
Cumings (5%) 1n 1951 offered some hope to the treatment of this
condition Since then many cases have been helped by the use of
this compound  Although the inprovement hists anly s Jang as
the BAL s gaven and while 1t increnses the urmary copper excre
tion it does not cure the disease and daes not mfluence the wmmo-
acsduna Warnock and Neill (277) desenbed a case of Wilsons
disease m a young male of 16 who hd hepatomegaly at age 8
Rayser Fleischer nngs at 10 and later asates edema and
jaundice with l\ypercupmna W the adm\mstmtmn of BAL the
Yepatic dyst d and the logicl symptoms re
mained ghsent Hombostel {239} described 2 eases of hepato
fenticulyr degeneranon ircated with BAL which cansed an m
TR W WNDWY LOPPT % of X
symptoms and cataract regression but \whlch had no effect on the
amo acdunia or the serum copper Cumings (33) 16 1951 and
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Denny-Brown and Porter {271), m same year, reported on the
successful treatment of this disease m 4 snd 5 cases, respectiely
In 1 case treated by the author, BAL resulted 1 considerable
clinical smprovement but relapses occurred when the treatment
was stopped Bearn (280) obsesved improvement of neurological
symptoms in some cases treated with BAL but could not demon
strate tmprovement 1n the hepatic symptomatology From suck
conflictng reparts 1t would seem that BAL 15 only effectne 1
causing clinseal benefit at some time prier to the development of
permanent bissue changes The yardstick to be used m determn

Mechanism of Action of BAL and Copper

H H

t 1
H-C~SH H-C~5

1 I l/Cu
H-C-SH + Cu H-C~$§

! i
H-C-0H H-C-OH

i !

H H

Frc 12 \Mechansm of Action of BAL

myg this pomt 15 not clear Its chief value would seem to be m the
early case

BAL 15 not efficient 1n so far as the removal of copper 1s €0
cerned It has 2 molecular weight of 124 and, 1f 1t remov edl awﬂ;
of copper with an atorme weight of 63, a 200 puthgram dose ;
BAL should combine with and remoy e 100 mlligrams of CUPPl 1
In actual practice this dosage results m the removal of abo“ble
mlligram of copper Nevertheless 1t should be tned and 2 smtaAL
course 1s 15 cubic centumeters of a 10 per cent solution of B. i
m peanut odd mtramuscularly, two to four times a day for 10‘;0 .
days Local abscess formations are troublesome The mode
action of this chelitmg agent 15 as shown m Figure 12
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Other chelatimg agents such as sodum versepate have been
vsed with some successes Cohen (284) reported on the success
ful use of an atropme like compound related to artane {1 pheayl1
cyclopentt-3 pipendine 1 propanal hydrochtonde)

Walshe (285 286) has recently studied the use of pemaillamine
(dimethyleystine) 1 Wilsons disease This compound has been
demonstrated m the urine of patients with liver injury who re
cewved parenteral penicillin: Because of its solubihity rapid renal
excretion and stabihty 1t was tned i this disease to promote
capper excretion Six cases previously reported by Denny Brown
and others were treated with 05 to 15 grams per day The drug
was shown to be more effective m the excretion of copper than
was BAL There were no side effects Further chimical tuals are

awuted Other sulfur ds including methio
nime 4 beta tetramethyleystine hare boen tested and shown to be
n P g copper excretion soggesting that the SH

group alone 15 not the kev factor but that the SH nng structure s
the effectwve part Corticords have been used but hasve not prosed
particulmly benefieral m this disease

The relationslup of the aberrant copper metabolism to the
ammnoaciduna and of both to the production of cerebral symptoms
remuans to be clanfied The evidence seems to indicate that a de
fect m copper metabohsm 15 the smportant factor and that sn the
bram and fiver it 55 ind dently p d prod symp
toms referable to each organ The pxeclpxtatmn uf copper in other
tissues accaunts for some of the other signs observed n thus dis
case The exact explanabon of the cerebral symptoms and the
exact nature of the copper defect are yet to be answered




Chapter IX

PATHOLOGICAL ASPECTS

A PATHOLOGICAL evaluatton of the bram s both mmportant and
necessary to an understanding of Iner bram relationships Its m
portance 1s somew hat dimumshed now m light of recent work and
will contnue to dechne for 1t 1s apparent that light microscopy
used chiefly 1n descriptive pathology and nucroscopie anatom)
has reached its peak and has httle more to offer as an mestig?
trve weapon n this particular disorder Vartually nothing has been
added of any significance by this mstrument i the past 40 yeJrs
as all changes now regarded as important were known and de
scrsbed 40 or more vears ago The preparation of the specunet
with fivatives, dyes, and alcohols removes and alters neurondl
structures and membrane charactenstics so that the Inng state s
far from what 1s visualized on the finsshed shde Electron micros
copy will doubtless provide more detailed information but 15 at
the moment also subject to the same fisation artefacts of shnnk
age and distortion

While there have been many accounts of the cerebral changes
1 hepatic disease, most studies have embraced but a small num
ber of cases and few attempts have been made to grade cerebral
changes or to comrelate the changes with the pathology 1 the
Inver or with Iner function studies Cerebral pa!hulogy will be
considered under the followmng headings (1) hustorical revie®
(2) case matenal (3) compheating factors (post mortem autoly$5
cerebrovascular disease, tenmnal diseases), ({) gross changes (3
mucroscopie study  (a) nenve cell changes, (b) mjyehn changes
(c) ghal changes (6) the spmal cord (7) ciscusston and conclusions
(8) relation between neuropathological changes and Iner func
tion tests

110



Pathological Aspects 1
HISTORICAL REVIEW

Although macroscopic and microseopie cerebral changes have
been observed mn hepatic disease they are neither constant nor
pathognomome  Both early and recent authors remarked upon
the discrepancy between the chuucal findings and the lack of
change at autopsy While most pathologeal studies have been
on Wilson's disease relatwely few have stressed cerebral altera-
tions i other hepatic diseases and much disagreement exists as
to the relative importance of the microscopic changes

Gross lesions of the brain were not observed in the cases of
Tiepatic coma reported by Frerichs (11), Bnght (9), and Budd (10)
Gowers (15-17), Homen (18), Ormerod (19), Westphal (13),
Strumpelt (21), and Wilson (26) later reported on gross cavitation
of the putamen, caudate nucleus and globus palhidus n hepato-
E Jar d on A fing to Walson, gross changes were
also noted in the ansa lentieulans, corpus Luysu, Forel’s bundle,
the striothal and striosubthal fiber tracts Greenfield,
Poynton and Walsh (29), m 1924, noted gyoss atrophy of the
corpus striatum with mimmal involvement of the globus pallidus
in a case of Wilson's disease Although Wilson stressed gross
changes 1n the basal gmglionic regian, macroscopie lesions have
been found 1 other parts of the bram Barmes and Hurst (35),
Bielschowshy and Hallervorden (110), Ostertog (287) von Braun-
mull {288), Hamburger and Kozol (253} observed convolutional
nectoss in hepato lenticular degeneration Rachter (289), i 1948,
veported @ sumilar case with severe necrosis and atrophy of the
frontal cortex

Greater emphasis was placed on the microscopic changes i the
bramn as a result of the publication of Hosshn and Alzhesmer (31),
m 1912 They desenbe an irregular Jobulated cell, larger than
the normal astrocyte, having scant cytoplasm, a few condensed
threads of chromatwn, a large dark strinmg nucleotus which has
become known as the Alzheimer cell These cells were found 1
many parts of the bram and were considered at the time to be
charactenstic of pseudosclerosis Simtlar cells were observed i
Wilson's disease by Spielmeyer (37) 1n 1920 and he commented
on the close resemblance to neurones primardy because of the
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mtense st: g nucleolus Sprelmeyer demonstrated that Wilsors
disease and pseudosclerosis had identical mucroscopic and gross
changes That this cell was not present 1 all cases of Wilson's
disease was Hustrated by the reports of Barnes and Hurst, 1n 182
(35) and 1929 (36), i which Alzheimer’s cells were found i only
two of four members of a family with this disorder
Widespread cerebral changes were reported by Boenhetm (101)
Bielschowsky and Hallervorden (110) including astrocytic pro-
Iferatson, diffuse demyehnation, neuronophagia and non speafic

al on

chronic nerve coll changes, satellitosis and gtter cells m addstion
to ghal, myeln changes, and abundant Alzhemmer cells m the
cortex, dentate nucleus and olives

Lesgh and Card (106), 1n 1949, reported on degeneration of the
posterior and lateral columns of the spmal cord n a caseuof
hepato lenticular degeneration and Gysmn and Cooke (64), m 1930i
commented upon the marked ferrugimation and calcification 0
blood vessels in the same disease

From these few reports it 1s evident that the cerebral alterstions
1n Wilson'’s diseases are much more extensrve than the title would
suggest

Alterations sumilar to those observed mn Wilson's disease have
been found 1 patients with a wide vanety of bepatic dlsea;es
Crandall and Weil (79), m 1933, pomted out the smlartties fi’s
tween the cerebral lesions 1n humans and expermmental anm‘mf
with hepatic disease Scherer (291), mn 1983 studied 41 cases gr
vaned Inver pathology and demonstrated Alzheimer cells sn 9%&’ .
cent of his cases Stadler (282), in 1935, and Adams and Davn 5:):
(292), 1n 1949 agreed that this cell was the most clmractex;;al)
feature of the bramn pathology m hepatic disease Alexander (-{N
i 1942 noted cerebral changes which were :dentical with "]
sons disease 1n a case of alcoholc currhosis and Waggoner “1
Malamud (48] n 1842 reported cerebral changes 1dentreal “‘ed
those of hepato lenticular degeneration m five cases of var!
hepatic pathology
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Wemstein and Davidson (177) 1 1946 reported on artenolar
hroml perrascular demyehnation an glial prohf
ton 1n hepatiis Baker (105) in 1949 noted widespread nene
cell changes m 8 of 18 cases with diverse liver pathology but em
phasized penvascular and diffuse demyelination as bemg more
charactenstic of hepatic disease

1t 15 evident from this review that any part of the nervous s3s
tem may be mvolved 1n hepatic disease and that the underlying
hepatic pathology may be quite diverse

CASE MATERIAL

The present study consists of a histologietl examimation of the
bram 1n 42 cases of hepatic msufficiency and coma In all cases
complete post mortem evammation was made wath the exception
of the spmal cord which was removed m only 5 mnstances The
penipheral nerves were not examned 1n any case and 1t 1s doubt
ful if an evaluation of that part of the nervous system would be
fruitful simce no symptoms have been recorded referable to 1t
The bram at autopsy was removed by the usual method and
placed 1n 10 per cent formalin After 7 to 10 days of fixation the
' N ’ ° ere made from the

oceipital corteves

rebellum In most
uislances 1V to Lo DIOCKS Ot tisste were taken trom Cﬁch bl”llD fOl’
microscopic study The tissues were stamed by hematovyhin and
cosin and Nissl and Weirl techmiques used for neuronal and
myelin changes respectively Speenl stains such s the van Gres
son elastic tissue stain the Perl stain for on and the Holzer stain
for gha were used when mndicated

The case matennl has been discussed 1 Chapter ITI Although
cthosis was the most frequent Iner condition underlymng the
coma less than half of the cases were of this type of hepatic dis
case This differs from most reports which show a much greater
percentage of airthosis A better evaluation of other hepatic dis
eses however 1s possible
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Age

Mention has been made of age factors m this group of patients
and 15 mentioned here agan Hepatic disease m general 1s more
often associated with adulthood than childhood and 15 more
frequent m the fourth, fifth and sixth decades The aserage age of
the adults m this study was 557 years Five cluldren are neluded
with ages ranging from mfancy to 9 years Extremes in age mtro
duce different factors which must be accounted for n the final
mterpretation In the case of the mfants, the cerebral metabolism
differs from the adult, myelmation 1s not complete and the cells
are more immature On the other hand advancmng age produces
changes in the central ner\ ous sy stem which must be 1aterpolated
m the final analy sis of pathologic change

1t wall be seen later that severe cerebral changes oceur 1 the
young as well as the older bram It can be sud i general that the
chinical and pathologrcal changes are of equal or greater magm
tude 1n the chuld than mn the adult Spence and Ogilvie (171), Snell
and Butt (99), Murphy, Chalmers, Eckhardt and Davidson (144
and Walshe (61) have expressed the same opmion From this 2t
mught appear that the age factor cannot be too important deSP'“;
the opmon of Crandall and Weil (79), that the combmation 0
chromc hepatic disease and arteriosclerosis makes conclustons
as to the histopathological changes m the central nervous system
mpossible

Sex

In this senes there were 16 females and 26 males Most statist
cal studses ot hepatic disease show a more uniform d:smbuh]ors!
as aurrhosis 1s generally considered to be more common in Ma e
and mfections of the hyer more frequent n females Lattle sig
nificance can be attached to thus factor m so far as changes m the
nervous svstem are concerned

COMPLICATING FACTORS

fac
A cutique of this nature necessitates consideration 05 C;EJ ok

tors which would enter into and complicate the mterpre! gxt}x hu

microscopie changes 1n the nervous system ITn dealng 3
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man bengs there are always MY \anables which while they
cannot be emdma\ed must be consxdered Scleross of the cerebral
Lessels post mortem autolysis and concurrent and termip2 dis
eases 31 such comphicating factors Afiusion has already been
made to ag¢ factors

