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PREFACE

This volume 1s made up of a series of authomtative discussions of topics of
current chinical and pathologic importance  The subjects have been chosen
because iformation 1s bemng added about them The authors in each instance
have contnbuted 1n 2 considerable degree to the understanding of the problem
While the majonty of thesc authors are grouped as pathologists each has an
adequate appreciation of the chinical importance of tissue changes as the titles
demonstrate  This volume will reinforce the statement of the late W G Mac
Callum that the chmeal sciences and pathology are simphy dafferent aspects of
the one problem

1 or some time a volume of authontative discusstons has been necded  The
scientific Journals multiply and portions of pertinent and important information
are scattered here and there  The abstract volumes do not fuse the data from
the different articles into 2 satisfactory amalgam The newer matenal when 1t
appears n a textbook 1s buried 1n the volume and 1s referred to in the preface as

Since the last edition the following new features have been added ' Because
of thts situation mportant advances may fail to reach the attention of some
doctors

1he present volume should serve doctors 1n ali of the different disciplines who
are interested 1 obtaiming significant recent contnbutions 1n a summary form
The range of titles of the vanous articles indicates that the great majonty of
doctors will find individual subjects in which they are interested and much
nformation which will be of value to them in their daily work That 1s the aim
of pathology

The laboratory doctor will find recent methods reviewed and evaluated ag
well as pertinent concepts of disease simportant to them

J I A McManus MD

CHARLOTTLSVILLE  \ IRGINIA

(3)
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Chnpter
1

RECENT ADVANCI S IN PARENTERAL NUTRITION WITH
PARTICULAR REFERENCE TO PROTEIN HY DROLYSATES

By Part R Canvon, M D

Avtroucn the therapeutic usefulness of <olutions of glucose, salts and vita
muns as parenteral nutnents has long becn recognmized, a lihe recogmtion has not
been accorded the protun hydrolysates In fact this recent contnbution to
parenteral nutrition 15 still looked upon by many physicians and surgeons with
caution and some scepticism  Furthermore many seem to believe that the loss
of tissue mitrogen accompanying acute proten defiacncy s of httle metabolic
concern in cormpanson with the loss of water, glycogen salts or vitamms Tt s
obuious, nevertheless that the metabohc debt resulting from the catabohsm of
tissue protein must eventually be repaxd whether it be with reference to muscle
enzvme systems blood plasma or hemoglobin and that the penalty of nonpas -
ment may be mamfested during convalescence in terms of an extended period of
asthenia and a delay in the restoration of tissues to thewr former structural and
function 1l integnity

Complacency with respect to the problems of tissue protein depletion seems
all the more unfortunate when one takes into account the mamy pathologic
consequences of a severe loss of important mtracellular constituents madent to
a prolonged period of negative nitrogen balance  Moreover, there 15 no longer
.o much justification for the overly cautious use of protein hvdrolysates now that
the hazards of antigemicity and pyrogencity have been greatly reduced the
toac reactions largely ehmnated by the use of disposable tubing, and the cost
matenally lowered This favorable autlaok should niot be taken to mean, how
ever, that all obstacles n the field of parentera) nutntion have been triumphantly
overcome ou the contrary this discussion will deal mamnly with a number of
problems still awaiting solution

One of the oldest and most perplexing of these centers around the question of

the nature of the so called towc destruction of proten, or the catabolic
phase as 1t 1s now more usually called In summanzing much of the evidence
dealing with this subject Peters has emphasized the fact that i a varietv of
diseases the extravagant expenditure of tissue protem 1s so marked that despite
large food intakes negative mtrogen balances cannot be prevented and mn patients
with fractures Cuthbertson Boward Browne and others have demonstrated
the extraordmary porsistence of negative mitrogen balances for long penods
desprte hugh calonc and protemn intakes  Grossman and associates have al.o
reported mnstances of acute mfection such as acute EnINEIIS, OF VIrts prieq

(s)



6 RECENT ADVANCES IN PARENTFRAL NUTRITION

monsa, in previously healthy subjects m which negative mitrogen balances were
not perceptibly mfluenced by ncreases i the protemn content of the diet It 1s
apparent, therefore, that 1n healthy subjects acute infections and mjurnes mav
often lead to a loss of tissue nitrogen which seemungly cannot be counteracted
by any known dretary means In contrast, malnourished subjects can utilize pro
ten for reconstructive purposes surprisingly well It appeirs therefore that
many mstances the maintenance of a positrie nitrogen balance after trauma or
nfection depends to a large degree on the nutntional state of the subject How
ever, until more 1s known as to the most destrable dietetic management of such
patients Peters has advised a liberal protein intake since this entails no obvious
deleterious effects and 1n consequence 1s preferable to protein {rmitation at the
possible expense of delaved rehabilitation, and particularh m the debilitated
subject there 1s good reason to feed a high proten and high calorie det throughout
the recovery pertod
Werner and his assoctates on the other hand have challenged the concept of
catabolic injury and have pomnted out that studies too often hasve failed to differ
entiate between the Joss of mitrogen due to actual trauma and that due to a
change n food intake m relation to the mjury  In short they suggested that the
loss of nitrogen may be related more to an madcquate caloric mtale than to the
surgical procedure  Iever according to them may also exaggerate the calonc
necds and 1if the latter are not allowed for mitrogen loss will necessanly follow
Thus infection even if at times mapparent may elevate caloric needs and account
for some mstances of so called catabolic Joss of mtrogen  Riegel and associates
n emphasizing the cxtreme vaniations m mirogen excretion in surgical patients
with approvimately similar mitrogen and caloric mtakes have attributed these
\anations 1 part to such factors as anesthesta extent of operation degree of
trauma previous nutritional hustory  degree of postoperative pyrevia and other
factors In any case they mamtan that the mntahe of nmitrogen customarily
rec led for normal subjects will not maintain surgical patients aiter opera
tion 1n a posttive mtrogen balance However they were able to keep most of
their patients n positive mitrogen balance during the early postoperateve period
(ive dave) by admmstering dailv by mouth or by Miller Abbott tube at Jeast
0 3 ram of nitrogen and 30 calonies per hilogram of bodv werght
In an cxpenmental studs of thus problem Madden has suggested that the
underlying mechanism of the catabolic phisc 1s an accelerated breakdown of
protewn tather than an interference with anabolism  lor example when he
injected radioactine methtomine mtrasenoushy to ether with an aduquate mixture
of all the other essential amino acids he observed i normal animals no mcreased
output of nitrogen ar sulphur  If however the same mIsturc was myceted into
ammals which had becn injured by the production of turpc)nhm abscesses there
was a marked excretion of both mitrogen and sulphur although tssuc analy ag
failed to ey eal any difference 1 radioactivity in the two groups of amumals [ hig
evidently means that mcthionine was built up nte nssfuchpnt m even after
from the abscess and that although utihzation of the amino acids was
travma he abscess some benefits were obtamned from thar
hampered somew b ; " that even though 1t may be difhcult and at imes
wse It 1s probable therefore derable loss of body mitrogen following, trauma
g i o reent 8 camssle o o b USRS [T Sk
won
f::]::'t:cctll‘\z] [:'ucmscs of rehabilitanion despite the fact that preponderant ¢y
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dence points to a severe alteration of the normal processes of protein metabolism
Lhus Man ¢ al have reported an abrupt fall 1n the concentration of a ammno
acids i the plasma and 2 tendency for them to remaim at low levels until vecovery
1s well along  The estent of the fall seems to be directly proportional to the
severity of the operatse procedure  These findings are 1n agreement with the
views of others (Cuthbertson, Howard Browne) that the seventy of the catabolic
process 15 related to the intensity of the causative factor and the response of
the host
It has been suggested that the adrenal cortex and the pituitany gland mav
excrt control over these catabolic processes but expenimental evidence at least
with respect to the adrenal does not scem to support this point of view  For
example Ingle and associates 1n a studs of fractures i adult rats reported that
“the negative mtrogen balance which charactenstically develops following
fracture may Tequire the presence of the adrenal cortical hormones but 1s not
caused speafically by the increase in secretion of cortical hormones which occurs
dunng stress  Noble and Toby, 1n a somewhat simular study came to similar
conclusions 11~ that catabolism after trauma occurs mdependently of the adrenal
cortex ¥
Astde from the question of increased caloric need there is a possibility that a
more ntensified use of essential amino acids, salts or vitamins may help further
to reduce the catabolic loss of mtrogen Tor example, Emerson and Binkley,
In treating patients with penetrating chest wounds found that dietary supple
mentation by intravenous feeding of a mxture of ten essential amino acids m
creased the degree of utilization of mtrogen to as much as 2 or 3 tumes the total
increase 1n mitrogen take Thev suggested m explanation that regeneration
of damaged tissue may take precedence over and at the expense of metabolism
of normal tissue thus requinng additional essential ammo aads if “rarding  of
other tissues 1s to be prevented This pomnt of view comcides essentially with
that of Croft and Peters with respect to the value of methionine supplementation
in the treatment of burns It 15 possible therefote, that a more intenswve use
of protem hydrolysates may have a similarly beneficial effect
Granted the possibility of preventing or mimmizing the postoperative or post
traumatic loss of tissue mitrogen what additional evidence may be cited indi
cating a need for a more general use of parenteral alimentation® In the first
place the assumption seems warranted that in general neither a lack of appetite
nor an mability to retan food justifies the conclusion that an adequate food
mtake 15 not desirable On the contrary accumulating evidence mndicates that
the processes of protem metabolism are so dynamic that even under optimal
nutritional conditions the daily loss of protein 1n an average adult approximates
25 grams a loss which must be replaced each day 1f mtrogen equilibrium 1s to
be mamntamed  Ths daily requirement for dietary protein aperates continuously
and represents the mevitable and steady erosion of the bocily machinery and
masmuch as this mtrogen comes from cellular protoplasm 1ts dailv replacement
would seem to be a metabolic necessity T urthermare because many poor rish
surgical patients are unable to retam food by mouth or to eat 1t m adequate
amounts realimentation should improve their nutntional status and thus pre
pare them for the ordeal of major surgery In operations on the colon or stomach
‘]\t [\lsr ‘a;i\v\sable to have the gastrointestmal tract as empty as possible and Duncan
ch and Howard have shown that after itravenous alimentation the n
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testiral tract 15 empty and in good condition for surgical manipulation  Post
operatinely, also the tendency to gaseous distention, nausea and vomiting carries
with 1t the hazards of asprratne pneumoniz, wound disruption uleeratne
esophagitts etc  Moreover 1if good nutrition 1s mamtamed both before and after
operation there 15 a better chance for early ambulation, less postoperative as
themia, less tendency to urmnary retention and better wound healing It 1s because
of the considerable amount of vormiting drarrhea or distention which may occur
1 the early postoperative period that Riegel ef al suggested the particular nutr
tne value of intravenous feeding in the first forty eight to seventy two hours
after operation
In this discussion an effort will be made to adhere so far as possible to the
prnaple that nutniment should be grven parenterally only when 1t cannot or
should not be grven by mouth, whether because 1t cannot be ingested 1n adeguate
amounts ot because of contraindications to its use i that way  There are numer
ous situations 1n which these principles apply 2z 1 obstructive lesions of the
gastromtestinal tract, such as cancers intestinal obstructions intestinal fistulas,
gun shot wounds of the abdomen ulcerative colitis, regional ententis, perforated
peptic ulcer, penitonitis and following gastrectomy or esophagectomy, as well as
mm such dnerse conditions as coma memngitis, bram tumor, shull fracture,
dementia unconsciousness ete  In any case parenteral ahmentation should be
looked upon as a temporary expedient to be resorted to only until the patient
15 agam able to tahe food by mouth 1n adequate amounts There may be par
trcular urgency now also 1in the possibility that muhtary eugencies mav soon
requue parenteral alimentation in patients who are unable to take nourishment
by mouth and for whom adequate amounts of blood or plasma may not be avail
able at least for prolonged use
Tt 1s rather widely assumed at the present time that if blood plasma 1s readily
avatlable there 15 little reason to be concerned about the use of protem hy droly
sates This assumption 1s due 1 part to the emphasis upon the importance of
plasma protem concentration  This emphasts however has also tended to
obscure the fact that hypeproteincmia 1s an ffect of protein deficiency and not
a cause [n consequence the intravenous mnjcction of plasma may give a false
sense of sceunity if one regards plasma protein concentration as a primary prob
km For example Weech Gocttsch and Reeves reported that less than > per
cent of the mtrogen lost by dogs on a low protem dict could be accounted for
by the dechine 3n total circulating serum albumin  Sachar and associates also
obsers ed 1n dogs that i protan depletion approximately 30 grams of body protan
were Jost for cach gram of plasma proten and that for repletion about 30 Lrams
of protem were required for the body tissues for every gram of plasma protein
Obvioush plasma pretein concentration cannot fal to increase whenever collods
such as plasma or serum albumin are njected mto the blood stream m amounts
large enough 1o causc them to accumulate at a faster rate than l)ll(.\ ;‘an be de
graded and utilized The basic problem remains however nn(;nc y the guneral
tssue protein defiot and the correction of this deficst mlor cr to re(sl:bllsh
effectine functiomag of the cclls which synthesize enzymes afsm]:x protun hcmo
lobin etc Admitting the unquestioned therapeutic value of plasma proten as
g motsc agent promoting restoration of blood volume 1ts use s a means of
?:o;’ungﬁl nutriment presents drsadvantages which must be carcfully evaluated
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A fact too often underemphasized 1s that plasma is an expensive commodity
which 15 economically unavailable to most persons except in times of great
catastrophe and 1ts associated large scale blood donations  To rely upon free
blood plasma 1 ordinary times is to raise the related question Why should
plasma be free while other medical stems must be paid for> But 1f plasma 1s
purchased a liter wall usuatly require 1 donors for each 2 liters of blood (Elman)
At customary rates this may cost $70 or more For example, a recent quotation
on lyophilized and irradiated plasma supphed by the American Hospital Supply
Corporation hsted the matenal at $36 per 500 ce  If the demand should become
excessive 1t 15 doubtful moreover that 1t could continue to be supplied at this
rate, 1f at all A liter of such plasma contains approximatels 60 to 70 grams of
protemn Thus the cost of its protemn would amount to more than one dollar
per gram and this amount of protem 1s the equivalent of about two thirds of a
pound of Jean meat costing not more than one cent a gram for the protein mat
Under such circumstances plasma protein would have to be a superior protein
indeed to justify paymg a hundred times or more the cost of meat protetn, pro
vided of course that the nutntive equivalent of the latter could be made avail
able 1n other ways Furthermore the problem of collection of large quantities
of plasma for use in times of disaster represents an expenditure of time and money
which would be justified only 1f this1s the one and only solution to the problem
of intravenous nutntion and if the hazards of homologous serum jaundice plasma
anemia tovic reactions costs of blood banks etc are also ignored But m
view of the not infrequently fatal consequences of homologous serum jaundice 1t
would seem unwise to take chances unless absolutely necessary  Thus Lipman,
1n commenting recently on a case of fatal virus hepatitis n an infant three months
of age remarhed that 1t would be wise to be aircumspect regarding the use of
plasma m mfants and children and for general supportive therapy to utilize
various protein hydrolysates instead of plasma ’ Finally unless plasma can
be given simultaneously with an adequate caloric mtake there 1s no reason to
suppose that 1ts protein will be anv more effectively utilized than 1s the case for
dietary proten m any other subcaloric state and to use plasma protein as a
source of calories under such arcumstances 1s to compound unjustifiably the
expense of this protein as a nutnent