Post mortem Changes

Autolytic changes ™ the central nervous system are always pres

ent to & reater OF lesser extent 10 hum ma!ena\ and mant

pal\\o\og\ca\ changes €3 be pro ced b technic i pmcedutes
1n 1897 N€

that such changes occurred Tate Barab W acor (295) 0
the same Y& found hanges 3 ours after th More recentiv
hoentg my, (29 n 1952 W 2 Y trofled studd
showed post ™ stem changes i the entral horm € 1y wathin halt
an hour © (h Autolytic chan of this VP ometimes
md\s\mgu\sha\)\e from those changes oceurming 25> result of acute
snfections OF onditions )Y tsuet (297

Withm one half hour there 15 @ maximu \nerease M the lactic
aod concentration ?\\osphocrenl\ne 1s hvdroly zed an adenosiné
!nphosp\mke decomycsed m 30 nutes according 1o Welt (29%)
Thus would offect the staming of the cell

The “chrom¢ nerve cell disease of Nisst s d\amuenzcd by celt
shnnhage dark stamed. cytophs™ tortuous dendntes and hyper
chromatic nucleus Sunilar 3E not \dentical changes €37 be pro
duced as 2 result of fixation Jmmersion fixed bram® withun a £V
minutes of remonal from freshl atled ammals showed gretet
changes than Pex{used syemmens The aypearance of chrom¢
aenve cell disease due m part t© the by pcm)mcn) of the fan®
fud which by OSTOSIS causes 1058 of cell fux condcns'mon of
the Nisst with subsequent a\)yeamnce of deep staamng Wel (299)
cautions agamnst € aluating, anghon coll changes ' conditions
which the fluds of the nervovs system contawn 10U¢ substances as
n uraemd hepabic disease and sephcacmn 101932 uaste! and
Wheatley (299) wrote ‘hat hardemin® o tissue 0 alcohol or Ur€
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ment with the usual fiung agents produces changes m the tissue
constituents which are greater than would ever be supposed to
occur when in the iving condition

However, while the post martem changes are to be considered
n the pathological mterpretation they cannot be the sole cause
for if such were the case, all cells mght be expected to exhibit
the same type of alteration Furthermore post mortem changes
m addition to affecting the are also pansed b
other changes such as swelling of the ohgodendrogha and
widened pernvascular spaces Sigmficant post mortem changes
do not occur m the nucleus until 24 hours after death of the
tissue

Only one bram was fived by perfusion The average elapsed
time between post mortem and tissue death was 4 6 hours with a
range of from 1 to 15 hours The time could not be determmed m
6 cases While the amount of tme elapsed 15 not undue m con
sideration of autopsy techmeal standards m this country, never
theless considerable chemical alteration mn the cells takes place
and mterpretation of the nerve cell alterations must be done with
care

Terminal and Concurrent Diseases

Another factor to be considered 1s the presence of other ds
eases whether termmal pre-existng or chrcally ﬂsympmmau}:
and found only at autopsy In order to evaluate the effect of suCf
factors the case material was carefully exammed for mention Ul
significant pre exssting diseases and for the presence of terminé
nfections Table XXI 15 an analysis of such dat1 Column m;;
represents the pathologteal diagnosss of the hepatic lesion and 2
other conditions are meluded under the term secondary diagnoses
(column three) Al

Pulmonary wfections were found at autopsy m 14 cases :
of these were considered as termnal and there was no che
evidence of pulmonary lesion 1 any of the cases In mas;i m
stances the pulmonarv lesion was a bropchopneumontia con! nb
to the lower lobes or was a purulent bronchitis The Jatter was "
served m 4 cases The leucocytosis found 1n I5 cases may be du
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TABLE \\I—~(confinued)

Case Fhiology of Hepat ¢ Secondary Patholog ¢
RBef Ao Insufficiency D agnos s
32 Memochromatosis —
33 Portal curhosis (alcohol) _
E2 Portal cirrhoss 1 ypertension
coronary sclerosis
85 Obstruetive exrrhouis
96 Acute yellow atrophy coronary sclerovs m 11
s7 Acute yellow atrophy
38 Sul acute yellow atropl y cere) ral artenoscleross
coronary sclerosis with
myocard al mfarction
33 Metastatic carcinoma
40 Portal eurr] osis (aleol ol) glon erulanephritis ehron ¢
snactive valvulitta
severe pneumon a.
41 Ams lowdoses candiac hypertrophy
42 Fatty degeneration purulent brone) itis

i part to the pulmonary pathology which m general was described
as mild and m one case as severe

Generalized artenosclerosis was found n a sufficient degree to
be mentioned 1n autopsy protocols Selerosis of the coronary ves
sels was noted in 7 cases and 1n most mstances was mild A healed
posterior myocardial ifarct was noted m 1 patient

Anaemia was mentioned at autopsy m 3 cases, although clnt
cally 1t was found i 47 per cent of the cases .

A search of the records for previous disease yielded only the 2
cases of ulcerative coltis One patent had hypertension for 6
years (Case 41) but this was asymptomatic An abnormal bleeding
tendency for 18 years was noted by the patient with amylodosis
(Case 42) Compheating conditions were absent m 10 cases

While the majonity of the case matenal exhibited some ad
ditional pathologic state at autopsy, 1 most mstances 1t was
terminal and of a mild degree The presence of these condmon;
15 to be reckoned with m general for m no case can it be presumel
that the secondary diagnosis was the sole cause of the cerebr:‘
change The part played by the s dary conditions 1s 1mp
to evaluate
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Ce T~ ~eeular Selerosts

f T

Sva o R of
the associated disease of the cerevisi v vuu 3§
N  »n < omificant dufference m the extent of

1o A

€OMParable st i

vessels were considered notmal i 23 or S per cenc i« v 3
{Table ANE) The remumng 19 cases showed varving degrees of

TABUE \\IL
Revsres Farg g% ¥or Far owacy 07 e Ceressas Aroot | kssris

Pe kol g cal State Number of Caver Per Cent of Cases
Normal n &t
SRRt =) s s » 15
A uderate sefero s 5 i
“evere wleras s 3 +

sascular change rangng fram mald sclerosis to severe selerosis
with calcification of blood vessel walls Whie it 15 true that
cerebral vessel sclerosis s d with mdef
and diffuse changes mcluding mid forms of cell sschaemiz de
myehnition and cwity formation such changes may be present m
a ckaseally intrct individual wd therr presence be uncovered anly
3t post mortem examinition Changes of the 2bose nature are
themsefes to be considered sith ciution as an mdex of cerebral
dssfunction 1t 15 lughly unithely that changes wsoortted with
cerebral artenosclerosis as deserbed ahove and even those more
advanced wifl produce mtermittent and prolonged coma The
effect of the sclerosed blood sessels on myvelin and ganghion cell
changes 1s shown in Table \AII The gradation of cerebral le-
sins will be outhned 1 the section on microscome changes

Tt 1s apparent from this table that selerosed blood vessels were
1o more productive of terations i the neutones or myelm than
normal cerebral vessels Further evidence of fhus 15 found in the
cases of children i whom the cerebral vessels are normal whereas
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TABLE \XIIT

Frequency oF CEREBRAL CHANGES W rTit NomMAL AND ABNORMAL
Cengsnat, BLoop VEssers

Lovatong Flood Vesvels
ation o mber of Caser
Aleralion Grade . Aumberef caSrlermrd
Normal (all degreen)
Neuronal cortex 1 6 3
2 10 n
3 7 3
Basal gang 1 3 5
2 8 8
3 8 6
Afyehn cortex 1 6 6
Diffuse 2 12 6
3 1 2
Pervaseutr t 5 5
2 6 1
3 1 2
Brsal gang 1 + 2
Duffuse ) 3 5
3 1 1
Perwascular 1 6 2
2 3 1
3 1 2

k

the myelmc and neuronal changes are quite severe The over all
effect of the vascular change on the production of cerebral altera
tions 1s most difficult to evaluate but for the reasons given here 1t
would appear to be mntmal

GROSS ALTERATIONS

In this series of cases no gross abnormalitie
except for the mention of arteriosclerotic plaques
cerebral vessels In one case a small meningoma was found over
the vertex and had nothing to do with the clinical symptamawL

ogy

s were observed
around the basal

MICROSCOPIC CHANGES

Nerve Cell Changes (Figs 13-16)

Changes m the cellular morphology and stamn
obsered i both neurones and m supporting eleme

g reactions ¥ ere
nts It could be
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Fi 13 Pennuclear chr matols s 1 cortical newrones This type of change
s found n mny tow mfectious states and 15 not claracteristic of hepatic
encephalopathy
Fic 14 Hgh power magmfication of cortictl neurones {ther show g
"N;I :r«xﬁc cellulur change Chtoplismisc vacuoles are present m ccll on the
ng
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Fic 15 Chrontc nene cell changes showing hvperchromatic and pyknottc
cells

Fic 16 H\F
and some cell
fixatives An A

bstance
erchromatic neurones with normally located Nissl sul
shrinkage Changes of this type are readih reproduc ble by
Izheimer cell 15 to be seen 1 the upper nght corner



Pathologscal Aspects 123

stated at the outset that the changes to be deseribed could oceur
as a result of compheating factors such as post-mortem techniques,
termumal diseases, and aiteration m the cerebral vessels It was
pomted out, however, that none of those factors m stself could
pmduce lhc changes noted nor account for the clmieal sympku-
both the difficulties m
cl\angns and the dmwbacks to any system of chssnﬁcahon it was
felt thatafany  *
from a study
sary Otherws
of which there 1s derable latitude of pretation In general,
neuronal changes are considered as either acute or chronie In thus
study two types of nerve cell alteration were observed The first
or acute change 1s charactenzed by swelling, chromatolysis of
Nissl sub fi of | and oss of stamng
properties Ghost cells, eccentrioity of nuclens and vacuclated
cytoplasm were considered as more adyanced stages of the acute
process or perbaps as a subicute process Chrome nene cell
change consisting of shnnhage and distortion of cell body, tortuos-
ity of processes, pyknoss of the nucleus with deep stamng was
the second type noted Both acute and chrome nerve cell altera-
tions were noted to some extent in all cases No attempt 1s made to
determine the predommance of acute or chronic changes in tins
case matenal The classification used here 1s bised on the over all
number and ge of ak I ganglion celis whether acute
or chrome m compnnson to normal cells in the same area Except
murally when celt counts were made on several areas ta establish
a haseline, an estimation of abnormal cells was done The over
a“ dmnge was assessed for each bran and graded as to severity
' "0to 20 per cent of the
ssenting damage to 30
, or severe 1n which 60
per cent or more of the neurones were altered \While such a
gradmg system admittedly has drawbacks and 15 subject to the
same enticism of any sumlar system of gradation, it nevertheless
provides some basis for evaluating the cercbral changes
The frequency of graded nenve cell change m the cortex of
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3 m which severe nenve cell changes were observed m the pons
and medulla

Duscussion of Neuronal Changes It 1s apparent from the fore-
gowg that 1t 1s impossible to draw any 1 15 to whether
or not the obsened neuronl changes wery sccondiny to the
hepatic discase Cell changes smular to those scen i acute nd
chronic states can be found mn small numbers 1 the normal brun
Post mortem autolysis and Exation are capable of causm smlar
changes The role of vascular disease and termmal nfections 1s
difficult to assess and fusther comphetes the mtarpictition
Sumlar opinions have been eapressed by Wilson (27) Quistel and
Wheatley (299) Walshe (61) and Bielschowshy nd Hllervorden
(110} wha recorded severe neuroml chnges Valson noted some

and not severe The only pro;u conclusion 1s thit the obsaved
neuronal changes are the net result of hepitic discrse post
mortem autolysis Lissue preparition techmques nd termmnal
fections

Myehn Alterations (Figs 17 22)

Like the neurones of the central nervous systan the mychn
sheaths are subject to the effects of the post mortum period and
fisation The structure deseribed as the myehn sheath i formaln
fised matenialis but a distorted image of the onginil Livatines such

ro . i

that can be evtracted from the fixmg flwad The galictohpids which
make up a large portion of myelin wre morc resistunt to the Heets
of formalin Tormalm alters the solubility of hpids seduang the
wbilit to extract such substances by ether or alcoli)

Despite the role of fixation techmques ilter tions of the mychin
when present are faghy rehable 18 an wdiox of some corebral dis
function In thus studv changes s the mvedm were of ather a
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Fic 17 Mottled appearance of demyelinated areas mn what
Fic 18 Diffuse demyelnation 1 basal gangha.

e substance.
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Fic 19 D ffuse demyelination
Fic 20 Higher poser of pernascular demyehimation
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22 Perascular dem)elimzation

Fic 21 Permascular demyelimization

Fic
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TABLE XXV

Pencentace of Mrewy Cuarce 1¥ Case MATERIAL

Numler of Cases  Per Cent of Caves

Myeln cl ange, all types 56 5
o mychin change ¢ 15

dilfuse, patchy or pemvascular pattern The latter frequently
merged wnpcrceptibly mto large areas of diffuse demyelmation

A system of gradation was agan considered necessary to evalu
ate the myelin changes properly The gradation was based upon
the obsened frequency of demyelmation on a low power field
whether pernascular or diffuse Grade 1, or nuld change, repre-
sented 1 area of pernascular demyelination or 1 area of diffuse de-
myclnation per lTow power field Grade 2, or moderate molve-
ment, represented 2 areas of pernascular change and diffuse de
mychinition per Jow power field Grade 3, or severe change, 1s de
fined as 3 or more areas of pervascular alteration and large zones
of diffuse demyelmation Table AXVI shows the over all fre
quency of the various grades of mychin change This table shows
that 85 per cent of the cases had myehin changes of some vanety
and degrec Six cases or 15 per cent had no alterations of the
myeln

The frequency wnd seventy of demyelination exclusive of the
basal ganglionic regions 15 shown m Tables NAVIL and NAVIIE
from which 1t 15 shown that diffuse demyelnation 1s more fre
quent than the pernascular form Only 3 cases had severe de-
mychnation Of the 8 cases one was a child of 8 months who had

TABLF WV T

Faurquaney o MrFory CHaveE Fxeet sivE or THE Basas, Gavouss

Number of Tee Contof
Type of Char ge Corer s
Dhihuse dony elinstion 33 o
Pennascular dewselinati n w It
Total No with 1 th tepos o chm ge 3 0

Ne Vel o dlanges # ”
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TABLE \\VII

ErEQUENCY OF GrapED MYELIN CHANGE FacLupine ToE Bast Gascus

Demyelination
Perirascular Diffuse
Numberof  Per Centof Numberof  PerCent |
Cares Cases Cases s
Grade 1 10 50 n 38
Grade 2 7 35 19 57
Grade 3 3 15 B 9
20 33

a congemital atresta of the hile duct with an obstructive type of
curhosis Of the remaining two, one was a woman of 53 who had
acute yellow atrophy and the other a male of 62 with hemo
chromatosis No complicating diseases were present with the ex
ception of a nuld degree of arteriosclerosis n the latter patient
On the other hand myelin alterations i the basal gangia were
less promuent and less severe as demonstrated m Tables XXIV
and XXX Both perr lar and diffuse demyelination are less
frequent 1n the basal gangha than i the rest of the bram as might
be expected The symptomatology from this region of the bram
m thus sertes of cases wa¢ not marked

Discussion of Myehn Changes. Although myeln changes
general occurred less frequently than nerve cell changes therr re
habilty as an index of cerebral pathology 1s somewhat greater
Diffuse demyelination was observed by Wilson (27), Von Braun
muhl (288), Bielschowsky and Halleryorden (116), Crandall and

TABLE \\I\
Frequency or VIrsLry Caavots TY Bassn Gavcun
Vumber Per Certof
Type of Charge "é”w‘ of Coses
Diffuse dems elination 15 S;
Pertvascular demyehnation 16 3
21 50

Total No (both types)
No mjelin changes 2t
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TABLE \AN

FrEQUENCY OF GRADED MYELIV CHANGE (N Basis Ganauin

Demyelination

Peretnsentor D fuse
Numberf  Per Centef Numberf  PerCent
Cases Cases Cases Cases
Grale 1 [ a5 & £
Grale2 + 5 9 7
Grades 3 18 2 10
16 19

Weil (79), Wemstein and Davison (177), Baker (103), Leigh and
Card (106), Gysin and Cooke (64), Richter (289), Jervis, Nothun,
Fremman and Moore (290) Pernascular myelin change has been
emphasized by Baker (105} Von Braunmuhl (258) Crandall and
Well (79), Wemnstemn and Davison (177) mentwoned but did not
stress pernascular lesions of this type

The demyclination observed here was more stoking m the
wlite matter and inner cortical zones The changes around some
of the vessels were muld showing merely a fragmented vacuolited
distended appearance to the myelin Around other vessels it was
more complete This process often cxtended some distance from
the vesscl and merged and coalesced into more diffuse mychin
¢hinge Fat granule cells were not noted except occasionally and
neurones within the 1rea showed some acute changes

At tlus time 3t can be concluded that myelin alterations are
preseat and that these changes occurred m 85 per cent of the cases
Which negates demy elnation as the sole cause of coma sice the
latter occurred m almost 100 per cont of this case matenal On
the whole, myelin changes w ere much more stnkung than neuronal
alterations

Ghal Changes (Fgs. 23 26)

Sunce the publication of Husshn and Alzheimer m 1912
which glial changes were described m pscudosclcrosis many au
thors have regarded such a change as pithognomomic of hepatic
discase The outstanding feature of thus change has becn a cell
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known as the Alzhemmer cell Figure 23 1s taken from the onginal
work of Hosshin and Alzhemer This type of cell was found
mn Jarge numbers by Hossln and Alzheimer, Spielmeyer (37),
Stadler (282), Scherer (291), Adams, and Davidson (292), Wag
goner and Malamud (48), von Br h (288), Brelschowshy and
Hallervorden (110), Leigh and Card (106), Uzman and Brown (81),
Rachter (289), Ostertog (287), Jervis, Nothin, Fretman and Moore
{200), Campbell and Morse (33), Bamnes and Hurst (35), Green

OBy
§80 06
00O & Ve

Fic 23 Drawing of Alzheumer cells taken from Hosshn and A!z};leslmﬂs
paper of 1912 showmg vanety of shapes taken by these cel

field, Povnton and Walsh (29) and Inose (302) The cells atlm
found 1n all parts of the central nenous system and with gfau;;
frequency n the basal gangha, dentate nucleus and cerebel r
foha Adams behieves the presence of such cells 1s 50 characteris

- .

I o
Other ghal alterations such as neuronophaga, glosss, obg
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Fic 26 Sechon through dentate nucleus showing a number
of Alzheumer cells

dendroghosts, gemistocytic askrocy te proliferation and compound
granular corpuscles hase been noted. In this study, sux types of
ghal alteration were obsen ed and these are histed m Table XXM
with therr relatn ¢ frequency. No attempt 1s made to grade altera-

tions of the gha
It 15 evident from this table that the Alzheimer cell type was
the most frequently noted glial abrormality This cell readily sden-

TABLE \AM

Frequency of HE Guiar Cuarces Opssiy D

A Per Cent
Type of Change A "C";ﬁ: of i /

R o s
Alzhenoer eolls 2 52
Gliosis 13 £
Oligodendrogha swelling 5 u
Gemistoc) tes 3 s
Neuronophagia 3 7
1 2

Glhial nodules
N




asa] Bangha Present 22 cases T 52 per It In 3 o505
Stuch ceff found the bram e, 10 g, € Dumberg Althougt,
Present yy, 1, If 1¢ cases, the cel) T such
I8¢ numberg s described by Hossliy, and Al Cimer (37) Stadler
2) and
Ghoss s obsery e 1M 13 eageq or 30 per cent N mast

Anlg Rtions of e 1godendmgha Prnerpalyy the fory,
of suefp, e Cdmn § eq s or 11 pe cent Ollgodendmglm
e sensyyy to post mortem Autaly g6 nder which Clreumstanceg

e cel} S swollen ts p; ocesses g, 80 clasmatg.

Momeny Increaseq Rumbers of ohgodcndruglm
Were hoted ;) Severg] Cases Gysim and Coole (61) Teported gy,
Increasq 4y, this cepp ™ their ¢ygq as did Leigh ang Card (108),
en s, Notkm, Freimay, and Moore (290, and yop Bmunmuhl
258)

N(‘uronoplmgm 15 [rcqucntl) obsen g ypy wfectioys diseases and
Bovieap g Wey states thae this Tepresents 4y, acute progegg and
that 0 DProcess o factor which itiates g, change \g Quite
Ohscure 'cumnophagm WS present 3 cases + degre suffy.
tent £, Mentioy Simlar alter.mons “ere reporteq by Crand,j
and W 79), Bzclschmuk) and H.:Ilcnurdux (110) g \on
llmunmuhl (288)
CMistoey tic Astrocy teg Were progent nonjy 4 cases or g

cent Grap Hodyleg e prosent M one ca50 No Particul, sig-
Mificance can ho attachey g, erther of these changey becange of

SClission of Gl Changes, Foxzaxd(rcd 45 @ whole g, altera.
tons ¢ the gha dcmunslmtcd both BFessine ang reactiye

O]
0 nop Hecessappy afeet e ghal clements Inlonmuon and
Naemy, whicl M resylp )y, the deagyy of urone nay hoy
Char, Stmulage 1, ictive changes the gy On the other hang,
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severe acute infectious myolvement of the nervous system or even
autolysis may cause regressive changes of ghal cells The oligo-
dendrogha, because of their location around neurone, have been
considered by some as lymphocytes Their function 1, howeser,
much different The accumulation around large neurones par
ticularly m the deeper cortical layers gving the appearance of
satellites, and along myelinated nerve fibers of the white matter
indicates an wtimate relation to nutrnition according to some au
thors The theory has been advanced that the oligodendrogha
regulate the myeln formation of nerve sheaths and act as a
mtermediary 1 the eschange of metabohe products between
neurones and bran fimds Since the majonty of ghal changes ob-
served 1n this study are found 1n many disease states, 115 difficult
to attach any real significance to them n an elucsdation or
cerebro hepatic relationships

The exception to this 15 the astrocytic alteration known as the
Alzheimer cell The factor that causes the transformation of the
astrocyte to assume the morphological appearance descnbed by
Hosshn and Alzt 15 o Campbell and Morse (33) felt
the hver elaborated a toxn which acted on the gha producng
this cell type Stadler (303), in 1931, thought the Alzhemner cell
mught contan glycogen because he had observed glycogen nch
cells 1n the hver of a sumlar appearance This was disproved by
Konowalow (304) Alexander (293), m 1942, noted Alzheymer ceﬂ;
m a vanety of hepatic diseases and felt they are the same ce(l]
type as would be expected from necrosis due to depmabor: an
mterference of the blood supply Wood and Pendleton (305) m
1925, reported Alzhemmer cells at autopsy the braws of I:
Chumese observed dunng a famne i Shantung Province Leigl
and Card (106) suggested a dietary deficiency state also They
reported a case of hepato lenticular degeneration with postero-
lateral column 1 olvement and because of the picture of subacute
combined degeneration of the cord, they drew a companson::?
tween the Alzhemmer cell and the megaloblastie response of the
bone marrow in PE]’“)C]DUS anaemid

The Alzheimer cell was dismissed by Wilson as by
constant nor specific Siemerling and Jakob (306} no!

emg neither
ted them 10
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wlective cerebral states and w chrone epdepsy They were nat
charactenstic of the cases of Westphal (33) Schmdt (307)
homyey (308) or Tschugunoff (309) They hate beea descnbed
i hepato-lenticular degenesation by Sprelmever (37) nd Pollack
(29) and Bames and Hurst (35) Campbelt and More 0

cussing the cells stated 81 » 7 >
AR

e

« w> m pseudosclerosss  Schasen

Iy« u prown (310} found only muld astrodt 1 nm

3 cases of exshosien V7 the

vith

i « ecration Olmnaka  tashibawa

suws Moza Tahnyora nd hamevamo (260) sug ested that
Alzhesmer cells are formed as a result of damage by ingested
wopper
To shed further hight on the \lzhumer cell and becanse of the

controversy  brams without bner diase werc o for
Alzhonmer cells VMo 1ol 3
- s OIS
! ws sucrosis Alpess diseasc \anes

€ weoaratang paralysis agitans Huntington s chorca multple
selerosts hrabbes discase carebral artenosclerasss cerebral con
tusonthe berder 7ome of 3  lioblstoma weltforme ind w two
vormal brams Winle many of the above states may be dufiteney
states the ubiquity su_gests that hittle stress should be placed on
these eells s charctenstie of hepatie disesse floweser st e
bo sad that the celfs were obsersed hepatie disease i reater
sumbers thau m the wove canditions but nat n such o undant
numbers s veported by other anthors Wath the exeeption of the
Wehenmer eedl therefore it amficance can T o ' 9 the

phat fterations wd @ Y hing
N L e
! 12 e cesudt of the sumic factor that

1 wecu ttie neuronsl wd mvelw chanos while atbers are due
1o separate fictors The presence of the Mzhewner «eldin 52 per
<nt of the cues 15 the outstnding (Jal alteration lthou i the
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etiology of such 2 cellular change 1s obscure the presence of it m
large numbers as reported by other authors and i one half of the
cases n this study warrants some consideration It 15 not to be
considered, however, as a eerebral representative of hepatic dis
ease only

THE SPINAL CORD

of the preponderance of cerebral symptomatology m
hepatic disease the spmal cord has been overloohed Wikson {27)
states the spinal cord 15 usually normal in lenticular degeneration
Von Braunmuhl (288) reported demyelination m the spal cord
and Leigh and Card (106) reported a case of hepato lenticular
degeneration assaciated with posterolateral column demyelma
tion and ghosis Although the cord was not examuned, Gysin and
Coohe {64) obsened atrophy of scattered muscles m a case of
hepato lenticular degeneration suggesting spmal cord molse-
ment