Astde from these practical considerations what 1s the evidence that plasma
15 a desirable protein for mtravenous nutrition® Here we are at least on firmer
ground and certamly there can be no doubt about the fact that plasma protem
15 2 lugh quabty protem winch can be utihzed for hissue protem synthesis It1s
ndeed the main constituent of the circulating protein pool whose stigmficance has
been so well revealed by Whipple and his associates  Thus in 1934 Holman
AMahoney and Whipple showed that dogs fed only sugar by mouth could be mamn
taned m mtrogen balance by the ntravenous mjection of dog plasma In the
following year Pommerenhe e al confirmed this work and demonstrated that
the parenteral mjection of dog plasma nto a protemn fasting dog enabled the
ammal to stay 1 mtrogen equilibrium with no surplus ehmination of nitrogen
after the expeniments were ended They too concluded that plasma proten
can be utilized efficiently either to replace or to repair tissue protemn

These early findings have now been abundantly confirmed both m lower
ammalsand inman and Eckhardt and Davidson have demonstrated m a human
patient that an acid hydrolysate of human serum albumin reinforced wath 1
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tryptophan, ‘contained all the essential amino acids required by man for mamte
nance of mtrogen balance and weight and for tissue protemn repletion when
admimstered 1n adequate amounts by vein for short periods of time ' Iletcher
and associates also gave serum albumun remforced with dl acetyltryptophan
mtravenously to 11 surgical patients as the sole source of mtrogen and found that
3 rematned 1n nitrogen equiibrium and 8 m posttive mtrogen balance when the
albummn was admmstered under conditions of 0 2 grams of nitrogen per hilogram
of body weight and 25 calories per hilogram per day for five postoperatine days
n patients who had undergone major abdonmal surgery
There 1s evidence, however, that the utilization of homologous plasma 1s
relatn cly slow and that the degradation rate of injected plasma to an assimlable
form may proceed at a rate perhaps not faster than 10 per cent per day  (Yuile
et al) Terry and associates have shown, also that although they could keep
dogs 1 health and mtrogen balance for as long as three months with homologous
plasma as the only source of dietary mitrogen, the repeated daily njection of
such plasma lud eventually to a marhed hyperproteincma and, at a certain stage
to protemunia  Ividently the mjection of plasma at rates faster than 1t was
utilized led to 1ts retention and accumulation m the crreulating blood at mow ting
rates of concentration Echhardt and associates have obscrved a simlar effect
following the ntravenous injection of serum albumin into healthy young men
They concluded that the njected atbumn rapidly diffuses from the plasma mto
the Ivmphatic system and establishes an equilibrium between the vascular and
extravascular atburam  The albumun retaimed in the body undergoes a process
of degradation or decay 1n the course of which ammno acids are released for
cellular use  They argue that 1t 1s because of this slow rate of degradation that
albummn 15 an 1dcal substance for temporanly mcrcasing the plasma albumin
concentration and the oncotic pressure of the blood  The 50 per cent disap
pearance time  was estimated by them to be between four and six days Albrght
and associates have also reported that following the mtraxcnous administration
of plasma protan mto a normal individual  burming and conversion of the
protem did not start toan appreciable degree until at keast the third post injection
dav and that approamately 50 per cent of the mpcted plasma protan was
eventually burned and the remainder converted into tis uc protein
scveral studies m human subjects have also revealed hazards m the use of
homologous scrum albumin due to its effect upon blood volume and the slow ratc
of utilzation  Tor exampl, Gimbel Ricgel and Glenn found that the injcction
wto normal human subjects of human serum albumin supplemented with dl
acets Itry ptophan led to its accumulation 1 the plasma nterstitial fluid and
Jymph assocated later with albuminuna and that congestive heart fasture
developed m healthy young males reeaving as little as >0 grams of albumin
intravenoushy for one weeh  They concluded that  the phenomena of arcula
tory overloading serioushy hamper the usefulness of 2lbumin as nln;nn\n nal
supplement bevond ts well established salue 1n making up actual dedi 1]15 of
Hhumin 1t should be reemphasized however that protem depleted
scrum this fashion <o Jong as thty exiibnt the tissue
sersons appareatiy do not react in
! Iq Waterhouse and associates have also studied the utthzation of
protein deficits Wurun 1n human subjects with esscatiathy similar results
purted hum:n“T::::2]:<clng from rheumatic disease they observed the dovddop
::::: :‘r; 2“:::“:((:_ntc protemnuria without evidence of impatrment of renal function
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n a woman with probable generalized vascular discase there developed perpheral
edema, hydrothorax and pencardial ¢ffusion with poor utihzation of the mjected
protein, and 1n a young woman in fair health signs of cardorespiratory difficulty
appeared  They suggested, therciore that the utihzation of such matenal de
pends largely on its osmotic properties and 1ts slow rate of degradation so that
when 1t 15 given 1n large quantitics 1t accumulates and exerts 1ts osmotic effects
In gning it, therefore one must bear in mind the state of the capillaries in general
and that of the renal glomeruli n particular as well as the status of the cardiac
reserves The proteinuna 1s merely the expression of the exceeding of the maximal
absorptive capacities of the renal tubules rather than an evidence of renal mjury

The enumeration of these difficulties related to the use of human plasma or
serum albumuin merely brings into the foreground the metabolic problems which
may possibly be better solved by the use of other Linds of nitrogenous nutnment
Perhaps the ultimate solution of the problem will be found 1n the early and
cautious use of blood, plasma or albumin for their immediate cffects upon blood
volume followed by the usc of less expensive protemn hyvdrolvsates as the source
of amino acids for tissue needs until food can again be eaten

CALORIC DLFICIENCY IN RELATION TO
PROTEIN SYNTHESIS

The most serious obstacle to the more general employment of intravenous
alimentation 1s calonc deficiency, and unfortunately there 1s no practical way
now hnown of supplyng enough calories by the intravenous route to ensure
optimal utihization of injected amino acids for the purposes of tissue proten syn
thesis  Nevertheless the fact cannot be ignored that optimal synthesis can occur
only 1n the presence of an adequate calonc imtake  For example, 1n experiments
designed to ascertain the influence of caloric mtake upon tissue protein synthesis
m protemn depleted rats (Benditt 2 al ) groups of animals were fed diets in which
the total daily ingestion of protem was equal but the caloric mtake differed
Under such circumstances the capaaity of the amimals to form new tissue protein
vaned directly with caloncntake and at the lower levels of intake the utilization
of protein was minimal  Under similar cireumstances 1n a patient 1t 1s not hikely
that intravenously mnjected nitrogenous matenal can be utihzed optimally unless
there 1s an adequate intake of calones and the utilization of the mtrogenous
nutriment as fuel wall obviously divert 1t from 1ts pnimary purpose, namely, to
supply tissue building matenial

It has been suggested that the need for exogenous calortes may not be so urgent
as 18 commonly assumed because of the utihzation of body fat as a source of
reserve calories  Rice has suggested however that we have been gults of
soothing our minds in thisrespect  In view of the lack of evidence substantiating
the ready utihzability of such a source of calories 1t would seem to be unwise to
rely upon this source of energy at least until more proof 1s at hand that body
fat can be utilized at rates commensurate with the dynamic requirements of
protein metabolism  Indeed Pareira Probstemn and Somogvl even argue aganst
the employment of parenteral hydrolysate therapy 1n subcaloric states both
because the body 15 forced to use the amino acids as fuel with hittle opportunity
to convert them into plasma or tissue protemns and because the liberation of
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tryptophan, ‘contamed all the essential amino acids required by man for mamte
nance of mirogen balance and weight and for tissue protemn repletion, when
admmmistered 1 adequate amounts by vein for short periods of time ’  Fletcher
and associates also gave serum albumin reinforced with dl acetsleryptophan
itravenously to 11 surgical patients as the sole source of nitrogen and found that
3 rematned 1 nitrogen equilibrium and 8 1n positive mitrogen balance when the
alburmn was admmstered under conditions of 0 2 grams of nitrogen per hilogram
of body wesght and 25 calories per kilogram per day, for five postoperative days
mn patients who had undergone major abdominal surgery
There 1s evidence, however that the utihzation of homolosous plasma 1s
relatively slow and that the degradation rate of mjected plasma to an assimilable
form may proceed at a rate perhaps not faster than 10 per cent per day (L mle
¢t al) Terry and associates have shown, also, that although they could heep
dogs 1n health and nitrogen balance for as long as three months with homologous
plasma as the only source of dietary mtrogen, the repeated datly njection of
such plasma led eventually to a marked hvperprotemnemia and at a certain stage
to protemnura  Lvidently the mjection of plasma at rates faster than it was
utilized led to 1ts retention and accumulation in the circulating blood at mounting
rates of concentratton I ckhardt and associates have observed a similar effect
following the intravenous njection of serum albumun into healthy young men
They concluded that the mjected albumin rapidly diffuses from the plasma mto
the lymphatic system and cstablishes an equilibnium between the vascular and
extravascular alburmn  The albunun retaned m the body undergocs a process
of degradation or decay mn the course of which amino acids are released for
cellular use They argue that 1t 1s because of this slow rate of degradation that
¢ albumin 15 an 1deal substance for temporartly increasing the plasma albumn
conentration and the oncotic pressure of the blood  The 50 per cent disap
pearance time  was estimated by them to be between four and six days  Albnght
and associates have also reported that following the intrasenous admmustration
of plasma protein into a normal individual  burning and  conversion of the
protun did not start toan appreciable degree until at least the third post injection
day and that approximately 50 per cent of the wnjected plasma protein was
eventuallh burned and the remamder converted inte tissuc protein
Several studtes i human subjects have also revealed hazards m the use of
homologous scrum albumin duc to sts effect upon blood yolume and the slow rate
Ior example Gimbel, ktegel and Glenn found that the mjection
into normal human subjects of human serum albumin supplemented with di
acety Itrvptophan led to ats accumulation n the plasma mterstitial fuid and
lymph 2ssociated later with albuminuria  and that congestive heart fadure
devdoped  an healthy voung males recening as little as 50 grams of albummn
trasenoushy for one weeh  They concluded that  the phcnomena of circula
tory overloading scriousls hamper the uscfulness of albumm as a‘ n)ut’m;nnn;
supplement hesond its well-estabhished value in making up 3“": “‘l’”‘i :‘
m albumin It should be reccmphasized however that protun-deplete

seru I 1 this fashion so long as they exhsbit the trssuc
persons apparent Waterhouse and assocrates have also studicd the utilization of
protun deticits : ibumin tn human subjects with ewscntially similar results
punhied huml:xnn‘:‘:::'::‘ung from rheumatic divease they observed the develop
:\lc‘:: ::; i:??n:‘;na proteinunia without ev wdence of impairment of renal function,

of utilization

v do not react
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pount of view protein hydrolysates with glucose would be given because of the
presumption that 1t 1s sound phystologic practice to maintain the tissue nitrogen
stores at as near the equilibrium level as possible
In a further effort to ncrease calonc mtake the addition of alcohol to hydroly
sates has been practiced with some success  For example, Rice and associates
have used a mivture of destrose aleohol and amino acids 1n the parenteral feeding
of several hundred surgical patients  They usually gave about 2 hiters of solution
i the first twelve hours after operation, thereby providing the patient with 100
grams of amino acids, 100 grams of dextrose and 120 cc of alcohol with a total
caloric potentiality of almost 1500 calories Yood was offered the following
morning and, 1f accepted, no further parenteral therapy was given  Otherwise
both oral and parenteral feedings were given until the patient could eat well
The alcohol has the added advantage of providing some sedation, thus cutting
down on the need for morphine  The authors believe that under these conditions
1t 15 easter to achieve positive mitrogen balances and that the calories from alcohol
spare mitrogen  Water soluble vitamins and electrolytes were also grven paren
terally when ndicated  Grabill ef al have also reported sumilar favorable cffects
with the use of alcohol parenterally
Because of the hmited utihizability of glucose solution when injected intra
venously, attention 1s now being directed to the possibility of using solutions of
mert sugar in which half of the carbohy drate 1s fructose  For example, Weinstein
has reported that the asstmtlation of myert solution 1s superior to that of glucose
alone with a consequently dimmished loss of calones  It1s claxmed mdeed that
a 10 per cent solution of invert sugar can be mjected mntravenously as rapidiy
as can a 5 per cent sohstion of glucose and with almost complete utihzation
Evidence has been presented also by Weichselbaum and associates that fruc
tose 15 a better gly cogen former than glucose and that m other ways 1t may be
an effective carbohydrate for metabolic needs At any rate further evidence
must be awaited before 1t will be possible to ascertain to what extent progress
has been made toward the goal of calonc adequacy bv the intravenous route
Undoubtedly the greatest necd, however 1s for a fat emulsion switable for
intravenous use and capable of supplying at least 2000 calories per day ~ Gratify
ing progress has indeed been made in the develop t of such an 1 and
several ty pes have been given clinical tnal with no apparent 1ll effects (Holt ¢f al
Clark and Brunschwig) Unfortunately however it has not been possible as
Vet to prepare a fat emulsion which does not become toxic upon standing for a
few weehs and until this difficulty can be overcome the extensive use of fat
emulsions will be necessanily delayed
In a senes of papers Stare and his associates have described their efforts to
prepare stabilized fat emulsions for intravenous use  After overcomung earher
difficulties associated with the tendency of the 1 to cause granulomatous
lesions and vasopressor reactions they finally succeeded 1n preparng a type of
emulsion which when given intravenously in human subjects caused no unfavor
able reactions and evidenced at autopsy no gross or mucroscopical evidence of
pathologic changes related to the fat infusions These emulsions exerted no
osmotic effects and had 2 favorable influence upon mtrogen and potassium bal
ances and the prevention of weight loss  Unfortunately as mentioned above
they tended to become pyrogenic 1n about four weeks and had to be freshly
prepared for chnical use It 1s to be hoped that further efforts to emulsify and
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ketone bodies during deamination imposes an undue burden on the metabolic
mechamsms  Therefore, until 1t becomes practicable to supply an adequate
intake of calonies parenterally 1n the postoperatrve state these worhers question
the advisability of the attempt to give amino acid solutions at all In thar
opmuon ‘the furnishing of an adequate calonie supply parenterally 1n the post
operative state 1s difficult and scarcely practicable But even if 1t were feasible
1t has not yet been defimtely established whether or not mirogen can be effictently
utilized m the post traumatic state under any circumstances ’

In an effort to overcome the calone difficulty the usual procedure 1s to inject
solutions of glucose most commonly 10 5 per cent concentrations Under such
circumstances, however 1t 15 practically impossible to supply even the dailv
caloric needs for mamtenance  For example 3 liters of 5 per cent glucose solution
will furnish less than 600 calories per day whereas the bodily needs 1 a 60 kilo
gram subject are nearer 2000 to 2400 non protemn calones, and intakes well
below this will undoubtedly be inadequate for optimal utilization of ammno acids,
cither for tissue protein reconstruction or for maimntenance Thus Ravdmn and
Gimbel have reported that at least 30 calories per hulogram of body weight’
were essential to achieve nitrogen balances, no matter how much protein was
gwven, and m the experiments of W C Rose where amino acid mixtures were fed
as the sole source of dictary mtrogen 1t was necessary m some nstances to give
as high as 55 calories per hilogram of body weight The reasons for this unusual
caloric need are still obscure but the fact cannot be 1gnored