In this senes of 42 cases the spmal cord was examued i 5
mstances The antertor horn cells show.ed acute and chronic nenve
cell changes m all cases along with neuranophagta Demyelmation
of a mild degree m the lateral columns was observed in two czsesd
No clmical symptoms were reported m the cases with cor
changes

A,

SUMMARY AND CONCLUSIONS OF
CEREBRAL PATHOLOGIC STUDY
Alterations of neurones, myehn and gha were present it ;1:;

study of 42 cases of hepatic disease Nerie cell changes, lgf“ .
on the basis of frequency of abnomality and noted m all cases,
are not considered indicative of hepatic disease only In 21 p;f;
cent the changes were mmld, in 52 per cent moderate, and H;mn
per cent severe Consideration i the nterpretations of ga;g&m
cell alterations must be given ta the effects of autalysis an .
tion and other complicating factors Myehn changes werehm
served more frequently Both penvascular and diffuse dml:) er\ )
tion were present wm this sentes and were less frequently o Seanly
m the basal gangha Severe demyelination was present 1 o
3 cases Ghal changes with the exception of the Alzheumer
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were nop Stnking, o4 ven the Jagte, nlllxough Present 1 55 cr
cent of ¢hy €ases \wag 70t found 4y, COploys Bumbers 1thoyp
doubt oy chapges (Iescnbed here oy tribute gy the s)mptomatulog)
of thys Broup bug g, role Playeg by eac), S inpossibla to detey
mine

ne,
endless p, Tene gp, ghal ceyy, a1 severel, festncted 1, their
Teactn g posub.hucs To Wsume that o Partieyly, type of Teaction
N a specyfie 10z 15 5 Nustahe

"EL\TK()\SIHP BET“EEV CCHEBRAL CHA\CES
AND LIvig FU\CTIOV TESTS
Acuropathologxml ch:mges of one ¢ Pe or o, occurred 4
nealy ey case of this styq, he ehnyegy sm)ptomatologv Te.
fectey this'e lange ang demonxtmkd the dnb‘u:onms of the cope
i Onstrate w ey

bra} teration In order ¢ emon 1eT or nop 5 relatrop,
Sp eygpg bety, cen the Iy, t’unchon tests ang ebral changes
the £, Pared to &raded han go, foungd the
Aeurones 4y d myelyy \o cor "Panison vy, the ghay lterations is

tempteg hough, 1, Hew of g tie changes Such mught be
llmrab!c “hangsey 1y the ghqp clement, howeyop Yould cap
{nhyty Bttl the ge \Hlptumalnlo,‘ of hepatye €omt Thyg
d W0n Ty, AS I ang A Te s g
Sight oy n the thymo} turhudyyy cephahn g, ulation and
serumy Zlobulpg as the cerehyrq) Deurong) change, become More

Ve The b:hmbm althougy, COnsidera)yy, evateq M all grades
erthJogg shows Sl greatey elevatigy with more Severe corp
ral o teratioyg Grade 3 cerehray changes are

ring, uro|
um cholesy, 1ol ang alkalin, phusplmtnsc The Targe,
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TABIE \\AIID

AvERAGE Vartes or T nen Foveriov TEsts Couriren
70 NEUROVAL CifANGES

Pab
Blubn & um Prot
Neu onaf Ch I3
onaf Chang + roec  ONL Td i e WA Tma%
fromd
Gadel
Cortexandwhtematter 54 20 88 164 74 27 41 18e N
Bussl gangl s 2 ¢5 93 w8 7¢ 27 50  nms 6
Grade 2
Cortexandwhtemattr 75 28 8¢ 196 68 28 S$9 ut «
Bass! gang) & 87 28 [ETY 88 29 34 LI
Grade 3
Cortexandwbtematir 79 S0 110 197 58 23 383 TR
Basul gangha 63 31 us w7 do 24 86 ¢ B

A sumilar but less marhed relationship holds for the myeln
changes as shown in Table AXXIV The flocculation tests show
less vaniation than wath neuronal changes The prothrombm mdex
1s m the reverse relationship to that noted with the neuronal
changes

TABLE \\AIV

AVERAGE Y ALLES OF LivER Foverrov Tesrs CouPARED
70 MYELLY CiANGES

BIubs Serun P ot Uk Tainls
YylnChnge 77 cc PR S e bl
e —
Grade 1 ,
Cereb um g4 33 82 163 77 23 54 ms ‘7
Basal gangl a 64 3 s az 82 25 37 %o L
Grade 2 "
Cerebrum 68 248 ns3 201 63 27 a5 g 1
Baafgmgla 71 82 m1 185 s9 g3 s 108
Gades
Cerebrum 8 ] 81 2l 68 7 40 nsz 4
Conclusions
a study as this

No other conclusions can be drawn from such e
except to state that m general the more severe the hepatic disea ¢
the more abnormal the Iiver function tests and the more severe



@ prc;en(‘e of }aunﬂ'mo, asc:fes. ang
Jpon’uluubme 13, mmonua, 2/
lurb:d:ty, mcrca:cd e gIoI)ulm, ang . DPosigy, Cey
ccculmon Yere Dregey,, N the ma[omv of the,
Patic d).\funch n Cittng, be Beery, 4 mlcr(moym ox.
ammahou of the Ussyye ang smul.:rl( tro
o) Cheny Canpgy be g, b

Ot toly ' Study op I’



Chapter X

POSSIBILITIES, SPECULATIONS
AND CONCLUSIONS

TnE FRONTISPIECE to this monograph depicts the hver brawm
relationshup in the hikeness of a tree, the roots of which are largely
nourished by the liver and to a lesser extent other abdomumal
organs and the trunk of which comeys the hepatic metabolites
to the bran In our present stage of hepato cerebral knowledge
we are at the perphery of the tree samphing the branches here
and there In this relationshup we have but scratched the surface
and have tended to forget that a combination of factors 15 more
hkely the cause of the cerebral manifestations than one substance
alone
Emphasts so far has been placed upon the liver and sts metab
olites We must now turn some attention to bram factors As w
the case of the chapter on the hiver brewty 1s the keyword There
are sexeral excellent books on bram chemustry to which the reader
15 referred for details (265, 811 312) We are but at the begmuning
of this fascinating story Electrophystology of the brain is some-
what more advanced than cerebral bochemustry The most fre
quently studred metabolic change m the bram has been that of
axygen consumption with somewhat less work done on glycolysis
ammo acids, ammona, ypids and protems

The metabolism of the bram 1s ligh and not only » there &
difference m the metabolism between the central and penpfwmf
nervous systems but considerable differences esist between cortes
and white matter and the antenior and postenor parts of the
bram There s a very defimte metabohe gradient from the frontal
regions to the wferior bram areas Because of ths and hecanse
af the lack of oxidizing reserves m the brun the forebram strue-
fures may be decommussioned during low blood sugar and fow

44
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oxygen levels while the medullary functions contigue The chicf
function of the cerebral metabolism during the resting state ap
pears to be the mamtenance of membrane mtegnty When there s
mtesference with cellular metabolism many bwochennea) chinges
occur among whuch 1s an egress of potassium ons and intesruption
of the resynthesis of creatine phosphate resulting 1n a change m
membrane potential Such altcrations are not particalarhy speafic
to hiepatie, renal or pancreatic disease but do ndicatc actise rither
than passise participation by the brain Obssoush not all cercbral
changes can be accounted for by a fall m membrne poteutialy

The resting and active metabolie states of the brun nd the
resting and active catalytic systems duffer since the latter can be
dfferentially mhubited Furthermore the physiolo,teal response
may be separated from changes in metabohsm for a ncne ms
continue to conduct normally for many hours without meicasin,
its oxygen consumption

Ina smilar v an diffaences exist betw cen parts of the neusdr o
The penpheral ncrve has its own blood supph with sarous
substrates and yet ats dependence upon the cell body n th
brain or cord 15 well demonstrated by the degencration that occurs
ifsivered What then does the cell supph ® Perhaps enzymes for
there 15 some evidence of an axonal nugration of protein ke
substances ‘The bram differs from the penpheral nene m uam
plenty unst number, cell muture difficults dehing with seingle
umlsand by having a greater susceptibality to its chamel envieon
ment In the ponpheral nenve there 1s 1 pauerty of substrutes
whercas m the braw there 1s a superfluity We are accustomed to
thirk that the bram burns only glicose This howcver 15 not tine

for the bram can and does burn other substuices meludmng o
tamie acad

)
m}:'pw""""l"é‘ observed m differcnt disc 1ses The polis vinn
L8Y

\ its m alfimtn for the cenzyme systems of the motor nucker
which are also the chowee of the ament i umvotrophne fatend



Chapter X

POSSIBILITIES, SPECULATIONS
AND CONCLUSIONS

THE FRONTISPIECE to this monograph depicts the Lver bram
relationship 1 the likeness of a tree, the roots of which are largely
nounished by the lver and to a lesser extent other abdommnal
organs and the trunk of which conveys the hepatic metabolites
to the bramn In our present stage of hepato cerebral knowledge
we are at the peniphery of the tree, samphng the branches here
and there In this relationship we have but seratched the surface
and have tended to forget that a combination of factors 1s more
likely the cause of the cerebral mamfestations than one substance
alone

Emphasis so far, has been placed upon the hiver and its metab
olites We must now turn some attention to bram factors As
the case of the chapter on the liver brevity 1s the keyword There
are several excellent books on bram chemustry to which the reader
15 referred for details (265, 311, 312) We are but at the begmning
of this fascinatimg story Electrophystology of the bram 1s some
what more advanced than cerebral biochemistry The most fre
quently studied metabolic change m the bram has been that of
oxygen consumption with somewhat less work done on ghy colysts
amino acids, ammoma, liprds and protemns

The metabolism of the bramn 15 high and not only 1s there 2
difference 1n the metabolism between the central and penpherd
nervous systems but considerable differences eust betw cen cortex
and white matter and the antenor and posterior parts of 5[
brain There 1s a very defimite metabolic gradient from the frontd
regions to the nferior bram areas Because of this and becase
of the lack of oxidizing reserves m the bram, the forebramn struc‘-’
tures may be decommussioned duning low blood sugar and Jov
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oxygen levels while the medullary functions continue The cluef
function of the cerchral metabolism during the resting state ap
pears to be the mamtenance of membrane mtegrity When there s

i with cellular bolism many brock 1 chnges
occur among which 15 an egress of potassium 10ns and nterruption
of the resynthesss of creatine phosph lting wn a change m

membrane potential Such alterations are not patticularly speaific
to hepatuc, renal o1 pancreabic disease but do mdscate ar tive rather
than passie participation by the bram Obviously not all cerebral
changes can be accounted for by a fall m membrane potentials

The resting and actine metabolic states of the bram and the
resting and actve catalytic systems daffer since the Iatter can be
differentially infubited ~Furthermore the physiological response
may be separated from changes m metabolism for a nerve may
tontmue to conduct normally for many hours without increasing
1ts oxy gen consumption

Ina simlar e differences exist between parts of the neurones
The pertpheral nerve has ats own blood supply with various
substrates and yet 1ts dependence upon the cell body m the
bram or cord 15 well & ated by the deg on that accurs
if severed What then does the cell supplv? Perhaps enzymes for
there 15 some evidence of an axonal migration of protem hike
substances The bram differs from the penpheral nerve m com
plexty, umt number, cell muture difficulty n dealing with single
umts and by having a greater susceptibilits to its chemical environ
went In the penpheral nerve there 15 a pauaity of substrates
whereas m the brain there 15 a superflmty We are accustomed to
think that the bram burns only glucose This however s not true
for the bram can and does burn other substances ncluding glu
tamic acid

1} 15 quite apparent from these observ itions that considerable

. A favon o oeeny

symptomatology observed n different diseases The polio virus
ethibuts an affinsty for the enzvme systems of the motor nuclet
which are also the choxce of the agent m amyotrophic literal
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sclerosis Major seizures are precipitated by high CO. levels and
petit mal seizures activated by low CO. values In Iner disease
there are many symptoms reflecting different systems providing
chinical support for a multifactor defect m hepatic encephalo-
myelopathy

Up to this pownt this monograph has been concerned with chnt
cal relationships We must now give consideration to other posst
bilities of which there are many The multipheity of biochemical

TABLE Y2V
List or hxowy BiocsEsicAL Aavonuaumies 1N Heeatic Disgiss
Cerebro- Codnr
Maabolies  Hlood  Lrne spnal Metadalue Blood  Lrne  apml
Tud Flud
Pyrusate Increamd  Tncreased Increased Vit 4 Decreased 2 ?
Amino acidy  Increased  Increased VtB ? ?
B lrubn Jucreased Increased  Lactcacd Increased 2 !
somet mes

Ble Salts Increased ? ? Serum protc ng Decreased ? ?
Ammoma  Juercased ? Serum globuln  Jacreased 2 t
Poryphyras  Increased  Increased 2 Blood ammoma  Increased  * ’
Hormones  Incressed ? ? Cholncsterase ~ Decreascd 2 ?
Antduwretie  Increased > 2 Sugar Gelsctose  Tocreasd 7 ’

bormone Fructose
Prothrombu  Decreased P ? Serum rou Tncreased 7 ?
Urob I nogen Increased ? Transmosse  Increased 7 :
Alkaline p tase fncreased ? ’ Fozymes ? H
Cholesterol  Increased > i Leacopen & Present - -
Cholesterol  Decreased 2 7 Ansczus FPrewat - -

eater
Glyceral Tacreased ? ? Theombocytopen s Present - -
Tatty sods —
Phosbates  Increased ? : Othets as yet un ’ -

Lnown

alterations that reach the bram are histed m Table XAV Before
the substances themselves can be discussed two mportant factors
1n bramn metabohism need consideration~the blood—brain barmer
and cerebral blood flow These are factors which dictate to 2
great extent the responswvity and reactuv sty of the nervous S)S}ker:e
Generally speaking the latter 1s 2 relatively stable organ wof
metabolism rests Jargely on glucose and oxygen for the pmposis >
providing electnical energy by which means 1t operates o
capable of manufacturmg its own hipids and protems anb] o
course has 1ts own enzyme systems It s not, howeser, capal :;u
manufacturing its own metals that aid the enzymes nor to m:
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facture 1S own carbohy drates except wnusual cﬁcums\ances 1t
must rely on bm\dmgb\oc supp\\ed rom the outside Because
of the natore ofats function 31 controllis many hodal organs an

are TIPe In an
be through the blood brai barne?