In an effort to increase the calorte intake, concentrations of glucose as high
as 25 per cent have been employed  Unfortunately, the hkelihood of mjury to
veins 1s also correspondngly increased thus militating agamnst the prolonged use
of such solutions  Elhson and s assocrates have presented convincing evidence
however that the efficiency of parenteral ahmentation can be matertally improved
by the use of 10 per cent and 15 per cent solutions of glucose 1n association with
5 per cent amugen In protemn depleted human subjects they demonstrated a
direct relation between protem utihzation and the total caloric intake when
both nutnients were administered simultaneously ~ The choice between 10 per
cent and 15 per cent solutions of glucose depends m their opmion upon the
therapeutic geal  If onhy mamntenance 1s aimed at 3 liters per day of 10 per cent
solution of glucose in 5 per cent amigen was adequate whereas in order to ac
comphish restitution of tissue protemn and weight gamn it 1s advisable to give 3
Iiters per day of 15 per cent solution of glucose i 5 per cent amigen

It has been commonly assumed that glucose solutions when mjected mtra
venously can be utilized at a rate of approxumately 0 85 grams per Lilogram per
hour (Woodyatt ef al) Newer evidence indicates however that this figure 1s
1n many mstances too tugh and that only about 0 § gram per kilogram per hour
can be metabolized Amounts above this rate are therefore hhkely to be lost i

the urne (Cooper ¢f al Lockhardt and Elman) If the latter rates are taken
nto account the utihzation of 150 grams of glucose in 3 liters of 5 per cent glucose

1 2 50 hilogram subject would require six hours of infusion time to g:;c 600

lories and about twelve hours if 300 grams were given i 10 per cent solution
calor herefore that until this problem of calonic intahe can be solved
It 1s obvious therefo s romuse sort of ‘holdmg operation

the most that can be hoped for 15 a comp! h
to mimimtze the loss of tissue nitrogen rather than to

masn effort 15
:c}ll:r‘:\;:l}::h any marhed degree of tissue protem repletion  According to this
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point of view protemn hydrolysates with glucose would be given because of the
presumption that 1t 1s sound phy siologic practice to mamtan the tissue mtrogen
stores at as near the equlibnum level as possible

In a further cffort to mcrease calonc intake the addition of aleohol to hydroly
sates has been practiced with some success  For example Rice and assocates
have used a mixture of dextrose alcchol and amino acids in the parenteral {eeding
of several hundred surgical patients  They usually gave about 2 Liters of solution
m the first twelve hours after operation, thereby providing the patient with 100
grams of amino acids 100 grams of dextrose and 120 cc of alcohol with a total
caloric potentiality of almost 1500 calories  Food was offered the folloning
morning and if accepted no further parenteral therapy was given  Otherwise
both oral and parenteral feedings were given until the patient could eat well
The alcohol has the added advantage of providing some sedation thus cutting
down on the need for morphine  The authors believe that under these conditions
1t 15 easter to achieve positive mitrogen balances and that the calories from alcohol
spare mtrogen  Water soluble vitamuns and electroly tes were also given paren
terallv when indicated  Grabill ef al have also reported simlar favorable effects
with the use of alcohol parenteraily

Because of the lmited utihizabibity of glucose solution when njected intra
venoushy, attention 15 now beng, directed to the possibility of using solutions of
nvert sugar in which half of the carbohy drate 1s fructose  Tor example Wemnsten
has reported that the assimilation of mvert solution 1s superior to that of glucose
alone, with a consequently diminished loss of calories It 1s claimed, indeed that
a 10 per cent solution of mvert sugar can be mjected mtravenoushy as rapidiv
as cah a 5 per cent solution of glucose and with almost complete utiization
I widence has been presented, also, by Weichselbaum and associates, that fruc
tose 15 a better glycogen former than glucose and that in other ways 1t may be
an effective carbohydrate for metabolic needs At any rate further evidence
must be anaited before 1t will be possible to ascertamn to what extent progress
has been made toward the goal of caloric adequacy by the mtravenous route

Undoubtedly the greatest need, however 1s for a fat emulsion suitable for
intrayvenous use and capable of supplymg at least 2000 calones per day ~ Gratify
mg progress has indeed been made in the development of such an emulsion and
several types have been given chinieal trial with no apparent 1l effects (Holt et al ,
Qlark and Brunschwig) Unfortunately, however 1t has not been possible as
vet to prepare a fat emulsion which does not become towic upon standing for a
few weeks and until this difficulty can be overcome the extensive use of fat
emulsions will be necessanty delayed

In a senes of papers Stare and his associates have described therr efforts to
prepare stabilized fat emulsions for mtravenous use  After overcoming earlier
difficulties assocated with the tend of the 1 to cause granulomatous
lesions and vasopressor reactions they finally succeeded m preparing a tvpe of
emulsion which when given intravenousty m human subjects caused no unfavor
able reactions and evidenced at autopsy no gross or mucroscopical evidence of
pathologic changes related to the fat infusions These emulsions everted no
osmotic effects and had 2 favorable influence upon mitrogen and potassium bal
ances and the prevention of weight loss  Unfortunately as mentioned above
they tended to become pyrogemc m about four weeks and had to be freshly
prepared for clinical use It 1s to be hoped that further efforts to emulsify and
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Letone bodies dunng deammation unposes an undue burden on the metabolic
mechamsms  Therefore until 1t becomes practicable to supply an adequate
intake of calories parenterally 1n the postoperative state these workers question
the advisability of the attempt to give amimo aad solutions at all  In thar
opimion “the furmshing of an adequate caloric supply parenterally n the post
operative state 1s difficult and scarcely practicable  But even if 1t were feasible,
1t has not yet been definttely estabhshed whether or not mtrogen can be efficientiy
utalized i the post traumatic state under any crcumstances ’

In an effort to overcome the calore difficulty the usual procedure 15 to nject
solutions of glucose, most commonly m 5 per cent concentrattons Under such
crcumstances, however, 1t 15 practically imposstble to supply even the daily
caloric needs for maintenance  Tor example 3 liters of 5 per cent glucose solution
will furmish less than 600 calories per day whereas the bodily needs 1n a 60 kilo
gram subject are nearer 2000 to 2400 non proten caloncs and intakes well
below this wll undoubtedly be inadequate for optimal utilization of amino acids
cather for tissue protun reconstruction or for mamtenance  Thus, Ravdin and
Gimbel have reported that at least 30 calories per kilogram of body weight”
were essential to achieve mtrogen balances, no matter how much protein was
gven, and 1 the experiments of W € Rose, where amino acid mixtures werc fed
as the sole sourcc of dietary nitrogen, 1t was necessary 1n some mnstances to give
as high as 55 calortes per hilogram of body weight  The reasons for this unusual
caloric need arc still obscure but the fact cannot be ignored

1In an effort to nereasc the caloric miake concentrations of glucose as hgh
as 25 per cent have been employed  Unfortunately, the likelthood of injury to
vems 1s also correspondingly mcreased, thus militating aganst the prolonged use
of such solutions  Lilison and his associates have presented convinang ewidence
howevcr that the efficiency of parenteral ahmentation can be matenally improved
by the use of 10 per cent and 15 per cont solutions of glucose 1 association with
5 per cent amigen  In protein depleted human subjects they demonstrated a
dircet redation between proten utiization and the total caloric mtake when
both nutricnts were admmstered simultancously  The chosce between 10 per
cent and 15 per cent solutions of glucose depends mn their opimon upon the
therapcutic goal  If only maintenance 1s ammed at 3 hiters per day of 10 per cent
solution of ylucese n 5 per cent amigen was adequate whereas in order to ac
complish restitution of tissue proten and weight gam 1t 15 advisable to gre 3
liters per day of 15 per cent solution of glucose m 3 per cent amigen

It has been commonly assumed that glucose solutions when mmjected mtra
venously ¢an be uttlicd at a rate of approvimately 0 85 grams per Lilogram pcr
hour (Woodyatt e/ @) Newer evidence mndicates honcver that this figure 15
m many wmstances too high and that only about 0 > gram per kilogram per hour
can be metabolized  Ymounts above this rate are therefore likely to be lost in
{he urine (Cooper ¢/ al  Lockhardt and Elman) If the Jatter rates are tahen

nto account the utilization of 150 grams of glucose 1n 3 hiters of § per cent glucose
m a 50 $ilogram subject would require six hours of infuston time to grve 600
es and about twelve hours if 300 grams were given in 10 per cent solution
e, that uatil this problem of ca]o?c l:n;gkc can b:‘ <olved
omise sort o olding operation

the r}r:o>}t‘ l?:t(;a:ﬂ:;l:?‘tex;lr:ﬁ;;;l;cczl’?ep;oss of tissue nitrogen rather than to
:::::‘;m;hseh ;“ marhed degree of tissue protem repletion  Accordmg to this

calon
1t 1s obnous therefor
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restoration of the depleted potassium stores, a deficiency of potassium might be
expected to act asa hmiting factor and thus retard the processes of tissue protemn
repletion, particularly of muscle Fxpenmental evidence suggests that this 1s
so, n that a protem depleted rat subjected to proten repletion even though
supplied all dietary essentials except potassium loses appetite and fails to regamn
lost weight effectinely until potassium 1s added to the repletion diet (Cannon
Frazier and Hughes)

Probably all of the protein hydroly sates now being used for parenteral aimenta
tion are low n potassium content Morcover, many patients recerving intra
venous hyvdrolvsate therapy have also had large amounts of saline and glucose
solution admimstered or have other conditions which lead to a loss of potassium,
as for example severe diarthca vomuting marhed weight loss hemorrhage
shock burns acidosis alkalosis, ete It 1s hihely therefore that a focusing of
attention upon the potassium needs wilt bung about further improvement leading
to a more effective utibzation of the protein hydrolyvsates  Attention should be
paid also, to the needs for phosphorus and magnesiim m view of the fact that
these salts together with potassium, are the three principal electrols tes concerned
with ntracellular metabolism There 1s hittle doubt now that the contmued use
of such overly simphfied clectrolyte solutions as salt and glucose solution will
contnibute hittle to the more efficient use of the protein hy drolvsates and that the
needs for intracellular ¢lectroly tes must be given more consideration

Dot much 15 known as yet concerning the exact role of potassium or of phos
phorus 1 cell metabolism other than that both elements play an essential part
in phosphorylating reactions and i the building up of so called high-energy
phosphate bonds  The role of potassium in protemn synthests 15 also unknown
although 1t 15 known that 1t 1s necessary for muscle contraction It 1s not sur
prsmg, therefore that 1n such an active muscular organ as the heart a potassium
deficiency should adversely afiect the muscle fibers At any rate potassium
presumably has multiple functions and some of them are probably independent
of mitrogen deposition  Thus Howard has reported that 1n the catabolic phase
of protein metabolism after fracture, and with a good detary intake there may
be a positive potassium balance during 2 period of heavy loss of nitrogen

There 15 mcreasing evidence however of the relationship of potassium de
ficiency to muscular weakness This has been demonstrated particularly in
famibal periodic paralysis but 1t has also been observed in patients recetving
large quantities of saline and glucose solution in the treatment of acdosis alka
losts diabetic coma etc Probably the most serious consequence 1s that of myo
cardial weakness and heart faillure and there 1s experimental evidence (Cannon
Frazier and Hughes) that extensive lesions appear in the hearts of protemn depleted
rats subjected to severe potasstum deficiency  Moreover these animals often
die m congestive heart fallure However the lesions quickly disappear when
potasstum 15 administered indicating that the loss of myocardial intracellular
substance can be prevented by an adequate mtake of potassium

It 15 of interest to consider the metabolic situation when human plasma 1s
used as a sole source of mntravenous protein nutnment 1n a debilitated patient
who has lost both tissue mitrogen and potassium  If one assumes that for mtrogen
balance with an otherwise adequate diet the mtrogen turnover 1s in the netghbor
hood of 4 grams per day and that under such circumstances approvimatels 400
milhgrams of potassium may be excreted as well the mference might be drawn
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stabihize fat emulsions by other methods may 1n time eltminate some of the current
preparational difficulties

Shafiroff and associates have also prepared fat emulsions 1n which homogen
zation was accomplished by the use of gelatin  In this way they obviated the
use of phosphatides which, i their optnion, are most probably responsible for
the touic reactions  After mjecting the emulsion into dogs without the develop
ment of toxic reactions, secondary anemia or other abnormalty, they prepared
fat emulsions contaiming argen and glucose with a caloric value of 1300 calorics
per iter  These they gave with safety to 76 human subjects Later they
creased the calonc potentiahity to as high as 2100 calories per liter by using 2
fat concentration of 20 per cent The emulsions remained stable with respect
to particle size within the 1 micron range for at least seven months These emul
stons were admimistered to 2> human subjects i the course of 51 infustons
Although mncreased temperatures or chills developed 1 about 27 per cent of the
fusions given, the authors thought that about half of these were due to the
too rapid administration of the preparations

A fat emulsion has also been described by Meny, and Larly which has been
mfused into healthy dogs for as long as four weeks with the ammals remaming
healthy and i good spirits  Although this preparation has not yet been used
m human subjects the authors believe 1t ¢ could be used clmrcally with con
siderable confidence, and that it would be very beneficial in cases where complete
parenteral alimentation 1s necessary

THE ROLL OF INTRACLLLULAR ELECTROLYTES IN
AMINO ACID UTILIZATION

Because of the loss of hissue protemn as a consequence of debriitating disease
1t 15 not surpnsing that there should be a loss also of mtracellular electroh tes
For example 1 the course of muscle atrophy there 1s both a loss of tissue nitrogen
and of other mtraccliular constituents of muscle as well tncluding potassium
phosphate magnestum vitamuns and enzymes To the evtent therefore that
the regencration of atrophic muscle requires the integrated action and simul
taneous utilization of various dietary essentials which enter into the composttion
of this tissue 1t 15 probable that a lack of any one of these might sertoush inter
fere with tissue reconstruction Indeed evidence now accumulating pomts in
creasmgly to the vital importance of potassium and phosphate the utthzation
of amino acids for tissue protem synthesis  Although potassium has long been
Lnown to be essential for growth of plants and ammals recent evidence also
wndicates its essentrality 1n the processes of tissue protemn reconstruction Severa)
workers have demonstrated that during fastng the urmary loss of mtrogen and
potassium approumates a ratio of 10 1 this ratio also obtains in normal muscle
(Tenn) The inference 1s that much of the loss of mtrogen and potassium 15 a

f muscle wastage
ConOSfe%:f:n;;;roﬂmatel) Isoggmms of potassium present 1 the bodsy of ; 70
\ulogram man about 113 grams ar¢ present m muscle (Doneblan) Thus !s,mt azr:
dual losing about 20 per cent of his musck mass would also lo e abou
e ul otasswm  VWhen an attempt 1s made thereforc to rebuuld s de
g{:::! ?\:le)le protein stores by parenteral feeding but without provision for the
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value  However not all are of equal nutnitive value, and there 1> a need for a
method or mctheds of assay which can reveal the hvdrolysates which tre nutn
tnvely superior  The methods customanly used have consisted of amino acd
analyses both chemmcal and microbiological mtrogen balance determmations
in anymals and man, growth tests and protemn repletion tests  The hydroly sates
have been evaluated either by means of ingestion or parcnteral admimstration
Due to a lack of umformuts of methods, however no generally agreed upon pro
cedure has been adopted o doubt 1n time a mcthod will be developud which
will at least ensure therapeutic acceptance of those hydrolysates which are safe
and reasonably nutritious, and exclude those of neghgible nutritional salue
Tortunately at the present time there 13 no evidence that any now avaulable fall
m the latter category  In time, morcoser, 1t will probably be possible to demon
strate which preparations are most suitable for parenteral use in human subjects
When that 1s accomphshed 1t will be posstble to improve further the methods of
preparation and of use  Until then however much needs to be learned about
the nutnti e potentialities of the hy droly sates now being sold for therapeutic use