The Blood Brat Barner

All of the abnormal metabolites ¢hat result from hepatic disease
soon cOME mto contact witl Blood brawt Hamer (BBB)
2]

n admitting and Tejcctn® substances to its dom®® This 18 &
device which 15 the reaipient of consxdem\l\e nvestigatio? today
Wile there 37€ some seeringly nebulous 351 ccts to s barrie?
1t 15 hnown 1© consist of (1) the capillar wall @) pe capilary
sheath 8) pcncap\\\ary space @ x\eurog\:a\ membrane® () the
cerebral ¥
mucocopo\ysaccnnde complexes an yantities of hy aluromc
aad &) yermcumna\ space and {7 the x\eurom\ cell membran®
wself Thepert ‘acuronal S ace 152 queshona\:\e entity whose form
and existenee 1 cmed bY the clectron m\cwsco‘nsls who beliere
tlus space a8 scen under hight meroscopy 5 o shnnhag? or fination
artefact

Cons“lcm\)\c Lanation occurs 1B the amount speed and s1Z8
of pamc\cs than can enetrate s barner For examp® N
Cp® and B U erse the BEB at Afferent TateS the latter Lemg
the slowest HO O: and annesthetics pass the barnef so quic ly
as to render exact measuxemen\s \mpossm\e Alost substances
howeser Pass slower 100 the brain fhan nto other organs Large
molecules and tonns do not pass at all € tetanus antitoxa
cepuloplasmun ?cmm\\m The 1elooity and mtensity of passag?
vanes wit the locationt 1t bemg g(calcst in the plext poslcnor
Tnpopht 1S and the epphvS* Passage thiough the BBB also
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Subject ¢, toj O8taphycy) d:lferences and Many, stances g,
X than i

penetrahon s Quicker n the Corge, N m the white Matter
€ Wht, Y matt, behay ¢ differe, by to foresgy Husds
g 1 famm, T date, fhug Crcesses ® Deuroneg ma
hoy, Virg hange , edemy due Poproteren,, b
Cwse ¢, HFusign 1 reducey only shghyy, The w, € Matter
on the oy, ha be sey, rely tyehn, becayge of the
high D f water by Myelin "D, pite legnty of
Neurgy, Stroey geg May p, Oliferat, nder sopme cond,
1ons p, T80 regregs, nges ap, Stormed g,
Mheq Nuele; (AIlee:mer cells) 45 m lxepatolenncular egener
tion (325) u; ‘e un theg, TVationg Possipla eyplan,
Yon for ¢, ebr; Tation pogy, palholagxcnl and YMptomag,

era
for the May pe Telated 4, g cbanges Tespectiyg of any gepe,

Umeroyg substances 3N cause , reakdowy, of the blood bram
barpg,. Those Which are Pertineng 4, Iner disease are as folloy s

(1) Bije Salts\x\h gl Cocholate (059 ConCentragg, (313 315)
~Na €soyy cholage (04g) Concentrat; g,

[&)] szrubm (316)

(3) Large Juantigeg e phy Stologyeq) Agents (813)

() ¢ Cyse A Na gs Znes P"{317)

The BBB 4 "0t affecteq by ‘asodilatygy, Iu:hmme Oracety Ieholye

nd it g 10t altereq by p, 510106y Meang
This 5 but 5 Dartia] iy nd furthe, Study vy advance gy
l\nonledge of its selecuuty Ttyg Pparent ¢ €4t consideratyon,
Must pe 8hven to g, BBE ths reIatxonsh:p t1s quite Possible
of the Y such ag py, salts or

pre| akdoyy,
bibirylyyy, Y Spearheqq the v 4, for furthe, bmchcmxcal changes

S 2 regyy of Moumers e Studieg Rety
norma} Cerebryy bloog flow, (CBF) 3 5 eupye Centimeterg per
S of brain tissye Der mynyy, T] norma] OXygen con
SUmption 1533 Cube centxmeters m the Same amount of tissue,

(819) hag Pegged the
uby
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1n duabetic coma he has found an inerease he CBF to 63 ccf100
gm [ and 2 sumilar ncrease 1 wsulin comd o 63 cc [V
1

gm [ Su o are about 9 grams of glycoger m the whole
Humon brait ¢ 1le to plucos® the brat
15 able to w2 = - than
anowa It €30 be colculated tHAt nwill

°
support cerebral metabolistid for about g0 mumutes 4 e low
Tevel pxesenl n coma fter the ghycogen supphes are dey\eled
the enzyme S stems tum canmibalistic and commence 1o devour
the structural components of the neuronc! The situationt jn hepatic
coma appears tobe Qufferent

Wechsler Crum and Roth 232) studied the cercbral blood
fow and Oz consumption 1n seven €ases of hepatic coma In each
there was an alkalosis (to be iscussed 1ater) with 30 average pHi

a h i the cerebral vasew ar

sesistance (CVR) but the artenal pCO: was depressed {p 25 oM
e~ Desore the constant CVR the ceF fell s:gmﬁc:mk\y to
3 a s a result of 2 drop 1™ the mean
? Tt The decrease m
t

17cc/Wb
1s a normal arterna) 0XyBE® cu v 3
the bran the reason for the Tow cercbral metabone @~ o
deficiencies M the enzyme systems that cnable the Bran to use
oxygen

Sumilar studies WeTe recently repoﬂed by Fazehas Ticktin
Ehrmantraut and Alman (320 In this report the pane“ls were
diided nto threc groups of hepatic nsufficiency 41 those with
out cercbral mamfestations those with lethargy somnolence a0
confusion and @ turd group ith coma A summa of the article
by Fazehas 18 shown Table AXXVL Tt apparent from this
that the dnef differenc® 1n the groups rcpor\cd \s that of & 1¢
duced cercbral oxy B atiization t0 2 Jer el about one half of the
normal The depression of oxyLeR utlization cannot be catirely
the result of inereascd blood ammonsd fevels ot a8 ncreased VP
take smee the alues of ammonia Were not S\gmﬁcaml) Aufferent
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TABLD SAAVI
Ceneeras Metanousy 1w Heramic Instrrrcmncy

Group Average } alues

Group I GroupII  Group JIF Normal

20 Pahents 15 Potients 16 Patients ¥ alues
ige 52 53 54
CBF 471 a1 9 396 54
CMRO, 23 17 16 33
CVR 20 20 17
MLABI 90 kis <5
110, 514 441 407 b0
it \H, 17 19 26
Ve N1, 15 17 24
\rt pyruve 18 24 L¥]
Ve pyruvie 17 23 22

{ Modtfied from Fazehas et al (332))
m groups 1 and 2 Furthermore the authors reported that 10 nor-
mal mdividuals exlubited the same v differences and a
similar ammoma uptake as was noted i the cases of hepatic m
sufficiency They could find no good correlation between blood

levels and logical festations

The duimmshed CMRO, indicates a disturbance in carbohy drate
metabohsm but this 1s not due to low blood sugar values smce the
latter are usually within normal mts The value must be due to
umproper utilization of oxygen, a fact which 1s supported by the
high blood pyrusate levels suggestng a defect 1n pyruvic oudase
systems The energy derved from such reactions 1s requned m
reductive amnation of glutamie actd and if reduced may as a
result cause imparment of heto acid oxdation which mn turn may
be responsible for the elevated blood ammoma levels as well as
the accumulation of pyruate The practical therapeutic applica
tion of this lies 1 the intravenous admmstration of vitammn B
compounds or other respiratory enzyme precursors Oxygen 1tsclf
15 not needed smee the artenial oxy gen saturatton 1s normal The
utthzation, however, 1s umperfect

The control of the cercbral blood vessels 1s largely under the
influence of CO: The role played by the alkalosis i hepatic coma
15 discussed below These observations further suggest the posst
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bihty that the cerebral alterations could be due to a relative
anosta The pathological cell changes certamly would musror this
alteraton  Although 1t 15 unlikely that the myeln or astrocytic
changes would Such obserations further strengthen the multiple
factor hypothesis

P

Alkalosis and Electrolyte Imbalances

Disturbances 1 body electrolytes and flmds are known to occur
i hepatic diseases Essenmenger Blondheim Bongiosanm aund
Bunhel (321) hunhel (322) Chalmers (323) and Mark (324) demon
strated the retention of sodwm in patients with asextes Thus 15
due to the stimulus of a constant state of dehydration and corre
Tates with a low scrum sodmm As a result of this one would
expect a shuft m the sodiwm potassium balance Ascites 15 not
due entwrely to hypoalb or portal hyp swee
antidwretic substances have been found 1 curhotics by Tverson
(325) Chalmers (323) and Mark (324) Chabmers studied the
faid balances m cirrhosis and noted hemoconcentration and de
hydration dunng the development of ascites and shifts i sodsum
and potassum The latter has becn recently noted to excrt con
siderable mfluence upon nervous system function The retention
of fiwds 1 cirthosis provokes the question of cerebral oedema as
a cause of the cerebral symptoms

Few studies have been made on these "bnormalities m hepatic
coma Amatuzio Stoteman Shrfter and Nesbutt (326) studied
this aspect of hepatic coma and noted a decrease m sodwm
cllondes and plasma CO values Vanamee Poppell Glhicksman
Randall and Roberts (327) studied 29 patients with hepatic coma
25 of which had respiratory athalosis as mamfest by high pH and
low pCO; values There was also a comexdent elevation of blood
amunoma levels No correlation was obsenved between the latter
and the svmp logy of hepatic d pensation The elevated
ammoma fevels however mav stimulate respiratory eachange wnd
«d 1n the development of the alkalosis The charactenstics of the
ox hemoglobim dissociation curve under condations of high pii
and low CO. sdicates inpared O unloading at the ssue Jevels

(328) In resp y alkalosis the el phic changes are s
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Iar to those reported 1 ammonta toxicity according to Darrow
and Pathmaft (329) It was further noted that the hypocapnia
causes destruction of acetylcholine by cholmesterase The control
of CO: over the cerebral blaod vessels has been mentioned and
one can surmise an additive effect of the low CO: presenting any
compensatory vasodilation that mught be needed as a result of
other metabolic abnormalities and thereby contribute to the coma
It 15 apparent from such observations that electrolyte and fmd
alterations resultmg from mmpared Iver function cannot be
ignored as unportant factors m the production of coma Further
studues are needed on this aspect

Enzymes and Metalloenzymes

Euzyme rescarch has done much 1n the past decade ta explam
the role of organte micronutuients such as thamne, nboflavin,
meotmanude, pyndoune and others Progress has been x’nade also
m establishing and clanfying the role of bulk metals as K, Na, Ca,
Mg, and Fe as well as that of the trace metals, Cu, CO, My, Zn,
Mo, N1, Ba, As and Al Physiological control over the metallo-
enzyme activity 1s affected by the availabiity of the ron plus the
effect of trace metal antagonists Thus, many of these enzyme
systems worh under estremely close tolerances and thewr fune-
twons are readily prescented by Abnormal amounts, whether excess
of deficrencies, of metals

There are approximately 25 different enzyme systems m Ulg
bram and perhaps more, a knowledge of which 1s mperfect an
many of which are also present m other organs as w ell, such as
the ubiquitous catalase Cytochrome C s closely lnked with won
and s d d under Iron Metabolism The relationship of these
to the basal ganglia and porphyrm metabohsm are also dhscussed
m the paragraph on Porphyrn Metabolism

The phosphatase enzywes of the bram have been ¢ ted zg)
Feigin and Wolf (330) In gene ; o@sphatase cs:
Iiberation of morgame PO, fro esters § s
exst Alkaline phosphatase splt = of pho -
esters such as ghcerophospha phosp

phosphate, ]"i sphate, a1 s as
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and ATP Itis activated by and minbited by cyanides
Acd phosph 5 nucleotrdase, phospk pyrophospt
tases and adenosme tnphosphatase ase other smportant enzymes
whose normal function 15 understood but whose functions have
not been studied in this relationshup

Roizsn (331) has studied the oxidases m varous diseases of the
brain, The oxdases are capable of catalyzmg reactions of oxida-
tion  Cytochrome oxidase, phenol vrnoxid
dases, tyrosinase are members of this group Some of these are
whibited by the action of hile salts Cerufoplasmin, the copper
contauung globulin compound has the ondase actisity and other
members of this gioup are also copper contaumung substances
They are generally mhibited by sulfides, cyamides and metal bnd
mg 1ons and by deficencies of copper

Vitamuin B compounds are enzyines essential for carbohydrate
metabolsm and are discussed brefly under the paragraph on
carbohy drate metabohsm

Metals play an ymportant part m enzyme systems Cu, Fe and
Zn are d i sep Iy \Mag; 1s the umportant 100 1
decarboaylation enzymes which catalyze carboxylase pyravic acid
ondase and alpha Leto gutanc andase This won 1s also mpottant
n the action of phoph hexolanase, arg ATP trans-
phosphorylase, enolase, alkalime and acid phosphatases Zinc 15
wnportant 1 alkalme phosphatase and carbome anhydrase sys
tems The latter 15 essential to the ehmmation of €O, and 15

das:

hepatic cerebral relationships A study of these is lughly desirable

Copper Metaholism

The recent observation of an merease 1 the unmary eacretion
of copper in hepatolenticular degeneration has focused attention
of the mctabohism of this substance Copper 15 transported 1a the
blood m two fractions (a) ceruloplasmm—an mdirect re acting
fraction and (b) a direct re acting fraction

Cerulopt a copper g protem was first isolated
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by Holmberg and Laurell (332, 833) m 1947 It 1s an alpha-
globulm with 2 molecular weight of 150,000, and contams 084
per cent copper and has the enzymatic activity of an oudase
Ninety-five per cent of the blood copper exsts in this form
Ceruloplasmun 15 not found mn the bram but 15 present m small
quantities i the Inver and hidney according to Marhowitz, Gubler,
Mahoney, Cartwright and Wintrobe (262)

The direct reacting or “Toose” copper fraction constitutes about
5 per cent of serum copper and 1t 1s bound to the albuun fraction
Together, these two forms make up the total plasma copper
the normal value of which 15 about 116 nucrograms per 100 cubie
centimeters of plasma Although the bulk of the plasma copper 15
m the form of ceruloplasmm, this element 1s transported 1n the

direct reacting or albumin fraction Oral or mtravenons admns-
N on and

e~ g v Oubler

{834) The copper content of the red blood cells 1s 115 merograms
per 100 cubic centimeters of packed red blood cells

Copper has a widespresd distnbution and the aserage adult
ngestion 1s 25 pulligrams of Cu per day se that man mamtains
a balance of about 2 milligrams per day Because of ats ubsquity
st 15 doubtful 2f copper deficincy can occur 1 man except
marked hypoprotemerma for 1t cannot be entirely excluded from
the dhet

Copper 15 stored m the liver and other organs with a greater
amount in the latter because of the relatively greater mass although
the hver 1s the chuef storage pomt Copper 15 also found 1n the
bramn (324) Copper 15 excreted wn the bile and this amount »nnc;
between 0 to 70 micrograms per day regardless of the route o
admmustration  According to van Ravestyn (835) some bde x;
excreted through the intestmal wall and of a given oral dose :_
copper 65 to 75 per cent 1s recovered m the feces and only ..:
per cent absorbed mto the body A nise in serum copper occur
ofter the mtravenous admimstration of copper and 1 a few days
there 15 a ise 1 the biliary and fecal copper levels Seventy nu;
per cent of radiocopper (Cu®) 1s recovered m the stools and 1b ;Jer
cent mn the urine accordng to Bush, Mahoney, Markowitz, Gubler,
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Cartwnight, and Wimntrobe (270) The normal unnary copper ex-
cretion i 0 to 25 muicrograms per 24 hours

There are several copper contammg protems and enzymes im
mammakan tissues (1) Buty) co enzyme, a debydrogenase which
catalyces the Brst step i the oxidation of 3-8 carbon atom fatty
acds (2) Uncase, links copper to purine metabolism (3) Tyrosi
nase, another copper contammg enzyme that hinks copper to
melanin metabolism by catalyzing the osidation of L-tyrosue ta
L-diby droxy phenylalamne (DOPA) and to melann pigments
{1) Hepatocuprem, hemocuprem and the mik copper protens

- HaVIL N

place copper m a fundamental position m oxdation reducton and
energy transfer reactions

In the lower anmmal, copper 15 necessary for the production of
woo} and the mamtenance of the myehn sheath It 15 antagomstic
to 2me and molybdenum and a hugh concentration of znc wilt

the best known esample

_ Tt was first desentbed by

Bennetts and Chapman {336) who studied this condition m the
lasmbs 1 Austraba, and by Dualop, Iunes, Shearer and Wells
{337) who studied a simular condition 1 England At autopsv these
ammals exhibited demyelination of the spwal cord, particularly
of the doisal s bellar tracts, d dep of hemo
siderin n the hver and a Jow serum copper (336 338) The add:
tion of copper to the feed of pregnant ewes prevented this con
diton from developing n the lambs Gross cavitation of the bram
oceurs in acute copper posomng according to these authors In
these ammals the tissue copper 15 verv high and when a sudden
egress of copper from tissues occur the hdneys are damaged and
the ammal dies 1f the anumal survives these cnses he deelops
@ crhosss The hy pocupremia of these ammals 15 accompaned
by Jy poferrenua, bone marrow by perplasia retarded bone growth
and anaesma A deficiency of copper does not occur in man as a
result of dietary means Hypocupremia m man occuss in hepato-
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lenticular degeneration, the sprue and the nephrottc syndrome
Campbell, Dantel, Porter, Russell, Smith and Innes (339) reported
on the development of logical symp wdistmgurshabl
from multiple sclerosis gst laboratory tech working
on the copper deficient lambs m England No abnormalities of
copper could be found mn these indiiduals, howeser

Cumngs (54) analyzed the copper content of 27 normal braws
and found the highest values in the globus pallidus, and putamen.
These arcas had also the highest won values He established a
normal range of 12 to 82 milhigrams of copper per 100 grams of
white matter and a value of 12 to 72 mulligrams per 100 grams
of grey matter Tingey (340} demonstrated a progressive merease
m the copper content of the bram with the development of the
nervous system The bram of the newborn mfant 1s low in copper
but reaches the adult level at approximately 2 years of age
Mandelbrot and associates (259) concluded that while copper 15
essential for the de\elopment of the fiber tracts, function s not
disturbed by an excess or deficrency of copper after the develop
mental period 1s past The low copper content of the mfant nerv
ous system and 1ts progresstve increase suggests a relationship to
myelmzation of the neryous system A further link between cop
per and myelm metabolism 1s to be found m the work of Rluver
(341) who noted a progressive porphynization of the nervous
system which was believed to parallel the formation of myehn
Porphynn metabohsm 15 mtimately related to copper metabolsm

The exact action of copper 1s obscure Its presence m man)
organs indicates a defimte function It has been considered as a
catalyst for the formation of hemoglobm by Dry (245), for the
oxudation of cystewe and glutathione by Elehjem (342), for the
breakdown of glycogen by Kiel and Nelson (343) and for tI:E for-
mation of melanin by Flesch (344) According to Xiel and Nelson,
copper 1s necessary for erythropoiess, pigmentation and myelina
tion and 1t plays an mportant role m the function of ¢y tachronllc,
catalase, and oxidase systems which are necessary for cellular
respiration  Glazebrook (53) regarded copper as an enzyme -
hibitor, sumilar to other heavy metals The basal gangha nr?
mvested with a very nch vascular system which 1s mdicatnne 0
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2 Ingh oxygen demand and this area 15 susceptible to carbon
monaxide and cyamdes which are known enzyme mhibitors Ac
cording to Glazebrook (53) the 1on of copper i the
basal gangha i Wilson s disease may be 50 times the normal, and
cextamly suffi to cause minb of and 1
necrosis

While the prease role of copper m cerebrohepatic disease re
mains ludden m a maze of chemical reactions it would appear to
play some role mn the production of cerebral symptomatology
Theie 1s no assurance, however, that copper 1n atself 15 the cause
of cerebral changes nor 1s 1t possible to determine whether the
defect m copper wmetabolism 15 the prmary one or merely the
side effect of some more basic disturbance Cerebral symptoms
not mfrequently arise from defectne carbohy rate and porphynn
metabolsm, hoth of wiich are 1 a large measure dependent upon
the metabohsm of copper

At present 1t can onlv be stated that some disturbance of copper
eusts m certam hepatic diseases and that neurologieal disturh
ances have been noted m conditions with defectne copper
metabolism

Y

Iron Metabolism

jé¢ h f hep and portal eierhosis have
been known to be assocated with an elevated serum won (345
358) The cerebral changes m these conditions have been men
tioned aud the question 15 now raised as to the role of won
the development of these alterations

Iron 15 necessary for the funct of I T {339 and
cellular respuration both of which if semoush disturbed are

cells and on the other hand there 15 an increase m the serum
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won While distmetly abnormal the exact sigmificance of this 15
not clear and the question of an automntoxication wath iron has
been raised An elevated serum iron may effect cerebral metab
obism m several ways First by an mdurect effect upon copper with
which wron seems to have a reciprocal relationship (342) Both
elements are necessary for hematoposesis and cellular respiration
and cannot be functionally separated Secondly, an abnormahty
of ron may directly affect cellular resprration

The bram 1s dependent upon oxygen for 1ts existence and won
plays a very important part in the utilization of this substance
‘The mechamism of cellular respiration has been extensiy ely studied
by Warburg and Chnistian (360 363), Kethn and Hartree (364,
865), Himwich (366) Embden, Denticke, and Kraft (367), \eyer
hof (868), Con (369) and found to be controlled by iron, per
oxidase, catalase and cytochromes Of these, won and ¢y tochrome
are the most mmportant 1n so far as cerebral cellular respiration 15
concerned Not only 15 oxygen comveyed to the bram by the wron
i hemoglobm but upon its armval ats transfer 1s mediated from
hemoglobm to the cell by the action of iron Tlus transfer of ovy
gen 1s due to the capacity of elemental iron to tahe up oxygen
whereupon the molecule becomes trivalent and upon surrendet
g oxygen it 15 reduced to a brvalent substance Durmg this
process oxygen 1s transferred to the cell While this seems ssmple
enough 1t 1s much more complex and mvolies cytochrome,
cellular resprratory enzyme and which s basically a porphynn
compound with one atom of wron (370 372) It may be said here
m passing that won 15 present mn every cell and serves not only
m the tiansfer of oxygen but it also binds the comfspondmg
chromagen wlich 15 ¢l 1zed by a prophyrm structure The
chromagen of bone marrow 1s hemoglobrn, that of the muscle 15
myoglobm and of other tissues 15 cytochrome Cytochrome 1s an
won contaming enzyme which catalyzes the transfer of oaygen
to a utlizable form

Because cerchral respiration 1s dependent upon ox)gen 1t 15
not surpnsing ta find substantial quantities of won m the brzlﬂ
The Ingh concentration of won and copper m the globus palh 7:;
and putamen has been mentioned Spatz (373) and Ferron: (8




Posstbil $ ! and Concli 159

}

found the greatest concentration of irou i the substantia nsgra
and globus pallidus Lesser quantities are present m the dentate
nucleus, red nucleus and subthalanme body of Luys, while the
cortex, aniygdaloid nucleus and mammullary bodies coutam the
least amounts This distnbution of wron »s interesting and paraliels
the distribution of cytoch shich were d d n the
same areas and m the same refatve amounts by Ahuver (341)

Hyperferremia may cause cerebril symptoms and after the
mtroduction of Blaud's pills 1n 1832 wron powsonimg was common
In recent years more cases of 1won mtoxication have been noted
following the use of morganse sron salts Napuer (375), m 1936,
reported a case w which the patient secuis ed 468 grams of ferrous
sulphate and developed status epilepticus Birch and Il (376),
m 1931, reported a case of anaemua for which saccharated femce
oude contaumng 100 mulgrams of iron i 10 cubic centuneters
of vehicle was given mtravenously after which the patient de-
veloped headache, nausen, becume drowsy, stuporons, developed
focal serzures and elapsed into coma

Peterson {377), in 1952, noted an elevated serum won 1n 92 per
cent of hus cases of acute hepatiis This was considered an un
expected flading 1 view of the fact that the scrum won s de-
ressed 1n most mfections Peterson postulated several theones
to account for thus, namely, ncreased absorption of 1ron from the
i 1 tract, decreased utihzation of ixon for | lab
formation  decreased eacretion of won w the bile and blocked
won deposition m the lver due to milummation Kapping and
Schmoldt (378) noted that the serum tron was at its maumum con
centration during the acute stages of hepatits but could find no
correlatian with other hyer function tests