THE PROBLEM OF THE EVALUATION OF THE
PROTEIN HYDROLYSATES

In the nutnitne evaluation of the hyvdrolysates now m chmcal use or to be
developed the following critenia are essential
1 The preparations must be non toxic (non antigenic and non py rogenic)
2 They must contan all the ammo actds mdispensable for man, and 1 proper
amounts and proportions
> They must contam adequate amounts of non essential amino acid mitrogen
n order to spare’ essential ammno acds
4 The ammo aads must be 1 a form available for tissue utihzation when
given parenterally
As has been already pointed out with reference to the first point mmprovements
m preparition and the use of disposable tubing have elminated most of the
hazards of touc reactions At present therefore hydrolysates now available
have been widely used with 2 minimum of undesirable reacttons The problem
of nausea and vomiting still remams but further improvements mn the preparation
and modes of administration will probably eliminate these difficulties i time
In considering the question of the content of essential amino acids mn a particu
lar hvdrolysate there can no longer be any question concerming the 1mpartance
of the ‘ imiting action of essential amino acids, nor that in man erght are re
quired 1n defimte daily amounts (Rose) and proportions for the mamntenance of
nitrogen equilibrium  There 1s reason to believe also, (Steffee) that for the
repletion of protemn depleted tissues there 15 an augmented neced for essenttal
amino acids which should be allowed for m any situation requiring nutritional
rehabshitation
In the evaluation of a protemn hydrolysate the first requirement 1s to demon
strate the presence in 1t of all the essential amino acids  This 1s a stmple procedure
because if any one essential amino acid 1s present 1 2 low amount the fact can
be readily demonstrated by a rat growth or rat repletion metbod If the animals
show a reluctance to eat the matenal the most probable cause 1s an essential
2
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that to mamntain nitrogen equilibrium even at this low mamtenance level of
mtrogen turnover at least 400 mliigrams of potassium mught be needed datly

In view of the fact however, that a Iter of plasma contams only about 200
milligrams of potasstum 1t 15 evident that 2 liters of plasma datly would barely
supply the replacement needs for potassium which had been lost  And for the
reconstruction of depleted tissues more mtrogen and potassium would undoubt

edhy be needed  Therefore, even when plasma 1s used as a parenteral nutriment
there 1s rcason to believe that supplementation with potassium would be ad

vantageous and possibly essential

TYPES OF PROTEIN HYDROLYSATES

In the development of protein hydrolysates for parenteral use the protein of
choice was ongmally casem  Later beef fibnn and beef plasma were used, and
orne preparation was derived from fresh pork (knshnan ez o) The hy droly sates
most widely used 1n the Umited States are four, namely  amugen, an enzymatic
product of casen parcnanne an acd hydroly sate of casein aminosol an acid
hydrolvsate of fibrin and travamm an enzymatic hvdrolysate of beef plasma
All of thesc have had extensive chinical tnal and have been shown to be nontosie
and nutritious although there 15 evidence of some vanation m nutntive poten
tialittes depending upon the modes of evaluation

In the preparation of these hy droly sates the trend toward enzymatic hy drolysts
has been mnfluenced by the fact that this procedure does not cause the destruction
of anv of the essential amino acids  However the excellent brologieal value of
aminosol indicates that 1t 15 possible to ¢mploy actd hydrolysis under proper
conditions and still avoid 2 too great wjury to eesential amino aads  But
because enzymatic hydrolysis 1» alvays incomplete a peptide residue remains
in which as much as 45 to 50 per cent of the ammo acid mitrogen may be m
‘bound form A will be discussed shortly the poorer utihzation at times of
some of these types of hyvdrolysate has presented a problem of considerable
mterest and mmportance  More complete hvdroly s1s by means of aad obviates
thts difficulty but presents the danger that if carred too far 1t may lead to the
destruction of certain essential ammo acids particularly tryptophan and hence
make the v drohy sate nutritionally valueless until it 15 refortified by the addition
of tryptophan thus adding to the cost of manufacture In several of these
preparations the high content of glutamic and aspartic acids has tended to cause
nausea and vomiting when they are injected mtravenoushy In an attempt to
correct this difficulty Merck and Company have prepared an hydrolysate
which these two ammno acids are replaced by glycine It has been shown that

this preparation can be m)eacd mtravenously with ittle tendency for 1t to induce
nausea but 1t 15 not vet available for estensive clmcal use 1 few attemipts
have been made to prepare ammo acd solutions from sy nthetre amino acids but
the results have not been promusing both because of the high cost ar(zld because
of the large amounts of non utilizable unnatural forms of amino acids prescnt
’";‘,‘i‘jj’iﬁfuﬁ of the hydrolysates now available when properly used are
nd non pyrogenic, and all have been shown to producc posttive
non antlg;.)nlxc:w 1 lower ammals and man under approprite conditions of
:;::?;g;n ’I?h.:refore they are metabolic adjuvants of considerable nutntionat
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that “peptides derved from fibrin may be more efficiently utihzed than those of
the casen hydrolysate ” Thus even though in both instances the peptides were
less readily utihized by the tissues than were free amino acids those mn a partial
huvdrolvsate of fibnn were not excreted into the unne to as great an extent as
were those from an enzymatic hivdrolysate of casein
Chnistensen has compared the fate of the peptides 1n two proten hydroly sates,
one of fibrnin and the other of beef plasma when njected into human subjects
(normal and convalescent) The acid hvdrolysate of fibrin contamed only about
4 per cent of amno acids n the ‘bound form  In this preparation “the loss of
peptides after nfusion was found to represent about one third of the small
amount of peptide mtrogen mjected ”’ In contrast an enzvmatic hy drolysate of
beef plasma contained 468 per cent of amino acid mtrogen m the “bound”
form After infusion of this preparation, from 31 to 32 per cent of these bound
amino acids were lost in the urime  Moreover, following njection of the aad
hy droly sate of fibnm there was no detectable increase 1 bound amno acids in
the blood plasma and only a mimmal wastage in the urine whereas with the
enzyvmatic hydrolvsate of beef plasma the peptide mtrogen concentration of the
plisma rosc as hugh as 9 2milhgrams per 100ml  He concluded that  the peptides
nfused scem to fall sharply into two classes one utilized and the other not, with
few 1f any intermediate slowly utihzed peptides
1 ssentially silar conclusions were reached by Silber and Porter 1 expen
ments in dogs after the intra: enous admimstration of six different protem hy droly
sates and amino acid mixtures  The solutions were myected 1n amounts of 120
miligrams of mitrogen per ilogram per day and the unnes were assaved for
alpha ammno mtrogen by the ninhydrin method before and after acid hvdrolysis
They found 1n general that  the loss of peptides m the urine was greater than
the loss of frec ammo acids  and that the hiological value of most of the prepara
tions was about 2> per cent less when admmmstered intravenously than when
gwven orally  Ths finding they thought could be “correlated with the urinary
loss of approvimately 15 or 20 per cent of the infused amino acids and peptides
A four fold mcrease m the rate of mfusion led to an approuumately 60 per cent
decrease n the biological value or nitrogen retention  Thus 1n agreement with
Chnstensen and associates they concluded that the ammo aads of certain
preparations are more readily excreted unchanged whereas those of other
preparations are more readily deaminated so that more of the mtrogen 1s lost
as urea and ammonia mitrogen ’ They mferred that the spillage of ammo acids
may be related to biological value 1 view of the observations of Pearce Sauber
lich and Baumann that the feeding to mice of diets contaming mcomplete pro
temns led to the excretion on the average of about 24 per cent of the ngested
amino acids 1n the urme 1in microbiologically available form whereas when com
plete proteins were fed the average excretion was about 3 per cent  With both
types of protemns moreover the peptide content of the urines was approumately
the same
Silber and Porter also concluded that amimo acids were better retamed bv the
tissues than were peptides and that the latter may be unavailable to the tissues
because erther of size or composition  For example one hydrolysate high in
peptides and of good nutritional value when given orally was of poor nutntional
value when injected mtravenoushy with a loss by was of the urne of 43 per cent
of its peptides and 12 per cent of its amino acids  Thev emphasize the fact
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ammo acid hmiting action  Too often ho vever, the refusal of acceptance 1
ascribed to a disagreeable taste which the rat presumably can sense and the reat
cause of the nutntive mferiority of the hydrolysate 1s ignored I or example, ne
have demonstrated a considerable degree of variation i the nutntive potentral
ties of four hydrolysates by the Rat Repletion Method (Cannon, Frazier and
Hughes) and that n the case of an acid hydrolysate of casem its nutntive m
ferionty could be eastly corrected merely by the addition to 1t of a muxture of
essential amino actds or even by concentration i1 acuo We have found, also,
that these hydrolysates can be mjected subcutaneously mto protemn depleted
rats under comparable conditions of nitrogen mtake while at the same time
grving the ammals by mouth equal intakes of calonies vitamins and salts  Under
these condittons of testmng good protem replehion ensues which vanes consider
ably however among the four hydrolysates tested It should be emphasized
nevertheless that all four preparations induced a reasonably good protemn re
pletion, indicating that all contamed all the essential amino acids necessary for
the rat and 1 an assinulable form for parenteral utthzation  All of these prepara
tions have also been shown by others to accomphsh mitrogen equilibrium 1in man
under proper conditions of testing The only question at 1ssue, therefore, 15
whether the ones responding less favorably under these conditions of evaluation
mught not bhe made as nutntionally potent as the two better ones
The principal powt of controversy with respect to the evaluation of an hy droly
sate centers araund the question of the propriety of using an oral method of
assay of an hydrolysate which has been designed for mtravenous use m man
Obwiously all that an aral method can demonstrate 1s whether or not all the
essential anuno acids are present m the hydrolysate in reasonable amounts 1t
cannot differentiate, however between those present m free or bound form
Nevertheless hvdrolysates differ considerably n peptide content depending upon
the mode of hydrolysts and afthough by droly sates with a ugh peptide content
may be nutntionally of igh quahty when assayed by an oral method they may
be of low brological value when admmistered parenterall) due to the mabihty
of the tissues to utilize peptides efficiently
The smportance of the so called ‘peptide problem has been strossed par
ticulatly by Chrstensen and hus associates who have reported finding a greater
urinary excretion of peptides following intravenous mjection of partial by droh
sates derived ether from casem or fibnin and a greater persistenct of puptides
than of free amino acids m the blood plasma  Evidently under these conchtions
the free amino acids were better ubhzed by the tissues than s ere the puptides
i hen Christensen Lynch and Powers imjected an enzymatic hydrolysate mtra
venously tnto young, men they observed a peptidermia for from three to s hours
with a loss of peptides m the unne  They concluded therefore that because the
tissues exhibited a imited ability to utihze peptides peptides do not contribute
nutritonal advantage to the preparation ! Thev i‘uundb mo;ux; er that
approimately one third of the alpha amno acds were ]11n . Dixm :r]x:l and
were not wel} utihized by the tissues Chnistensen Lvnd dl‘c er az owers
have also demon.trated that the nutntive effects may dcpﬂ}ll Ut;:)n the tvpe )“'
ude For example a partial hydrolysate of fibrin much richer in [;LP“’ o
f}:’n an enzymatic hydrolysate of casein an: clontl::méngnz;ggz:laﬁi ‘fullh“\”
mino acds 1n a conjugated state had  fugh by ™
::ér?:t'::::;:us‘ admmistration in dogs  They concluded from these observations
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of the blood reached a concentration of 10 millgrams per 100 ml or gher
Hecht using the same type of hvdrolyvsate concluded that the rapidity of nse of
amno acid Jevels and not the actual levels themselves were responsible for the
sufe effects

A more detailed study of this problem m human subjects was reported by
Smythe, Lesichak and Levey They admmstered several types of hydrolysate
mtravenously at different rates of injection and found no relationship between
rate of njection and degree of anorexia  In more than a hundred subjects tested,
the lowest madence of 1ll effects was obtaned m those mjected with the hydroly
sate devoud of glutamc and aspartic aads  They concluded, therefore, that
“the mcidence of nausea and vomiting appears to depend on the amino aod
composition of the preparation used rather than on the average rate of adminis
tration or on the plasma amino acid mtrogen’ They found moreover when
administering an hydrolysate laching m glutamic and aspartic acids, that no
plasma amino acid mtrogen level observed caused nausea and vomiting umiformly
to occur, whereas with digests of casein the increased incidence of nausea was
usually associated with ligh amino acid mitrogen levels

Levey, Harroun and Smy the also determimed the free glutamic acid content
of the serum of patients rccewving hydroly sates intravenously and found a good
correlation between these levels and the per cent of subjects who exther became
nauseated or vomited (57 human subjects) About one half of the subjects be
came nauseated or vomited when the blood free giutamic aad concentration
reached 12 to 15 miligrams per 100 ml , and above these levels the inadence of
1ll effects became correspondingly greater Paradoxically, however, Messinger
has also stressed the fact that at times “solutions of ammo acids given intra
venously appear to be of value 1 relieving intractable anorexia” Here again
the conclusion must be that more observations will be necessary before the
problem can be solved

THE AMINO ACID-SUGAR REACTION OF MAILLARD IN
RELATION TO THE UTILIZATION OF PROTEIN
HYDROLYSATES

Another important problem with respect to the utilization of protemn hydrohy
sates o3 that of heat injury due to the Maillard Reaction has ansen because
of the current custom of marketing the hydroly sates in glucose solution 1n order
1o cnsure a greater caloricintahe  In consequence the problem of sterilization and
storage of the hydrolysates has become of greater importance In this reaction
more commonly known as the brownmng reaction a union between sugar
molecules and certamn essential amino aads leads to a combmation which 1s
resistant to bodily enzymes An hydrolysate so affected may be admmistered
m a form 1n which certain essential ammo acids are not readilv available for
nutntional use  Thus Friedman and Kline have reported that autoclaving of
protem hydrolysates in the presence of § per cent glucose causes some browning
and some deteroration of the nutntive quahty of the hydrolvsate They found
also that glucose may combine with several of the essential amino acids, mcluding
histidine  tryptopt th phenvlal lysme and methiomne They
pomted out moreover that the amino and sugar complex may be more readly
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therefore that the loss of essential ammo acids m peptides accounts for the lon
biclogical value of an hydrolysate which 15 excellent when assayed by an oral
method Tor this reason, all hydrolysates must be assaved parenterally and
finally 1n man

Silber, Seeler and Howe also have emphastzed that the utilization of protem
by droly sates depends not only upon the manner of admmistration, but also upon
rates of infusion  Thus when they injected the Merch’s Amimno Acid Solution
intravenously mto normal dogs at a rapid rate of 220 mulligrams of mtrogen pet
kilogram of body weight, the unnary loss of mtrogen was 13 per cent, whereas
when the injection rate was about one sixth of tlus, only 4 per cent appeared m
the unne  Thus a rapid rate of injection caused a net loss of urmary mitrogen
approximating 9 per cent Furthermore when they 1njected a racemic mixture
of amino acuds at a rapid rate, the loss of unnary mtrogen amounted to 23 per
cent, n comparison to an 11 per cent loss when the anuno acids were mjected
slowly

In contrast to these observations Allison and associates tested three hydroly
sates of casem which varied from 18 per cent to 60 per cent degree of hydrolysis
As measured by the K mdex in dogs they found mitrogen retention practically
wdentical for all three preparations and they concluded that at least a part of
the peptides of casetn as well as the free amino acids may be utthzed to buld up
the mitrogen stores of the body ’

It 1s obvious that more information 1s needed before a final opinion can be
reached The tissue peptrdase content may vary n different species and m
mdividuals of the same species under varying physiological and pathological
states However at least enough mformation 1s available to suggest that as
complete hydrolysis as possible would scem to be advisable provided that in so
dong, no scrious harm 1s done to essential amino acids

THE PROBLEM OF ANOREXIA NAUSEA AND VOMITING
FOLLOWING THE INTRAVENQUS INJECTION OF PRO-
TEIN HYDROLYSATES

Obyectron to the miravenous use of protemn hydroly sates arises from the fact
that some preparations cause nausea vomtmng and depresston of appetite  As
Smy the and associates have emphastzed a preparation to be acceptable must not
interfere with the patient s daily food intake Nonetheless m a study m eight
healthy adult males they found considerable vanability m this respect For
evample although an enzymatic hy droly sate of casem caused but shight depression
of appetite whether given orally or mtravenously an acid hydrolysate of casemn
“consistently produced a marked depression m the voluntary food consumption
during and followmg mtravenous administration  On the contrary the mjection
of an amino aad solution prepared by omussion of glutamic and aspartic acids
and with substitution of ghane caused no depression of appetite even when
jected ntravenously at excecdingly rapid rates

“Thus wnfluence of these two dicarboxy ltc amino acids upon appetite has aroused
\nterest since Madden and associates m 1945 reported that they tended to cause
tolent vomiting n dogs  Hoflman et al using an acid hvdrolysate of casem
observed furthermore, that the nausca occurred when the amino acid content
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dietary essentials parenterally under controlled <pernimental conditions 1t
should also be possible to assess the determining roles of each 1n their relation to
tissue protem svnthesis  Once that has been accomplished the nutritional evalua
tion of protemn hy drolysates should become a comparatively simple and accurate
procedurc
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brohen down by mcroorgamsms than by the rat, “thus suggesting that micro
biological assay of such a preparation may not reveal its utiizahihty by the
mammahan tissues of the rat and possibly of man ”

The brown color 1s not a complete measure of the nutnitive deterioratton
brought about by this reaction and additional information 1s urgently needed as
to the naturc of the chemical reaction which can so markedly impatr the nutritive
potentialty of a protemn hydrolysate Particularly sertous 1s the fact that the
reaction 1s a function of time, so that prolonged storage of such a hvdroly sate
may render 1t of considerably less nutntive value at the time 1t may be used in
the treatment of a sich patient Some manufacturers are able to keep this reaction
at 2 mmmum by 2voidance of heat during sterthization and by other maneuvers,
but so long as such hydroly sates are stored for long periods particularly under
warm conditions the possibihity of a shortened shelf life must be considered as
a problem requining further study  Here however, the problem may be happihy
solved 1f and when the develop t of a satisfactory fat Ision for mtravenous
use renders the present day dependence upon glucose as a source of calones
UnNEcessary

MODES OF ADMINISTRATION

Protemn hydrolysates mayv be injected by vartous routes oz subcutaneous
mtravenous intramuscular intrasternal and intrapenitoneal Usualls however
the mtravenous route has been preferred particularly with those contaming
glucose despite the disadvantages of mjury to vems, nausea and vomting and
toxic reactions from too rapid infusion and the loss of peptides and amino aads
via the kidney  For these reasons attempts have been made to injcct hyvdroly
sates mtramuscularly  Thus Wemstemn has reported success i admunistermg
hy droly sates into the lateral muscles of the thigh 1n the subfascia lata space and
has been able to secure 2 rapid infusion (within thirty mnutes) of a hter of »
per cent hydrohsate solution without local reactions or fatlures of absorption
He mamtamns that this method has the advantage of simplhaty requires hittle
shill n accomphshment and avoids long periods of immobilization and fixation
of the arms It also tends to decrease the mcidence of reactions both local and
general The more gradual absorption prevents the rapid rise mn blood amino
acid levels which has been attnbuted by some to cause nausea and vomiting
This method also can be used by the nursing staff thus rcleasing the pressure
on the mterns and residents where intravenous methods are depended upon
He has been able in this way to admunister 3 liters of by droly sate per day grving
1t wath glucosc intravenously in the mormng and evening and mtramuscularty
n the afternoon

From the above discussion the conclusion seems warranted that the more
effective clmical use of the protemn hydrolysates m parenteral nutrition must
awatt the solution of several perplexing problems  Some of these moreover may
to be of mnudental mterest once the basic dificulty of calonic madequacy
Protewn metabolism as 1t operates in tissue mamtenance and
reconstruction 1s a complex dynamic process requiring th::] c;z;(s}ma:tgd :géc;:ccimnr;
of calorics ammo acids vitamns enzymes s)stems an : e
any one of these nutnitne essentials mas act to some extent at cnslt z;s” o b:wf
factor Howerver whenit becomes posstble to supply simultancously

prove
has been overcome
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MELANOTIC TUMORS OF THE SKIN
BxJ A Cuadancuan M D

INTRODUCTION

PIGMENTED lesions of the skin are so common that every adult 1s estimated to
have at least one prgmented mole Despite this fact, of all the shin tumors
pigmented ones are the most often misdiagnosed ¢ The consequences are abvious
Failure to recognize an early melanoma destrovs the optimum chance of cure
by radical treatment  Erroncous interpretation of junctional changes as stig
mata of malignancy results m unnecessaty and often mutifating surgical nter
vention—to say nothing of the profound psychic trauma and expense to the
patient

In recent years intenstve study has polished the practical and theoretical facets
of this problem and much of the confuston has ytelded to the process Today a
clearcr concept of the histogenesis of pigmented nevr and malignant melanomas
has resulted 1n sharper histologic cnteria for the microscopic dfferentiation of
these lestons At the same time, practical chinical information has accumulated
for the guidance of the practitioner 1 the day to day diagnosis of the ubiquitous
pipmented mole

HISTOGENESIS

Fundamental to an) consideration of this problem 1s a basic understanding of
the two major competitive theorics of the origm of pigmented nevi and malignant
melanomas  These are the epsdermal and neural theories  (The older concepts
namely the endothelial and chromatophoric have been virtually abandoned )

The epidcrmal protagomsts led by Unna® and lately by Allen * contend that
the nevus cell takes its ongin from the true epidermal cells by a process of gradual
diffvrentration and that these differentiated cells migrate mto the corum by
means of the so called 1biropfung (or dropping off process) ~ The differentiation
of basal or other eprdermal cclls to melanoblasts 15 thought to occur # sitn and
1o consist of @ morphologic alteration with concomutant acquisition of the abiity

the enzy me melanogenase
m’;“;mr:l neumgcn)ac theory, first suggested by Soldan* in 1899 and ably :upportc(!
by the pamstaking and bnihant mvestigations of Masson ™ » Foot * Becher
and others 1s more widely accepted and has recerved considerable bracing from
the cxperimental brologists # 47 This theory mamtams that nevs ar; dcmcg
tastically or d tically from two sources pnmanly —even though al
the constituents of the mntegument may take part

(28) .
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One of thesc sources 15 the mtradermal dendutic melanoblast (Fig 1) This
cell though constantly situated in the basal layer, 15 a speciabized cell suz generts
and the onls one which gives a posiive dopa rcacion It 1s charactenzed by its
arborization, 1ts content of melanogenase and its ability to discharge its secretory
product (melanm) nto the cells of the malpighian layer as well as nto the con
Junctive cells of the papillary layer of the desmws  The preesse ongin of these
cells whether from the epidernus or neural crest s still obscure  The ncuralists
lean to the concept that they anse in the neural crest and later nander into the
eprdernus m the same manner as occurs wn buds and cold blooded vertebrates
Ladlaw and Murray * following this hine of thought have compared the nevi
to the tactrle arcas of the crocodile, and consider them malformations or tumeors
n man equinalent to these analogous structures in the loner vertebrates

LI
KN
- ar

Fic 1 —Dendritic Melanoblast Note basal position and the pigmented dendrites extending
from cell body  This discharge of melanin through dendntes into cells of the malpighsan layer
1 referred to by Masson as cytocrinia

The other important source of the nevus (neurogenic theory ) 1s the proliferation
of the Schwannian syncy um around the dermal nerves  The melanoblasts drop
off into the epidermis and nander down 1nto the upper dermns  The Schwann
cells proliferate and tend to migrate upnards in the dermus Where thev fuse the
complicated nevic plexusis seen  Support for the participation of the Schwanman
syncy tum in the development of the nevus is ably brought by ‘Masson® in his
demonstration that nevus cells have the hstologic charactenistics of the Schwnan
man syncy wm and m fact differentiate to form structures anatomically almost
wdentreal with VWagner Meissner corpuscles  He shows further that there 1s
always at least ncomplete neurotization of the dermuc portion of the nevus

From the foregoing discussion 1t 1s quite clear that the problem of the common
mole and 1ts less frequently encountered malignant analogue are so closely related
that they must be considered together (In the interest of clanty 1t should be
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MELANOTIC TUMORS OI' THL SKIN
By J A Conanvoniay M D

INTRODUCTION

ProsenTED lesions of the shin are so common that every adult 15 estimated to
have at least one pigmented mole  Despitc this fact, of all the shin tumors,
pigmented ones are the most often misiagnosed * The consequences are obvious
ailure to recogmze an carly melanoma destrovs the optimum chance of cure
by radical treatment  Erroneous interpretation of junctional changes as shig
mata of malignancy results 1n unnecessary and often mutilating surgical ter
vention—to say nothing of the profound psychic trauma and expense to the
patient

In recent years intenstve study has polished the practical and theoretical facets
of this problem and much of the confusion has vielded to the process  Today 2
clearer concept of the hst of y ed nevi and mal, ]
has tesulted 1n sharper histologic entena for the microscopre differentiation of
these lesions  \t the same time practical chnical mformation has accumuiated
for the guidance of the practitioner mn the day to day diagnosis of the ubiquitous
pigmented mole

HISTOGENESIS

Fund tal to any {eration of this problem 15 a basic understanding of
the two major competitnve theories of the origin of pigmented nevi and malignant
These arc the epidermal and neural theories  (The older concepts
1al and chromatophonic have been virtually abandoned )

The epidermal protagonists led by Unna® and lately by Allen ? contend that
the nevus cell tal es its orig from the true eprdermal cells by a process of gradual
dfferentiation, and that these difierentiated cells mgrate mto the corum by
means of the so called Abtropfung (or dropping off process)  The differentiation
of basal or other epidermal cells to melanoblasts 1s thought to occur 2 situ and
to consist of a morphologc aiteration with concomitant acqusition of the abihty

lanogenase
to’g:x;:ioz;?l? :hrex;ery ﬂfst suggested by Soldan® 1n 1899 and ably supported
by the pamstelng and brilliant mvestigations of Masson 2 ‘bll"o%t 12 Becfl\cr 5

d others 1s more widely accepted and has received considerable bracing from
th ntal biotogists ¥4 Ths theors mamtamns that nevi are derned
:x}:) c\:gtc\?a“l‘li or disontogenetically from two sources primarily —even though alt
therzonsmuents of the integument may tale part

(28)

melanomas
namely the endothel
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millimeters to several centimeters in diameter It mav be present at birth or
may develop at any later time, often appearing suddenly i crops  If a pigmented
lesion 15 found on the palmar surface of the hand plantar aspect of the foot or
on the scrotum, 1t may be assumed that 1t 1s 2 junctional nevus masmuch as the
ordinary intradermal newvus 1s almost never found at these sites  But the junc
tional nevus may also occur on the shin of practically any part of the body

The name ‘junctional nevi 1s apphed to these tumors because histologically
there 1s prohferation of nevus cells which starts (and 1s most conspicuous) at the
junction of the dermis and epidermis  hnobs of clear cells are scen interposed
between the basal celis and often igher m the malpighian laver The picture
1s quite charactenstic with clusters of nucler in what appears to be an empty
space and sur ded by tyvprcal =g epithehual elements These clear

Fic 2 -Junctional Mewns The eputhell dy keratosis marked clear cell (melanoblast)
prolferation i bisal and yunctionl areas and hmpho ytic ifiltration of derms are quite ty preal

cells are usually umiform in size and staming reaction with their ¢y toplasm often
contamnmg granules of melanin  The seerming lack of cell membrane 1s a striking
tustologic feature  The peculiar praliferation of nevus cells 15 also seen 1 the
prolongations of the epidermus about the hair follicles and sebaceous glands
‘itotic figures are rarely encountered despite the apparent loss of cohesion
between the individual clear cell elements Not infrequently a narrow zone of
nflammatory cells— principally 1y mphocytes—is seen 1n the dermis 1mmediately
beneath the lesion  Melanin laden istiocytes (easily confused with mvading
melanoblasts) may be found m amongst the lvmphocytes (Fig 2)

It 1s important to remember the prochivity of the junctional nevus to show ship
areas In chechng 1ts margins one should always bear 1n mind that even though
apparently normal epidermis completely surrounds the specimen out to the
edges of the surgical exaision skip areas of similar change may he Just beyond
Undoubtedly this trait accounts for some of the recurrences of newi in excisional
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pomted out that the turm “nevus  used synony mously with the term “mole’”
1s used m a restricted scnse to indicate those tumors made up essentially of ncvus
eclls, and not 1n the broader sense of the dermatologists to mdicate any congenital
shin blemish  Also, the term ‘melanoma’ 1s here used to designate only the
malignant melanoma )

PIGMENTLD NECVI

Most pubhshed studies of melanomas report, 1 over 50 per cent of the cases,
the previous fustory of a pigmented nevus at the site whese a melanoma has
occurred (sce Table 1) That the relationship 1s a real one 1s cvidenced by those
mstances where residual bensgn ney us cells can be seen at the margmn of a frankly
malignant melanoma  In view of these findings the role of the nevus as a mela
nerat precursor 1s worthy of consideration

TanLr T —Or1cTs 08 MECANOMAS IV FRE 1 X8IV MoLes

Tottl Number £ ercentage s 1th

tuthors of Velanom1s I re exasting Vole
Wnht 12 19
Daln? { Halmes 128 446
Pk 862 50
Ackerman s 61
Druver & AMclwear 60 Ba
Total 1219 56 9

Until reeently anv approach to this type of investigation was hindered by an
unwieldy and complex termmnology  One of the products of the competition
between the neural and eprdermal schools has been a simphfied uscful termnology
for the many varieties of nev)  This has betn one of the major contnibutions of
the tpidermahists  In thew studies they diurde neve into four groups namely
(1) junctional nevus (dermal epidermal nevus or marginal nevus) (2) intradermal
nevus (the common mole or neuronevus) (3) the compound nevus and (4) the
blue nevus (Jadassohn Tieche) These designations are recommended for their
practical value for they allow the slotting of the hustologic varants for closcr

d;
S(lf’“} the same time 1t should be pomnted out that the neurahsts feel there i
httle sense ;n breahing down these tumors mnto separate groups sice those de
veloping in the deep layers will assume the complicated neurofibromatoid ap
pearance while those ansing beneath the epidermis will be cellular and alveolar
The type of cells seen will vary as 1t inclines now toward thosc of the VMerhel
Ranvier group now toward those of the Metssner corpuscle