The relationship of hemachromatosis to Wilson s Duscase has
been mentioned  MeDougal and Adams 152) studied 29 cases of
hemochromatosis 10 of which died in hepatic coma They con
cluded that the bram was affected w this dease directhy by the
deposition of pigment and mdircetly by alterations of the paren
chyma and supporting tissues Two pigments ave found m the
Iver and bran 1 ) (379-381) 1Y derm an
organie compound of wron 15 the most abundant Hemofuchsu.
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won free, 1dentical with the pigment of atrophy and old age and
found m large quantities 1 the skin 15 2 melann precursor for
whose metabolism copper 1s necessary Ths 1s present 1 hemo
chromatotic hvers i smaller quantities Both are found m the
bran Bronzung due to hemofuchsin has been noted 1n the area
postrema (382) and choroid plexus of the fourth ventricle Hemo
siderm has been found in the area postrema, pitwtary stalk
hypothalamus, corpus Luys:, dentate nuclens and choroid plesus
of lateral and thurd ventncles (380) 1 hemochromatosis A pro
nounced hyperplasia of astrocytes was noted by VcDougal and
Adams (52) who related ghal and neuronal changes to hepatic
failure

Although hyperferrema exists in some hepatic diseases and n
itself 1s known to cause cerebral symptoms, 1t 15 not the sole cause
of cerebral alterations for the serum won 1s normal m obstructive
arrhosis

It 15 1mpossible to determme whether this abnormality of won
metabolism 1s a primary disorder or a defect secondary to some
other basic distutbance Pyndoxine defictency 15 swme 15 ac-
companed by an enormous deposition of ron m the hver (383)
Cartwrght (359) noted that a deficiency of cobalt cause a marhed
mcrease 1 the deposttion of on n the tissues and Herbut, Wat
son and Perkms (384) noted a sinilar effect mn the expenmental
production of drabetes with alloxan It 1s apparent that won plays
an important part mn cerebral function and disturbances i on
exist in many hepatic diseases Howeser, hike copper, the exact
role 15 obseure and further studies are mdicated

Amuno Acid Metabolism

The occurrence of ! 1n hepatic fEi was
first noted m 1914 by Chesney, Marshall and Rowntree (89) S
years later Stacdie and van Slyke (90) observed an merease
uitratable amno acids m hepatic coma and concluded that these
acids were formed by the autolyus of degenerating Iner and ;u:
mabihity to deamunate anuno acids Manu (385), 1927, armved a]‘
the same conclusion as a result of hepatie artery hgation m Ecl
fistuhized dogs It has been previously shown by van Slyke an
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Meyer (366) that orally admumstered ammo acids were quickly
transformed mto ammonsa and the mmportance of the hver as a
deammator was demonstrated by Bollman, Mann and Magath
(387) who demonstrated the mability of hepatectomized dogs to
deammate ammo acids It was also shown that approumately
80 per cent of the Iiser must be extupated or destroyed before
symptoms of hepatic msuffi appear The d nitro-
gen concentration of the plasma 1s 3 to 6 milhigrams per 100 cubie
centuneters and constitutes the equilibiium of amino acids ab-
sorbed from the intestines and supplemented Iy tissue protein
tractions The Iner 1s the chief site of de ammation, transamina-
tion and anudation a function which 1emains unaltered until about
90 per cent of the Iiver 15 functionally destroyed After absorption,
the amino acids serve as precursors or constituents of vitamins,
hormones, co-enzymes, detoxication products, tissue proteins and
enzyme systems

The excretion of ammo acids usually parallels the plasma Jevels
except 1t Wilson’s disease and mn the de Tom: Fancon: syndrome
Most of the ammo actds 1n the glomerular filtrate are reabsorbed
mn the tubules but are not all reabsorbed to the same degree The
essenbial amino acids are retaned preferentially Some amino acrds
compete with cach other for tubular reabsorption as cvidenced
by the loading of an mdividual with Iysine which mterferes with
the reabsorption of argimne Amino aciduria can result fiom high
blood levels and may occur in hepatic necrosis muscular airo-
phies, hyperthyroidism, bums and ¢ t It can also
anse from renal tubular failuze as a result of nephrosis, allergic
states, Jupus, pituitary disease and the de Ton Fancom syndrome
and lastly 1t can occur without renal lesions and in face of normal
blood levels as occurs m hepatolenticular degeneration and cysti-
nuna

Protems, punnes, pyranudes cholme sphingosine as well as
amino acids constitute a pool from which the hutlding blocks of
protem synthesis are drawn and to which they are returncd
during the dismtegration of protems This provides a relatnelv
constant supply of such substances In severe hepatic discase the
Iner 15 unable to cope with its function of deammation and amno
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actds accumnulate and may spill nto the unne Dent and Walshe
{92}, 1 1951, showed abnormalitres 1n more than one ammo acid
m mild hver mjury and that the amount of ammnoaciduna
creased with the seventy of the huer damage In acute hepatic
faslure all ammo acids were ecreted m eacess and 1 chronic
hepatic diseases ¢y stne, beta ammmorsobutyric acid, and Instidme
were mereased

In hepatic coma, Walshe (61), Blass, Cochin and Durlach (358)
Schreter (389) and Dent and Walshe (92) have noted gross
ammoacidunia Sumlarly in hepatolenticular degeneration, Uzman
and Brown (91), Porter (248), Cooper, Eckhardt, Faloon and
Davidson {94), and Deverdier (93) observed elevations of ammo
acids m the blood and unne In most of these cases the hepatte
disease was faurly far advanced On the other hand Roman (93),
Greene (390), and \Murphy, Chalmers, Eckhardt and Davidson
(144) could find no elevation of ammo actds m their cases of
hepatic coma

Walshe (61) mvestigated 18 cases of hepatic coma and noted
an abnormal pattern of amimno acid excretion m all cases despite
normal blood levels He concluded that the neurological mvohe
ment was due to a breakdown m the mechanism of regulation and
liberation of potentially toxc amounts of certam amino acids It
has been shown that some amino acids are more toxic than others
An excess of cystine was shown by Earle and Victor (391), n 1942
to result 1 hemorrhagic necrosis of the hver Morehead, Fishman
and Artom (392) found tubular neerosts of the Ludney from excess
of senme The mtravenous adminstration of protem hydrolysates
hav e been known to cause comvulsions, vomiting and pan Glycine
and alanine were shown by Mann (385), in 1927, to be toxic to
Eck fistulized dogs but not to normal ammals Diets deficient i
sulfur amwo acids and tocopherols will cause hepatic necrosis
which 15 accompamed bv a nise 1n the blood glutathone and m
ammoaciduria

Glatamie acid 15 a more important anuno acid m cerebral
metabolism than the others and mdeed the concentration of this
substance 1n the bram 1s higher than mn any other organ (299, 393,
394) Tlus 1s charactenstic of the unmyelmated as well as the
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spectively by Blass Coctun and Durlach (388) In the same cases
alanme and glutamme were elevted i the sera

Glutamme aeid 15 converted to alpha keto glutanc acid by oxida
tion and deammation The latter 15 readly comverted to pyrac
acid Walshe feels that m the event of an mterference m the equa
tion

Glutamie acid == alpha Leto glutanc acid = pyruvic acd

by virtue of a reduced avarlabihity of alpha keto glutaic acid ATP
{adenosme triphosphate) 1s needed to carry out this equation and
this results m a disruption of the carbohydrate cycle Glutammne
was elevated m the spmal flud in all cases of hepatic coma re
ported by Walshe

In the hight of our present knowledge of amino acid metabolism
1t 15 difficult to assess the rale of indrvidual amino acxds Vany of
the amino acids are elevated m hepatic diseases of all vaneties
Emphasis seems to be placed on the glutame actd and upon
methionine n so far as the cerebral changes are concemned at
this tume The exact action of excess acids on the bran 1s not
known and several possibilities have been mentioned among
which are (1) that glutanuc acid m excess disturbs the normal
equihtbrium viath ammonia so that the latter accumulates {2) that
methiontme mhnbits the actn ity of glutamme and prevents it from
removing ammonta (3) that glutamine 1 excess disrupts the car
bohydrate cycle and that neurological manifestations are due to
the Iatter phenomena "

Tt will be noted later that the ammo acids are constituents o
the cytochromes A B and C and the disruption of the function
of this substance by excesses or deficrencies of ammo acids 15 2
possibility that has not been explored

Carbohydrate Metabohsm

Hvpogly caemr once postulated as the cause of cerebrzg m:u;lr
festations 1n hepatic discase does not occur Low bloo su‘tl;m
values were not found mn any of the 82 cases presented ll
thesis nor m the cases reported by Walshe (81) and Murphy
Chalmers Eckhardt and Davidson (144) The coma of hepatic 1t



I’a.mb,hne:, sz‘culalmn: and Cancluuan: 163

suﬁic:ency does nop Tespond ¢, Blucose nfusiong and i thys Tespect

ke
it differg from g, of the hepatectomlzcd dog Iuch exlubits 5
&

Temarkgpl, Tesponse ¢, Parentery] 8lucose Hyp T8l caemyy may
¢ found Y senes of } epatie discaseg SPectally ¢ hemo.
chmmatous S melydeq, but ¢, ne ! 5y MS are pop

Y€ 1o thig a}

Desp:te this, hoy ey er, abnummlmes of c.zrboh) drate Metaho.
Tsm gre Anoy 0 o hepatie disease uch de, s are nog
due tg ), ACCSS or dofiey Y of gly Per se by rather, ar

ue to ¢h, Proper utihzation and bregp g, [ boh}dmtc
n the by, IS mqy ceted by a ‘ariety of IS, some of
which p, 1SCusse > defee 1 copper, ron anyg ammg

acid Metabolygy, In nddumn, the metabofyn, of Jucose 15 de
Pendent upoy zymes many of which are Mammg, the mapy,.
h, the }

ted the !ollowmg defects ,, Carbohy dryp,
se

1 Inadequate mamlenance of bloog Slucose
2) Slow clearynee of €A0genoys Slucose
(3) \Llq abet;o bpe glucose Curye

ficienc,

Tom g Study of tissye shiceg Warburg (361, 362) dunonstmud
the ligh degree of ANaerop, 8heogys that occurs m the bram

Crived frop, the high

1 additioy

Adem e and cncﬂrboxslase, e Decessgry, for

8lucoye (400) All thyee contay Vitamyy, substan eg m(-utmanude,

adeny ;o acd, apg thuamye All isgyog CSpectally o Iner, storg

dlphoxphulhlamme where ¢ tan be dophmplmr\htc and free
2t

\Vl"mms and Bisseny (401) delnunstm((-d and Mparred ocar.

"M [age [onn.mun from thiagyye m ey disease Snell ang Buet
the

€ 2 r
admnmtmhon of 8lucose, Macin a9 Hramypq They Postulateq
2t hepate OM2 wag (he result of 4, abnorm,y carbob drage



15 L.ver Breaa Brlztemid oy

utihzation related to dercences m sitamm B

D)phosphathmmme »as shown by Peters 1302, 1 1856 to be
nccessary for the ondation of pryinsate i the bran and m tha
sume-deficent states the amount of diphosphothiamine 1 the
tussucs 15 markedly decreased. Amatuzio and Neshutt (95) my este
gated pyrn ate metabolism and found it elevated 1 hepatic coma,
Thev behesed the Inver faded to take up pyruvic aad to form the
dicarboxyhic acids necessan for the hreb’s cvele and hence 2
defect macrobie carhohvdrate metabolsm existed m hepatie
discasc

Ihe dfect of the blood constituents upon the uptake of glucose
was studicd by Geiger, Magnes, Tavlor, and Veralh (403} By per
fusion of an 1solated bramn wath blood which had been previoush
passed through an ssolated Iner 1t was shown that the uptake of
glucose from the blood fluctuated, despite a constant O concen
tration and cerchral blood flow 1t was further shown that i deep
nucosss or after anoxia the glucose uptake became steady and
constmt Irom this it secmed apparent that the tmnsferofg]uw&f;
W anterruptad but was restored promptly by the ﬂdd’“"“‘;
hash hver eatract Improvement of a lesser degree was obtae
by the ddition of whole blood Aside from the apphcation here
o ghcose 1t s (quite possible that a smular relationship ex‘li':
which govany the uptahe of other substances by the bmuLL
must not 1ssume that ech substance 15 mdependent and ta ES"
up by the bi un mespective nd mdependent of other subSSD::

Although v et many facts e hnown about cereﬁ;wmt
hep atic cabohy ds e met ibolsms so many details are lachg

a 7 I
provides s atilizble form of fucl for cellular consumption

Proplvim Mctabolism o
entiont
e v cton of wim uy coproporphvrn has been mi '

! JU PO LU Ul L wasts
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comelation was found between the extent of the cierhosis and the
clmrcal features of the discase, i generl the more mortbund the
paticnt the gretter the evcretion of coproporphyrn In all m
stances where mental disturbances were observed the ur 1
coproporphynin eacretion was elevated Simslar cloyation
coproporphyrin excretion were found i infectious hepatit
obstructive jaundice In the former mstance the tvpe I

was ncreased whereas m the latter, the type HI somer v

vated Nesbitt (187) studied the daily unnary copiope ol
exeretion 10 4 patients 1 acute hepatic msufficiency watlicp s «
newrologic symptoms ranging from mild disortentation to trank
psychoses and coma Prior to and dunng cach episode of acute

usufficiency the excretion of coproporphynn decrcased onlv to
B 1

mse agam when logical symptoms disapy
Acquired porphyna has long been known to have neurological
f evident clinically and puthologically Baher and