The question naturally arses if the nevus 1s considered to be a potential pre
cursor of the melanoma should not all nevi be removed®  As this 1s patenth
impracticable the next question 1s + hich nevt are the dangerous ones and };ou
can they be recogmized? Unfortunately no clear cut answer can be g;\ en but
certamn observations are worthy of thought and give at least a pd;;tla ammerl
The first step however should be toward 2 dlear visuahzaton of the gross ane

es of the four types of nevt
e Chmeally the Jeston 1s 2 smooth hairless

flat or shghtly elevated and varies from a few

TR FOSCOPIC
1 The Junctional Nevns -
bros 1 to hlack macule which 15
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sweat glands into the deep dermis  Mitotic activity however, 1s seldom scen,
and although the nevus cells at various levels are strihingly different in appear
ance there 1s no appreciable variation 1n cell size or staining reaction  (Dig 3)

It 1s this tvpe of nevus that 15 thought to undergo rarels, if ever mahgnant
change

3 The Compound Nevus ~This tumor denves its name from the fact that
it 15 a combination of the junctional nevus and the intradermal nevus  “Most
nevt in children are of this type—in fact 98 per cent of 50 nevi examuned by
Spitz** showed this structure  This 1s of particular interest i view of the in
frequent occurrence of malignant melanomas prior to puberts  Of all the nevi
m adults 12 per cent fall into this category  (Tg 4)
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Fi6 4 —Compound Merus This shows combination of junctional activity and large clusters
of small nevic cells 1n superfictal and deep dermis

Because of 1its junctional component the compound nevus 1s also considered
to be a melanoma precursor The occurrence of @ melanoma on a long standing
nevus 1s thought to be accounted for by this type of lesion

4 The Blue Nevus —This nevus differs fundamentally from those previously
descnibed 1 that the type cell from which 1t 1s derived though truly a melano
blast showing the charactenstic dopa stain 1s thought to be mesodermal in ongin
1t 1s a smooth and hairless growth flat or shghtly elevated sharply arcumscnibed
round or oval and blue gray or blue black m color It usually occurs on the
face buttochs or dorsum of the hands and feet and 1s made up of cells identical
with those seen in the sacral Mongolian spot of human beings and in the corium
of certamn vertebrates

Histologically 1t 1s made up of greatly elongated fusiform cells with bipolar
and often branching processes and with ther long axis parallel to the epidermis
These are situated 1n the lower and middle third of the conum occasionally
extending upward close to the epidermus and d d 1nto the subct

3
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scars, and (more important still) accounts for the desclopment of 4 frank mela
noma 1n the scar of a tumor perhaps correctly cvaluated as a junctional nevus
t the time of 1ts removal

It 1s this junctional nevus with 1ts restless appearance and the apparcnt Joss of
cohesion betneen clear cell elements that has often been crroncoushy diagnosed
as & malignant melanoma It 1s also the lesion which the epidermalists hold to
be the true precursor of the mahgnant melanoma—on the basis of which belef
they strongly recommend the removal of pigmented foct from such areas as the
scrotum and the plantar and palmar aspects of the estremtics

2 The Intradermal Nevus —This 1s the ‘ common mole’ It can occur
anywhere on the shin surface though st 1s rare tn the regrons previoush noted
Its color varies from pink to brown  “Most often 1t 15 2 papillary warty growth,
but 1t may be flat  Usually there are a fow fine hairs projecting from its surface
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P16 3 — Intradermal Verus (Comman Mole) Atrophe epiderns wathout junction ) change
and clusters of small nevic cell m superficial and deep dermis are here shown  The fohted
lamina cancaturing Wagner Merssner corpuscles 1re not seen in tht picture

Tnfection of the hair follidles accounts for <ome melanoma scares  The histologte
picture 15 complex with practically the entire shin and 1ts appendages imvohved
i the process  The epidesmus 1s mackedly dusheratotic showmg hy per)\eran’);;;s
acanthosis and parakeratosis as well as atrophv 1 varying combmatwn!s e
upper dermis 15 inhltrated by clusters of nevus cills arranged ;:x mehgu ar L;]n

theltord or abveolar pattern  The mud dermis and lower dermis s” o;;]» the comph

cated nevic plexus It 1s at ths level that the nevus cells usually ‘eaéme In{mre
{usiform—often growing around and 1n close apposition to sweat glands ere
the well recogmzed feaflthe lamina (famies folraces) are seen carcatuning the

Wagner Messner corpuscles
This lesion 1s never encapsu
the appearance of an infiltrating gro

lated 1n fact to the ummtiated it often presents
wth particularly where 1t cxtends around the



MFPLANOTIC TUMORS OF THE ShIN 33

sweat glands mto the deep derrms  Mutotic actiaity  howener, 1s seldom seen
and although the nevus cells at vanous levels are stnkingly different in appear
ance there 1s no appreciable vanation in cell size or staimng reaction  (Fig 3)

It 1s this tvpe of nevus that s thought to undergo rarely, if ever, malignant
change

3 The Compound Nevus —1his tumor derives its name from the fact that
1t 1s a combination of the junctional nevus and the intradermal nevus  “Most
nevi in children are of this type—n fact 98 per cent of 50 nevi exammed by
Spitz® showed this structure  This 15 of particular interest 1n view of the
frequent occurrence of malignant melanomas prior to puberty  Of all the nev
m adults 12 per cent fall into this category * (Dig 4)
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FiG 4 —Compound Mesus This shons combination of junctional actisity and large clusters
of small nevic cells i superficial and deep dermis

Because of 1ts junctional component the compound nevus 1s also considered
to be 2 melanoma precursor  The occurrence of 2 melanoma on a long standing
nevus 1s thought to be accounted for by this tvpe of lesion

4 The Blue Nevus —This nevus differs fundamentally from those previoushy
described 1 that the type cell from which 1t ts derned though truly a melano
blast showing the charactenistic dopa stain 1s thought to be mesodermal in ongin
It 1s a smooth and hairless growth flat or shghtly elevated sharply circumscribed
round or oval and blue grav or blue black in color It usually occurs on the
face buttocks or dorsum of the hands and feet and 1s made up of cells 1dentical
with those seen mn the sacral Mongolan spot of human beings and in the corium
of certamn vertebrates

Histologically 1t 15 made up of greatly elongated fusiform cells with bipolar
and often branching processes and with their long aws parallel to the epidermis
These are situated in the lower and muddle third of the conum occasionally
extending upward close to the epidermus and downward 1nto the subcutaneous

P e
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fat They are arranged m pecubar, often disconnected, fascicles which give an
crroncous 1mpression of mvasion of Iymphatic vessels  The tumor 1s heavily
prgmented, swith abundant melamin m both the mclanoblasts and adjacent
chromatophores  This pigmentation 1s often so dense that it 1s impossible to
scparate the chromatophorts from the ¢nzy me contaiming ¢cll cluments  Mitotic
figures are rarchy scen Upon close mspection after deprmentation the ind:
vidual cell components are found to be strnihingly unmiform in <ize, shape and
staming reactton  (Tig §)

This type neves 1s essentiath bemgn Iits rare mahgnant transformation 1s
thought to account for the occasional true melanosircoma

7Y
it L ‘7’

Fte S —Blue Mewus (Jadassohn Tieche) Note mtact unchanged epidermus In Tower and
madle third of dermms long fusiform mehnoblasts hewsly prgmented are readith seen with
thetr lony, aws parallel to epdermis

SUCGESTIONS FOR CLINICAL HANDLING OF
PIGMENTID NIVI

Climical exammation alone wiil not alwavs permit the separation and identitt
cation of the potentially dangerous nevi but certain observations have given
rise to some practical suggestions for the handling of pigmented lestons  These
are worthy of discussion

To begm with 1f as has been indicated the junctional and compound nevs
are the melanoma precursors, then 1t follows that they should be remowid when
possible  Trom this comes the Jogcal rec jation that alf pig lesions
on the palms of the hands th(fe s;:le«. of the fiet and on the scrotum be removed

se¢ are of the junction type
Sm,:f\ a*];:osvf;lilu‘l)ilt;:;ncauon 18 the]rant\ of ulferatmn n nevt and 1ts contrasting
frequ:nC\ 1n melanomas  This was confirmed by 8 study of 100 gemgn l:)i;x;f:ﬁ
100 pnimary melanomas from our hles as well as by simular studses by
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The wference to be drawn here s that, while all ulcerated pigmented lestons are
not malignant they are at least lughly suspect and should be promptly removed
and listologically examined  Unfortunately, ulceration 1s not a sign of early
malgnant change, and not imfrequently when observed at least microscopic
deposits of tumor cells are already present in the 1y mph nodes
Also of value 1s the observation that melanomas i contrast to nevi, often
have wregular pigment borders Hence, 2 pigmented leston with an irregular
border (and more particularly if 1t has arregular fingerlike projections or shows
P 1y disc ed small ite foc1) should be considered malignant
until proved otherwise
A further practical suggestion 1s that all nevi likels to be subjected to chromc
intation be removed  Although the role of trauma in the cancerization of pre
euisting bemgn nevi 1s debatable and while real proof 1s lacking there 1s enough
suggestive evidence to justify this recommendation
Finally 1n reaching a decision concerning the removal of a nevus certam
endocrine factors should be borne 1n mind patticularly as the effect of hormonal
stimulation on p: ted nevi and mel has been well recogmzed We
need only recall the pigmentary changes (chloasma) of the face, mpples and
abdomen of pregnant women to appreciate the role of hormones in pigment
metabolism A further indication of this relationship 1s the increase 1n size and
pigmentation of pre-eisting nevi and the appearance of apparently new crops
of these tumors at puberty Add to this the remarkable biologic difference m
behavior of the essentially benign prepubertal melanoma and 1its histologic twin
the adult melanoma and the importance of hormone factors becomes very ob
vious In Ime with this Pach? has suggested that every prenatal examination
of the mother should include a survey of her pigmented moles, and those subject
to wwnitation as well as any situated on the genitals or feet, should be removed
and histologeally exammed  He has also recommended that potentially danger
ous nevi mm children be removed prior to the onset of puberty
In summary the surgical removal and histologic exammation of the following
lesions 1s recommended
1 All pigmented lesions on the soles of the feet palms of the bands and on
the scrotum
All ulcerated pigmented lesions
Those pigmented lestons subject to chromc irntation by reason of their
anatomc location
Pigmented lesions with wregular borders pigmented fingerlihe projections
or with accompanving satellitosis
Any suspect nevi n children prior to puberty
Any pigmented lesion on the gemtals and feet as well as those subject to
wntation of all pregnant women in the early prenatal pertod

[ENY

-
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SKIN TUMORS OFTEN CONFUSED WITH NEVI
AND MELANOMAS
1 Seborrheic Keratosis (1 erruca Semlis Seme heratosis) — Because this

warty growth often shows an mcreased melanin content and accumulation of
considerable debris on 1ts surface 1t has been mustaken clinically for a nevus or
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melanoma  The papillary acanthoss, with fusion of the rete pegs and the
presence of pscudocysts filled wath heratin debrs plus the absence of nevus
cells makes 1ts histologic dilfercntiation quite simple

2 Pigmented Basal Cell Carcinoma —At times 1t 1» actually impossible
to differentiate this tumor from mahgnant melanoma by chimeal methods  Often
1t 1s hieavils pigmented (Iig 6) surface ulceration 15 not uncommon and quite
frequently 1t 15 found 1 anatomucal siturtions where melanomas are not unusual
Histologically the leston presents no difficulty in dingnosis

Ti6 6 —Pigmenied Basal {ell Carcinoma  Heady pigmentation 1o seéen in wenter of larger
downward imvading epithehal bud  This tumor 1s often confusing chnr-ally but not histalogically

3 Sclerosing Hemangioma  This tumor may not be easy to classify clim
cally because of heavy pigmentation —and here agam ulceration 1s often present
Histologicalls the diagnosts 1s made without difficulty  Mthough it has been
mistalen for the fasciculated mahgnant melanoma an iron stamn should readily
distingwish the two types of pigment (Ing 7)

4 Dermatofibrosarcoma Protuberans — Seldom densely pigmented  this
lesion has been confused with the fasciculatc amelanotic melanoma by both
chmaian and pathologst Fhe histologic picture 15 more suggestive of a tibro
sarcoma and does not have the swirling streaming, charactenstic of the melanoma
(Fig 8} (Furthermore melanin contaning cells can almost alnays be found in
a melanoma if 2 thorough search 1s made ) Itas of importance to avoid this error
of diagnosts since this tumor 15 usually only locally malignant and the treatment

and prognosts are quite different from that of the malignant melanoma
s
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THE PREPUBERTAL MELANOMAS

Until recent years certamn features of the nevi of childhood particularly junc
tional change were considered stigmata of mahgnancs  As this junctional
change 15 present i 98 per cent of nevi in children 3% 1t 1s understandable that
many errors occurred  Vith the fuller realization that junctional proliferation

does not in itself indicate melanoblastoma this source of error was largely elimi
nated
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It soon became apparcnt, however, that certan tumars in children present all
the chincal and microscopic features of the mabignant melanoma of the adult
(F1g 9) Tollow up studies showed that these neopl , diag d as me}
by competent and expertenced pathologists, rarcly behaved like malignant tumors
Tius dispraaty of biologic bchavior despite the apparent identity of morphologic
pattern 15 a matter of fundamental importance from the therapeuttc and prog
nostic Viewpomt

Pach ¢f al * reported 15 cases of prepubertal melanomas (one of which metas
tasized) and all survived mndefimtely  ‘These muestigators are of the opinton
that hormonal factors, onigimating n the pituttary gonads, and adrenal cortex,
play some role m changing the brologic behavtor of this tumor

Tic O —Prepubertal Melanoma Eptdernms s ulcerated  Cells are large fusiform  bisophih
show numerous mitotic fizures and extend in strexmers to deep dernus

In 1948 Spitz®® went somewhat further i her report of 13 cases of melanomas
n children who had not reached puberty  Only one of these ended fatally and
this was the only one m the series that showed metastasis  The 12 cases without
metastasts were treated by simple local excision  Although Spitz observed un
usual grant cells in 8 of the 13 cases she 15 of the opimon that lustologic differ
entiation of Juventle and adult melanomas cannot be made with certamty

Numerous other reports ot Juvenile melanomas show a pattern of behavior
{hat 1> much more benign than the usual adult melanoma but st other Lase?
have been reported m which thle progx:simn ;f t}:le glfe?se 1 the prepuberta.

Iy stmiar to that m the adu
pa’lll‘fxm hf: l:x?;tzalsc;x\gi:nzma can be compared to a ltve cartndge 1n the skin
\\hxdisngedg only the tngger effect of the profound hormonal sttmulus of pubertv
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to set off the explosion  That hormonal stimulation 15 not necessary to the sus
tamed growth of the melanoma once 1ts biologic potential has been released,
can be seen in the apparent lack of effect of castration on the progress of the
tumor Further proof of this thesis 15 found m the fact that melanoma cells
transmitted to the fetus via the placenta show no ¢vident growth restraints long
after the hormonal stimulation from the mother ceases
Certain conclusions follow these observations
(2) Age of the patient 15 of extreme 1mportance mn evaluating the pigmented
tumor
(b) All suspect nevi should be prophy lactically removed prior to puberty
(c) Aside from the occasional sport melanoma (which behaves hike ats
malignant elder) most pigmented tumors in children are essentially bemgn
and can be so treated

THE MALIGNANT MELANOMA

Of all shin tumors the melanoma 1s certamnly the most dangerous It 1s an
mteresting paradoy that thus readily visualized tumor which pinpoints 1tself
by virtue of 1ts pigmentation has already metastasized 1 over 10 per cent of
the cases on admission to the hospital ™

Origin —These tumors erther anse on pre-existing nevi (see Table I) or appear
toansedeno ¢ The pre existing nevus 15 usually of the smooth, hairless shghtly
elevated type, and the change in its character 1s often mdicated climcally by
mcreased size, deepening of pigmentation or by ulceration  When 1t seems to
ansc de 10 o the possibility of a small flat intradermal type of junctional nevus
or lentigo having preceded 1t cannot usually be ruled out

Incidence —The over all population inadence has been estimated by Mc
Donald as 18 per 100,000 Iigures on the ratio of melanomas to other shin
tumors are quite variable  Sylven?® found that melanomas constitute 7 per cent
of the shin cancers at the Radtumbhenime!  Acherman,! on the other hand found
that they totaled only 2 9 per cent of the skan cancers in his series

Sttes of Occurrence —From the accompanying table which represents the
distnibution found 1n 960 cases (see Table II) it 1s readily seen that the tumor
can occur on any shin surface but 1 found i highest concentration m the region
of the head and neck and on the lower extrermties

TABLE T —SITrs oF OCCURRENCE OF 960 MELANOMAS

W right Pack
Sute {109 cases) (851 cas s5)
Head & Neckh 267 23 1,
Trunk 28, 17 9%
Upper Extremities 130 13 7¢,
Lower Extrermties 27 27¢%

Other Sites 6 18 3¢
(Eyenotincluded)  (Eye included)
8 6

Sev Distribution —McDonald  m reporting 349 cases showed that 493
per cent occurred 1n males and 50 7 per cent 1n females This comcides with
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Tt soon became apparent however, that certan tumors 1n children present all
the chmceal and microscopic features of the malignant melanoma of the adult
(Ing 9) Tollow up studies showed that these neoplasms, diagnoscd as melanomas
by competent and experienced pathologists rarely behaved hike malighant tumors
This dispanity of brologic behavior despite the apparent dentity of morphologic
pattern 15 a matter of fundamental importance fram the therapeutic and prog
nostic vicwpoint

Pack et al  reported 15 cases of prepubertal melanomas (one of which metas
tasized) and all survived mdefimtely  These mvestigators are of the opinion
that hormonal factors, originating m the prtuitary, gonads, and adrenal cortex
play some rale 1n changing the brologic behastor of this tumor

*Ip y ¢
LA

-t

Tic 9 - Prepubertal Vlelinoma  Epidermns s ulcerated  Cells are large fusiform basophilic
show numerous smitotic figures and extend 1n streamers to deep derms

In 1948 Sprtz*® went somewhat further 10 her report of 13 cases of melanomas
m children who had not reached puberty  Only one of these ended fatally and
this was the only one in the series that showed metastasts The 12 cases wathout
metastasis were treated by simple local excision  Although Spitz observed un
usual giant cells m 8 of the 13 cases she 15 of the optmion that histologie differ
entiation of juventle and adult melanomas cannot be made with certamnty

Numerous other reports of juvenile mefanomas show a pattern of behavior
that 1s much more bemgh than the usual adult melanoma but still other cases
have been reported in which the progression of the disease m the prepubertat
patent has been essentizlly sumlar to that 1n the adult ® % ’ o o
Ths prepubertal melanoma can be compared to a e cartr g‘e m it ¢ hse 1{1
which needs only the trgger effect of the profound hormonal stimulus of puberty
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Two basic el types are scen an the malignant melanoma  the ¢ptheliod
and the fasueulate or sarcomatoid ot nfrequently both types arc found s
the same tumor

If the epithehiond elements predominate the low power design 1s either that
of melanoma cells clustered 1n nevord nests (Fig 10) in which case the name
nevocarcinomy s sometimes applied) or of cells arranged in wrregular alveolar
patterns (11g 11)  These epsthebord cJuments vary from smail to quite large
The snall cells are usually not much Jarger than a nevus cell, and have a dark,
by perchromic nucleus and a pale staring often vacuolated, cytoplasm  Some
tumes they arc confused with reticulum cells, particularly when scen as metastatic
depostts 1 a lmph nade  The large epithchoid elements show a hy perchromsc
nuclens often with a promunent eosmophiic nuckolus a pale pmh staming,
acdaphdic ¢ toplasm suth or without pigment granules These large cell ele

Fio 18— Valignant Velanoma ( Urealar T'ype) Epitheliord cell elements are arranced m
arregular lveolar patterns  Lhere is still some suggestion of nevie structuse but the eelis are
lasger the wrrary,~ment more disotgarzed

ments often bear a superficial resemblance to ganghon cells and on occasion have
been mumicked by undifferentiated squamous cell carcinoma f1,g 12y

The sarcomatoid or fasciculate melanoma 1s made up of spindle shaped cells
with bipolar processes and a central basophilic ovoid nucleus  These cells are
arranged tn fascicles or swirling bundles 1n a manner closehy resembhng 2 neuro
nhrosarcoma (Fig 19)

Pigmentation 1 extremely vanable irrespective of the cell type encountered
In some tumars pigment ts found with great difficulty and mn these the dopa stan
1s mvaluable  Unfortunately too often the diagnosis 1 not suspected until pro
longed fixation has occurred vith destruction of the intracellular enzyme
Staming the fixed sections with silver has been recommended for demonstrating
small amounts of pigment but m my own hands this procedure has been of ittle
value  There are other melanomas n which the pigment deposition s so heawt
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the findings 1n other serses and indicates that there ts no sigmficant difference in
madence betsveen the seies

Age Drstrsbulion —As has been previously pownted out, malignant melanoma
15 rare before puberts A Jarge majonity of the cases are found i the thirty five
to seventy age group®—in this respect corresponding with other malignant
tumors

Race Iactor =Tt 15 generallh conceded that piymented nest and melanomas
are not commonly found in the darker races  The ratio of madence for melano
mas i white and colored indniduals 1s cstimated as 3ar 4 to 16 (An wmteresting
hiologic corollary to this 1s the observation that melanomas are more frequent
in hight colored horses ) Another peculianty of this tumor n the colored races
15 1ts predilection for the soles of the feet the nail bed, and the oral mucosa—
regions not usuall deeplt prgmented

Tre 10 — \ah el tnoma ( \alignant are smll and
arranged mn neyic clusters

A theory has been advanced to evplam the uncommon occurrence of the
melanoma i the Negro and its strange anatomic distrtbution  Ths theors
postulates that the phystologic function of pigment formation 1s under better
control 1n heavily pigmented shin and hence the cells capable of producing pig
ment are less prone to unrestrained growth In concert with this 1dea 1s the
clmtcal observation that malignant melanomas are found most often 1 blond
mduaduals with pale shin o

Hastology of the Melanoma —Despite its characteristic diversity o xstbloghlc
structure the full blown melanoma presents little diagnostic difficulty to i ;-
evpenenced mistopathologist  but unfortunately doubtful and h;ansmonaf
melanomas are not rare  These are the tumors which often re;;\lnre T r;;;ety‘ SI
judgement  to resolve the sssue  (The problem of the doubtful melanoma ¥

be discussed under a separate heading p 43
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DOUBTFUL MLLANOMAS

Thesc are the cases which present the greatest diagnostic problem to the ex
penenced pathologist  That they exist and are in fact not uncommon, 15 not
widely appreciated The necessity of studying these borderline lestons 15 ob
vious yet surpnsingly hittle work has been done thus far  Histologicalls, they
are not simple vanants of nevi, and at the same time they arc not outnght
melanomas 14 They are tumors m which the cell components he somewhere
between the nevus cell and the melanoma cell

e SN X ew axg ¢ ri e Leg
N ST
XN N “
WL Ry b,
.:«?I\\}o;,* et

. )
B
i 4“(:"5’
N 72 S
LS I
b:*\" 25 Y
Rty List
5 >
).&\' ) e
B edikben
Pty RSN
> { o ra,
12 N G
EESeaengy b ol 3;@:;‘,7?.‘
RN o S A R TN i)
e\ My
AN SRR N
NIt AL AN S
E;’sh\\‘f.h"\“,_dw R ‘;; ' e
. e\ o Y L2
BINGRVEEDT ¢ ¥

Fic 14 ~Borderline or Doublful Melanoma Note deep penetration of fat and the more
important basophiha cell vanation and disorder); of d cell elements
Mitoses were found in this case  Local excision tesulted 1n eight year cure

In some mstances there 15 excessive deep penetration by enlarged hyper
chromic, pigmented fusiform elements—this penetration extending around the
swneat glands and into the adjacent fat (Fig 14) Not mirequently these altered
cells show mutotic activity  In essentials what 1s seen 15 an exaggeration of the
penetration that 1s often found around the sweat glands mn the ordinary intra
dermal nevus but 1n the doubtful cases the cell components show much more cell
vanation bhasophilia and other cell features suggestive of an aggressive neoplasm
Sometimes the change 1s imited to the junctional zone in the eprdermis (Fig 15)
m which cases 1nstead of ordmary nevus cells i the junctional area the cells
are larger show less cell cohesion bizarre and often enlarged hyperchromic
nucler and occasional mitoses T requently there 1s a zone of Iy mphocy tes and an
d pumber of ch Pl m the derrms  Everyone expenenced n
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Fic 12 ~Valignant Melinoma “ote Inrge size of melanoblasts the loss of cell cohesion
esemblince to ganglion cells 15 best seen m H and E sections
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Ti6 13 —Valignant Melanoma {Fusciculate Tvpe) Resemblince of this type
of melanoma to a neurosarcoma 1s evident

A
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that the underlying tumor cells can scarcely be visuahzed Depigmentation of
such tumors makes 1t possible to more adequately study cell detar)

All of these varieties of melanomas are further charactenzed by the usual histo
logic stigmata of malignancy namely 1ncreased cell size vanation m cell size
increased mutotic activity loss of cell cohesion and Jocal and Ivmphatic iy asion
Another 1mportant and constant feature of the primary me]’anoma 1s involve
ment of the epidermis 1 a bizarre type of junctional activity
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THL MALIGNANT MELANOMA AND PRLGNANCY

Because of the unusual rapidits with which the melanoma grows and metas
tasizes 10 conjunctron with preg \, pnme consideration must be gnen to
prophylaxis  Tor thus reason 1t was strongly recommended carlier in this dis
cussion that all potentially dangerous pigmented nevi be removed prior to
pregnancy or earh m the prenatal pcriod  1f histologic exanunation shows any
to be melanomatous radical surgical treatment following accepted standards
should be undertahen immediatels

Questions have ansen as to the alue of therapeutic abortion and hormonal
therapy as adjuncts to the surgical procedure  With regard to the tirst recent
stuches 9 show that abortion 15 not indicated since all but a rare few of the
children born to melanoma beartng mothers are normal and the nterruption docs
not m anv wav seem to alter the progress of the diseasc  On the other hand 1t
1s considered wise to advise patients with treated melanomas to ayord pregnancy
for at least three vears The question of the advisability of hormone therapy
has been answered by chinical evperiments *  These have included surgal
castration  large doses of testosterone putuitary srradiation—even bilateral
adrenalectomy with cortin admsmistration  Without exception the record 1
one of complete faiture

METAST SIS

The pnmary route of metastasis 15 through the lymphatics The spread 1s
either by embolism or by permeation through the Iymphatic trunks or subcu
taneous Jymphatic plexuses to the Iy mph nodes Regional lvmph node mvolve
ment 15 & Very common accurrence

As a rule metastasts of this type takes place within three years  Tavlor and
Nathanson* showed 1n their study of melanomas with metastases that Ivmph
node mvolvement occurred in 57 per cent of the cases within a vear 70 per cent
within two vears and 83 per cent withmn three vears Intra-ocular melanomas
are notortous for delaved metastasis but the cutaneous tumors also have a dis
quicting tendency to Teappear in general d ion years after apparent cure
Wilbur and Hartman* point out that metastasis may show up after ten to thirty
years Thus feature of the melanoma 1s murrored 1n the marhed drop 1n salvage
rates between the five and ten vear intenvals as reported by most authors  For
this reason any evaluation of five year survnval rates must be guarded

Statistical stucies® have been undertaken m an attempt to relate the madence
of lymph node metastasts to such vanable factors as race age and sex of the
patient duration and size of the primary tumor 1ts anatomic location histo
logic type and previous treatment Although variations m incidence were
noted they were inconstant and not statistically significant

The clinical apprasal of metastatic lymph nodes 1s not rehable A recent
study** showed microscopic deposits of tumor in 19 per cent of the nodes + huch
were not palpable while an equal number of palpable nodes were mnocent  As
mn other tumors there 15 a greater chance of chnucally recogmzing imvolved lymph
nodes m the cervical region than 1 the axdlary or ingwinal areas (It should be

pomted out here that all prgmented cells scen mucroscopically 1 lymph nodes
do not represent metastatic melanoma Hemostderin and melanin laden macro
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surgical pathology has scen this type of lesion, and, even after prolonged studs
of scral sections, has on occasions been foreed so to speak to play st by ear

Wright® 1n an interesting review of 148 melanomas found that 27 cases fell
into this doubtful group Of thest, 10 occurred in children under twelve vears
of age, and, smce malignant melanoma 1s rare 1n that age group could probabls
be eliminated on that basis  The other 17 still rematned problems

He found that the lestons occurred most often on the face and Joner imbs—
these two arcas accounting for 85 pur cent of the total number It was noted too
that all the lesions in the doubtful group 1 ere small onls one was ulcerated and
prmentation though vanable was not promnent  \ follow up showed all of
them to have a long survival pertod, with no conclusive evidence of malignanc

Fig 15 —Doubtful Melancma Fpithehal covenng 15 mtact  There 1s junctional sctnity n
eadermis but note varation m cell and nuclear size lToss of cell cohesion and fsmphocyts
mdermis  An 1 rattotic. figre was found in altered nevic elements

The altered nevus or doubtful melanoma which shows deep penetration of
izarre ~pndle shaped elements (but wathout assoctated junctional alc)hvlm ))
though disturbing to the oncologist can 1 most mstances be treated b‘ ocad
excision  (As a precautionary measure however the patient should be observe

cars )
fu;}f:ct;\‘t:l ;ther type of borderlme lesion—the onc will atypical Jl;nctw;nal‘:,cd
ity —clearly and nexorably raises the question Is s an early paiigi u

Janoma® With our present understanding of these doubtful tumors our answ y
"mhahmg and falible Further study of this problem 15 both a chalienge an
15

an urgent need
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GROUP 1I CASLS WITHOUI CLINICALLY LVIDENT LYMPH
MLTASTASIS

Because of the fallibriity of chimeal evaluation of lymph node metastasis there
1s general accord that prophs lactic Ivmph node dissection should be carried out
1 ths second group of cases  Of first importance, however, 1s the radical exciston
or amputation of the primary tumor This should include a margin of skin 6 to
10 em wide and will require an immediate shan graft  The depth of the exaision
should extend below the deep lvmphatics thus including the underlving fat and
fascia