Watson (404) reported on the pathological changes 1 acute
porphynia which 1n general were quite siilar to thosc observed
m hepatic disease Porphyrn compounds are readily wdentified
by a charactenstic fuorescence and absorption spectrum Studs
of the bramn of a recent case of wcute porphynia wlich remained
u coma for 10 days showed the presence of porphyrns mn the
suth nerve optic nerve hy pothalamus and scattered arcas of
cortex, cerebellum and bram stem and demjclination was noted
m the sixth nene It 1s evident from this that some forms of
porphyrn are toxic” to the nervous systent This may be due to
the mhibutory effect of porphyrns on cellular respiration

On the other hand Rluver (341) has shown the prescnce of
Paturally occurming porphyrins 10 the central nervous system
He found the emission spectrum of porphyrns n the winte matter,
optic fifth, seventh and exghth crunal nerves Porphyrin com
pounds were not found w the third fourth and suth cramal
nernves basal gangli or cortex

Aluver (341) also found that th
parallels the myelin wnd he state
tion of the deycloping nervous sis!
Bressne ascending porph rumzation

 porphsrn content of the bram
d that the progressne myelina
tem 1s accompamed by a pro-
The exact location and
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function of porphyiins ;m the formation and metabolism of Iipds
35 unknown but there 1s good evidence for the exmstence of some
relationship

The porphynn rng s the basic structure of most of the body
chromogens including hemoglobm, myoglobm, bilwubm, and
cytochrome (372) The latter 15 a respuratory enzyme present
the bram and Ins er and closely related to porphyrins The armange
ment of the side chams on the porphyrn nucleus of cytochrome
1 wdentical with protoporphynn and hemoglobm  Cjtochrome
m addition to having a basic porphynin structure 15 composed of
18 different amino acids, 6 atoms of sulfur and one of won In
the general scheme of cellular respiration the action of eytochrose
C 15 due m part to the presence of won but prunanly 1t 1s con
sidered as an electron carner Nerve cells are nich n cytochrome
C but none 15 found i the white matter The parallel distrabution
of won and cytochrome in the bram has been mentioned The
absence of cytochrome 1n areas where porph)xms are present has
been observed, by Rluver (341) and 1s worthy of note The
substantia mugra and cerebral cortex are parhcularly nch m
cytochrome C The cytochrome oxidase system catalyzes the
greatest part of the oxygen utihized 1n cerebral metabohsm and
the absence of cytochrame of 1ts omdase, cellular oudation s at
a ymmmum_Cytochrome does not appear i the embryo (405)
which 15 1n hne with the low cerebral oxygen uptake at tins time
of development

In hepatectomized rats the ¢y tochrame 1s Jow and regenerating
hepatic cells are accompanted by a rise m liver cytochrome (372,
408) The toxic effect of cyamdes and carbon monoade on cere
bra} funchions 1s due prnmanly to the mhibitory action of these
substances on the actnity of cytocrome and this has been amply
Hustrated by Warburg (407) who noted that the absorption spec
trum of ferncy tochrome was completely abolished by cyamde and
carbon monoxide

Porphynn synthes:s 1s related to copper metabolism and Lem
berg and Legge (372) have noted an accelerabion of porphynn
synthesis m the presence of copper The chemistry of the por
phyrin molecule suggests that this compound should have 2
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m the cerebral ipids m a wide vanety of neurological diseases
Crandall and Cherry (413) and Weil and Cleveland {414) noted
a hipase 1n the sera of patients wath multiple sclerosts

Lipid metabolism, to a great eatent, 1s controlled by the ver
This organ regulates the equilibrium between cholesterol and s
esters and 1t 15 the sole source of body phospholipids wluch make
up part of the myelin, mitochondna and cellular membranes In
hepatic disease the total serum lipids are generally increased (415,
416) but Iipid fractions may be decreased Nova (417) 1n a study of
21 cases of curhosis noted an increase m cercbrosides and a
decrease m phospholipids durng the advanced stages of the dis
case Man, Kartin, Durlacher and Peters (418) found an elevation
of the total serum chol I and phospholipid m obstructne
airthosss but m portal cirhosis and infectious hepatitis, they were
reduced

Pierce and Gofman (419) by means of ulira centrnfugation
showed greatly clevated blood levels of the Sf 10 20 class Iipo-
protems suggesting a disturbance of hpoprotemn metabolism m
acute parenchymal hiver disease

Cholme deficient diets are known to cause a disturbance of
fat metabolism with an filtration of fat into the Iver Jervis (420)

' - 4 1 &
hpid or cerebroside content of the bram of ammals on this det

From such reports 1t appears that hepatic disease 1s accom-
pamed by disturbances in fat metaboltsm but the nature of the
mpact of this upon cerebral function remams unknown The
mportance of phospholiptds is emphasized, however, by drawing
attention to the fact that the energy required to oxidize glucose
within the bran 15 supphed by phosphate esters partrcularly

3 tnphosphate and phosphocreatine

Demyehnation 1s a disturbance of hprd metabolism which oc-
curs m many conditions 1n addition to hepatic diseases VMany
substances are capable of mnducing this response n the nervous
system and melnde copper, cyamdes, carbon monoude, mitrous
oude, ether, carbon dioude, chloroform, arsenie, barbiturates and
bile salts, toxins, viruses and antisera, and avitaminosis B (22




425 W of these Clretsg theyy chief Mage on thy basay
Sangha o o Hurg (H22) ¢, lesio, 10 differeny
Tom g, Produceq |, Bation of yp, large 1, sal bry,

%

Utenes Sodam mxroclmlate and Sodwum gly Cocholate constyty

N5 of hye salts 1 additio, ¢, beng hemol) SIS are gl M eling.
¥sins ang Caugg demy chnation (428)

Mentioy, has hee, made of the Ragher Ipid tumoy ¢ Tate of

t 10 15

he dmclol g b o, Rpared vy, that of he adygy brun 1,
Proce; B ehinaty,, tima Y Telated 4, €1 consyy p-
tion sine, 2s he shoun by Perry ang Waclsep, (427) 2
the dc\e)opm AN exhybyg 2 Mked o, Tease 8en cop
Sumption Whieh ¢gy C terminate, of my Ination o thap
e a 2t by th 93 oen cong Dlon of },,
Dfant ope Myehnate, sidered 1, a1 ovidaty, o mech,

In the adult bram glocose 15 Metabolizeg 10 Py e and aeety
aeids gl lattey bumneg througlz the mcarbo“ he Scle ¢ Carbon
T ncy

oude g T wath g, clease 8 (428) In g,
O\tdaioy 1 nd Iy, 5T amoyyyy of Aaily
ble Which qre the bmldm,, Stonies of £, Y acuds apgq holestergy

lock thod o, ‘P sypp, or n
Ktic g felt to 4y, the cqy, dcnnclmal b s, Ty
wnd W) h (4,

CCays e mulnphm() of dcm) chnag, '8 agents ¢ 5 g
Darent g,y il hro, gha Single meg), 0 e, 18 probap,
Mmaye its fing, Malisis g, Selination S 10t soof, chay
hensye of ip 156 hut iy, e s lmngcsmc)xclm
@l ang $2ITIS RUCTTTN whieh e capahle of Cusg

ng,
dems natyop

Bilirypy,

The Senyp iy, "33 eleyareg 8 alt of 410 cases Dresenteg
" Chapter y g ol dz‘\clopc(l hepaye OmT It yag Mentioneg
that ¢p, serum bihiyp,,, Merc)y reflecteg tre Cxtent of hepage
d tnage Hoyoy, b:hmbm M3V play o Much &reater rop, u the
Producyy, rehray SViptogg than 4), ¢ Biltrahyg i demog
from h(\moqlobm which ¢ degy wded gy, Progress;y o loss of globuny
and forn hlongde so thyr e ,m)loporph\ nn “OMpound y



172 Luwer Brain Relationships

left This latter compound when converted to a strayght chan s
bibrubin a substance having a molecular weight of 600 and four
pyzrol tngs (118, 872) It has a great affmty for serum albumm
and globulin and 1s probably conveyed m the blood stream by this
means The chief function of the Iner m this regard is the excre
tion of biirubin and 11 the presence of parenchymal fatluse or
duct obstruction the level of tus nses i the blood stream The
effect of bilirubm upon the brun 1s not known, but 1t appears m
the spinal lmd when the serum bibrubm 1s elevated over an
extended ime

Accordmg to Duthn (429) the mfant bram 15 more permesble
and modified bile pigments may be observed in the mfant bram
or anoxic adult brams When nuclear masses of the bramn are
staned with bilirubm the condition 1s known as Lerncterus, nrot
all of which are assocrated with erythroblastosis foetalis Hyper
bilirut 1s one prereq for Ler although the
other factors are not clearly understood The effect of bilirubmn on
the blood bramn bamier has been mentioned

Hormones

The role of hormones m hepatie dysfunction 1s not clear but
spider naevi and disturbances m flwd balance are mdications of
an abnormality of hormone metabolism (323 329, 325) Mark (329)
demonstrated 2 dissocration between cirthosis and adrenal corth
cal function manfest by low urinary excretion of 17 heto sterords
and ligh cortin excretion The relation of these factors to the
function of the bramn has never been studied although this may be
advisable 1n view of the reported effects of cortisone, ACTH and
other hormone-hke substances on the nersous system and lver
The recent observation of elevated unnary aldosterone 1 exzhosts
provokes the question as to the role of this substance as a factor
1n the cerebral symptomatology (430)

Vitanun £
Vitamun E is a substance which exerts a considerable effect
on nerte hissue and whose metabolism 1s altered 1 hepatic disease
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Bide salts

Carey (436) has recently made a study of bile salts and noted
an ncreased serum concentration m hepatic disease In a study
of 70 jaundiced patients, 12 of whom had severe Iver damage,
the ratio between the tnhydroxy and dihydroxy bile acids was
less than one, due mostly to a five fold mcrease i the latter type
Chuefly because of therr physcal properties the bile salts have
been shown to mhubit vanous enzyme systems Hockenhull (437)
demonstrated a dummished O; uptake due to mhibition of sue-
cme dehydrogenase Ashmore and Nesbett (435) showed that
bile acids greatly mfluence the actwity of glucose 6-phosphatase
which catalyzes glucose 6 phosphate to glucose The reaction
may be one of mhbition or activation depending upon the
substrate and the authors suggest that one substance therefore
can regulate the whole enzymatic system High concentrations of
bile acids sufficient to dissolve the cell nucrosomes will result in
loss of enzyme actnaty Mann (439) has shown an mhbiton of
ATPase actvity by bile and bile salts The hydrolysis of glycerol
phosp} and } phosp} by alkaline phosphatase 1s m-
lubited by bile acids aecording to Takata (440) Evidence also
exists for the disturbance of cytochrome osidase as reported by
Eichel, Wainio, and Person (441) The role of hile salts m adng
the penetration of the BBB has been mentioned m an earher
paragraph The bile salt and acids have previonsly been dismussed
by most miestigators as a factor i bran-lver relationships 1t
would seem that some reconsideration of the sole of the bile as a
factor n the production of symptoms 1s necessary

Vitamm B:.

Vitammn Bs: has been shown by Gyorgy (431), MeCormach ad
Drilf (442) to exert a beneficial effect on eaper tally prodHCPd
crrrhosts and 1t 1s a hipotropic agent which will defat a fatty bner
Aletander and Backlar (443) have recently related this substance
to the genesis of mbonucleoprotems A’ thity fold merease 12
vitamin B, serum levels i coma has been demonstrated by Jones
and Mills (444) The sigmficance of these facts 15 not knows
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vanced so far attests to the Jarge number of possibiliies In the
final analysis, one might say with relatne impunity that the cell
dies because of some mnterference with 1ts oxygen supply In
numerable chemical reactions occur between the mittal and the
termmal stages of oxygen lach It would seem that enzymatic
dysfunction would be most likely the cause of the cerebral change

SUMMARY AND CONCLUSIONS

A chimcal analysss of 42 patients with hepatic disease and coma,
of 40 patients with hepatic disease without coma, a chmcal classifi
cation, and a discussion of some of the relationships that est
between the Iver and bram have been presented m this mono
graph These studies have ind i that a polybioch 1
hepatic disturbance underwnites the polysystemuc cerebral m
volvement 1 hepatic coma and lesser degrees of bran dysfunc
tion It would seem, therefore, that no single substance can be
menmnated as the cause of the cerebral alterations This 1s the
cluef conclusion to be drawn from this study We must, therefore,
devote our energres to a study of the effects of combimations of
abnormalities rather than pursue hopelessly, one substance It 1
to be hoped that this monograph will signal the termmation to the
era of ight microscopy, and clinical correlative studies that have
plagued this relationship for decades The future now demands
ntensive bioch I study of enzymes, metallo chro
mogens, biirubins, cytochromes and metals New er hiver function
studies are needed as well as better tests of bram dysfunction
Further pursuance of correlatve studies employmng current hiver
and bram tests, symptoms and signs 15 futile and let us bury 1g
nommously the arguments that have existed over the pathological
changes observed mn the bram for hfe can scarcely be studied
through an appraisal of the dead

Let us brng mto this relationship new 1deas, new mstruments
new techmques and new measurements so that we may have
within the next 10 years the answers, which have eluded us for

the past 100 years
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