In those instances where the shin melanoma 1s situated close to the first relay
of draining lvmph nodes excision and dissection 1 continuity 1s recommended ¥
This involves the removal of a large strip of shin and fascia from between the
primary tumor and the regional nodes 1 such a manner as to take 1 the sub
cutancous lymphatic plexus and the deep lymphatic trunks of the area This
procedure (designed to eradicate the pnmary tumor all tumor cells n transit
1n the lymphatics and in the 1y mph nodes) cannot be used when the prmary 1s
too remote from the draming nodes—as when the melanoma 1s situated on
the foot

In such cases of wide scparation radical excision of the primary lesion 15 carnted
out then a period of several weeks 1s allowed to elapse before the prophy lactic
node dissection 15 done This delay 1s recommended by some® to permut the
interception of Iymphatic embolt either already n transit or set free by the
mampulation mncdental to the operative procedure on the prnimary  In my
own opinion, the value of this delay period 1s questionable particularly mn view
of the imperfect and transient barner afforded by the interposing lymph nodes
to the continued spread of the tumor It could also be argued that, since there
15 no assurance that microscopic deposits of tumor are not already n the nodes
any delay 1n resecting them only adds to the patient s jeopardy

GROUP III CASFS WITH CLINICAL EVIDENCE OF OPERABLE
REGIONAL LYMPH NODE METASTASIS

Cases with obvious hmph node metastasis are best treated by exasion and
dissection mn continmity but as was noted mn discussion of Group II the pnimary
site of the melanoma 1s often the hand or foot elimnating the possibthity of this
type of management For such patients there 1s a choice between two methods
of treatment

The first 15 to radically exase the primary leston and after an interval of several
weehs follow this by radical Iymph node dissection of the drainage area But
if Iy mph node involvement 1s extenstve and there 15 an associated lymph stasis
this procedure which leaves behind all the intervening lymphatics offers httle
hope of a cure It 15 these patients who frequently show multiple recurrences
and metastases i the deep hvmphatics and subcutaneous tissues

The second method of management for this group of cases 1s hip joint disarticu
lation with dissection of the deep nodes of the gromn when the melanoma 15 on
the foot and the interscapulothoracic amputation with dissectton of the lower
cervical lymph nodes when one of the upper extremuties 1s mvolved The
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phages are found 1 2 wide variety of conditions and can mislead the unwary )

Another important route of melanoma metastasts 1s by way of the blood stream
This 15 much less frequent than lymphatic spread and 1s usually a late event
Sometimes the fortuttous invasion of a blood vessel with widespread metastasis
occurs early in the disease  In such cases the bver, Jungs, heart, spleen, bram,
and shin arc often the sites of metastatic tumor growth

An 1mnteresting result of blood stream metastasts is the occasional finding of
depostts of tumor m the placenta, with transfer of the tumor cells to the fetus
Several such reports have been recently published ® #8240 Qne of these describes
the case of a twenty five year old woman with a cutancous melanoma on the
nner aspect of the left thigh and with mnvolvement of the ingumal ly mph nodes
Src months later she marned and became pregnant  During her pregnancy
cutancous nodules were noted  Sixteen months after the first dragnosis was made
a cesarcan section was done and a hiving baby dehivered  The placenta was
large and dark brown, and melanotic tumor cells were found mn the blood vessels
of a chononic villus  The mother expired three months later as a consequence of
metastatic spread  The baby seemed well for the first five months but at the
age of eight months she was admitted with an enlarged biver and died at the age
of ten and a quarter months  Autopsy showed widespread melanoma deposits
i the Iiver lungs and subcutaneous tissues  Histolopic examination disclosed
a tumor pattern essentiaily similar to that obscrved in the mother

One of the clmical manifestations of extensine metastatic melanoma 15 the
development of melanosts and melanuria and even on occasion the presence of
melanm in the mother s milkh LChrhich s reagent® has been used to demonstrate
melanogens and gives a charactenstic red color reaction

THERAPY

There 15 general agreement that the present day treatment of malignant
melanoma is primarily surgical  An excistonal biopsy 1s the first step i obtainng
an accurate diagnosis  Once the diagnosts s soundly established the type of
surgical management 15 determmed by such factors as the anatomic site of the
tumor and the presence or absence of Iy mphatic or blood stream metastasis

For ease of discusston the cases are divided into four groups

GROUP I CASLS WIIH CLINICALLY EVIDENT BLOOD-STREAM
METASTASIS

Patients presenting the chimical picture of distant blood bomne metastases offer
no practwal possibilty of flecting a cure and hence nothing but pathatne
should be considered  Of course allowance must be made for that

patient for example who appears with a solitary bram metastasis ahe; a lix:g
penod of freedom from disease following previous surgical treatment ol a skin
melanoma ¥ Surgical removal of such a nodule offertng—as 1t does n;‘ mat\;‘)
_several years of happy lfe to the pattent completely justifies the

mstances
procedure



AELANOTIC TUMORS OF THE SRIN 47

GROUP II CASES WITHOUI CIINICALLY EVIDENT LYMPH
NMETASTASIS

Because of the fallibility of clinical evaluation of Iy mph node metastasis there
15 general accord that prophylactic Iy mph node dissection should be carried out
1n this second group of cases  Of first importance however, 1s the radical exaiston
or amputation of the pnmary tumor  Tius should mclude a margmn of shin 6 to
10 cm wide and will require an immediate shin graft  The depth of the excision
should extend below the deep lymphatics thus icluding the underlying fat and
fascia

In those mstances where the shin melanoma 15 situated closc to the first relay
of draming 1y mph nodes excision and dissection 1n continuity 1s recommended
This mvolves the removal of a large stnp of shin and fascta from between the
prmary tumor and the regional nodes in such a manner as to take 1n the sub
cutaneous Iymphatic plexus and the deep lvmphatic trunks of the area This
procedure {(designed te eradicate the primary tumor all tumor cells in transtt
in the Ivmphatics and in the Iy mph nodes) cannot be used when the prnimary 1s
too remote from the draming nodes—as when the melanoma 1s situated on
the foot

In such cases of wide separation, radical excision of the primary lesion 15 carried
out, then a period of scveral weeks 1s alloned to elapse before the prophylactic
node dissection 15 done  ‘This delay 15 recommended by some® to permit the
mnterception of lymphatic embolt either already m transit or set free by the
mampulation imncidental to the operatne procedure on the primary In my
own opinion the value of this delay period 1s questionable particularly in view
of the imperfect and transient barner afforded by the interposing lvmph nodes
to the continued spread of the tumor It could also be argued that since there
1s no assurance that microscopic deposits of tumor are not already 1n the nodes,
amy delay 1n resecting them only adds to the patient s jeopardy

GROUP III CASES WITH CLINICAL CVIDENCE OF OPERABLE
REGIONAL LYMPH NODE METASTASIS

Cases with obvious lymph node metastasis are best treated by excsion and
dissection m continwty but as was noted in discussion of Group II the primary
site of the melanoma 1s often the hand or foot eliminating the possibility of this
type of management For such patients there 1s a choice between two methods
of treatment

The first 1s to radically excise the primary lesion and after an mterval of several
weehs follow this by radical lvmph node dissection of the dramnage area But
1f Iymph node involvement 1s extensive and there 15 an associated lymph stasis
this procedure, which leaves behind all the intervening lymphatics offers little
hope of a cure It 1s these patients who frequently show multiple recurrences
and metastases in the deep lymphatics and subcutaneous tissues

The second method of management for this group of cases 1s hup Joint disarticu
lation with dissection of the deep nodes of the grom when the melanoma 1s on
the foot and the mnterscapulothoracic amputation with dissection of the Tower
cervical lymph nodes when one of the upper extremities 15 nvolved The
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disablmg and mutilating nature of such surgery however, has made the problem
of securing consent extremely difficult

GROUP IV CASLS WITH INOPIRABLL REGION AL LY MPH NODI
MELTASTASIS

TPatients with denscly matted and partially or completcly fived Iy mph nodes
should not be subjected to operition  The possibility of complete removal 1s
practically ml and complications such as fungation of the accelerated tumor and
poor wound healing are fornudable  In such cascs radiatton theripy 15 some
times 2 useful palhative measure

Other ty pes of treatment have been tried  Attempts to control the melanoma
by massive doses of hormones have resulted 1n nothing but fatlure  Roentgen
ray and radwm therapy offer hittle more, though still used to some extent as an
adjunct to surgery and for palltation  VMarcus and Rotblat ? recently reported
their work on a new form of racsation therapy with radioactive 1sotopes  Uptahe
studies werc carricd out on the sotopes P* I and Cu®*  The radioactsvc 1odine
and copper were not taken up by the melanomas in any sigmificantly selective
fashton  The P? uptake was noted as 4 to 10 higher than the uptake of normal
shin hence a patient with widespread metastatic melanoma was given thera
peutic doses of this 1sotope  Although therc appeared to be some mhibition of
the growth rate of the metastatic tumors the chinical courst of the diseasc was
not materially altered The value of this form of experimental therapy will
have to anait further study

PROGNOSIS

Any attempt to evaluate the prognosis for paticnts with mahgnant melanoma
demands that due consideration be given to the vanable biologic behavier of
the tumor the method and adequacy of treatment and to a host of other factors
The failure to do this resuits m misleadighy gloomny er cuphonic statistics

Several authors clasaify the discase by stages ' 4 using the following cate
gorzation as a bass

Stage 1 Negatne nodes

Stage IT  Chmcally negative nedes which are microscopically mvolved

Stage IIT  Chnically posttive regional nodes without distant metastases
being evident

atage IV Distant metastases

Where such staging 1s adopted the five year survinal rate for Stage I patrents
15 1n the neighborhood of 30 to 40 per cent—when the trcatment 15 early and
adequate  Prognasis hecomes progressively worse with extension of the leston
Patients with palpably mvolved regional nodes (Stage 111) have a five year
survivel rate of approximately Slper cent ‘; In patients with distant metastases

1V) the five year survival 1s virtually zero
(Sii%fh :e)gztud to prognosts as 1t relates to the site of the pnmary 1t appears
he head vsually have the best survival value ! Many statistical
o show this fact and consider the head
p for located on
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that lesions on t
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and nech together  The more ausp
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the head 1s largely due to the fairlv well delineated lymphatic drammage with
readily accessible nodes  But when the lesion 1s on the neck the scene changes
and for this reacon it would seem better to separate the two sites when evaluating
prognosts  Melanomas of the back and chest have a poor prognosis* for there 1s
extreme likelthood of deep 1y mphatic dramnage

Five vear survnval rates are not accurate measures of freedom from the tumor
process for the melanoma scems especally prone to recur after this period 104
The practice followed by some vestigators'® ©* of reporting the actual status of
the patients at the time of wnting—in addition to the conventional five year
survival values—1s to be commended

The mahgnant melanoma 1s not 100 per cent predictable, and the whole
question of prognosis must as vet cnd on an uncertamn note  All that can be
said n the hght of our present knowledge 1s  Approach the Stage I and II
patient with a hopeful but guarded outlook the Stage III and IV victim with
extreme pessimism
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disabling and mutrlating nature of such surgery however, has made the problem
of securing consent extremely difficult

GROUP IV CASES WITH INOPTRABLL RLGIONAL LY MPH NODE
MLETASTASIS

Patients with densely matted and partiallv or completely fived lymph nodes
should not be subjected to operation  The possibihity of complete removal 15
practrcally ml and complications, such as fungatton of the accelerated tumor and
poor wound healing arc formudable  In such cascs radiation therapy 1s some
times a uscful palliative measure

Other ty pes of treatment have been tied  Attempts to control the melanoma
by massive doses of hormones have resulted in nothing but fature  Roentgen
tay and radwm therapy offer httle more, though still used to some. extent as an
adjunct to surgery and for paliation Marcus and Rotblat ¢ recently reported
therr worh on a new form of radiation therapy with radioactive 1sotopes  Uptake
studies were carnied out on theisotopes P I, and Cu®*  The radioactive 10dine
and copper were not taken up by the melanomas in any sigmificantly selectne
fashton  The P? uptake was noted as 4 to 10 highcr than the uptake of normal
skin hence a patient with widespread metastatic melanoma was given thera
peutrc doses of this 1sotope  Although there appeared to be some mhibition of
the growth rate of the metastatic tumors the clinical course of the disease was
not materially altered  The value of this form of experimental therapy will
have to awast further study

PROGNOSIS

Any attempt to evaluate the prognosis for patients with malignant melanoma
demands that due consideration be given to the vanable biologic behavior of
the tumor the method and adequacy of treatment and to a host of other factors
The farlure to do this results in misleadingly gloomy or cuphoric statistics

Several authors classify the disease by stages ! using the following cate
gorization as a basis

Stage I Negatinc nodes

Stage II  Chnically negatne nodes which are microscoptealty mvolved

Stage 111 Clnieally posttive regional nodes without distant metastases
beng evident

Stage IV Distant metastases

W here such staging 1s adopted the five year survival rate for Stage I patients
1s 1n the neighborhood of 30 to 4D per cent—when the treatment 1s early and
adequate  Prognosis becomes progressively worse with extension of the leston
Patients with palpably involved regional nodes (Stage HI) have a fnejyear
survival rate of approamately 5] per cent ;; In patients with distant metastases

7 the five year survaval 1s virtually zero
(St\z\"%fh“re)gtard to p}rognoms as 1t relates to the stte of the plnmar) 1tt atppleliﬁ
that lesions on the head usually have the best survival value ! Many s ;z‘ Jsh oo}
s, howeser, are not comptled to show thrs fact and consider the
sm:;mng:f tyo;,ether 'The more ausprctous proguosis for melanomas located on
an
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3
PATHOLOGY OF SYSTEMIC LUPUS ERY THEMATOSUS*
B Pvun KrempeErer M D

In prepanng a review of recent advances m our hnowledge of systemic lupus
ertthematosus I found myself confronted with a dilemma  What peritod should
be chosen as the starting point for my survey of the progress which has been
achieved m the understanding of the disease® Should I Iimit m<elf to a dis
cussion of the most recent i estigations only and adwvise the reader to consult
comprehensive articles such as that of Montgomery? or Baehr and Jarcho for
the state of nformation as presented 1 1939 or 1950° It certamly would have
reheved me of laborious studies of the old hiterature It also would have excul
pated me of reproaches of having omutted pertinent articles on the subject since
1t 15 hardly possible to cover the vast literature which has been accumulated in
the past century when the term lupus erythematosus has been introduced by
Cazenave 3 But Iwould have deprived myself of a most pleasant task of historical
recollections which 1s so pecultarly attractive to the advancing years of the stu
dent of medicme  In this period of his life he enjoy s delving into the past to try
to connect the discovenies of past generations with the achievements of the
present  He finds encouragement 1n the recognition that each generation has been
building for the future he tries to understand the investigative principles which
bave guded the investigators of the past and wishes to recognize why they have
failed to grasp facts which have been revealed by recent research only  Such an
approach will protect him from becoming a laudator temporss act: and mght
stimulate the nterest of younger students of medicine

HISTORICAL

The tistory of sy stemc lupus ery thematosus begins with hapost st descniption
of the acute forms of the malady However hapos believed 1n a fundamental
identity of the chromc and acute disease and even teday the relationship between
the two forms has not been fully clanified For this reason a short review of the
history of lupus erythematosus mught be justified Waillan 5 the founder of a
nosologic classitication of cutaneous diseases on morphologic prinaiples was the
first to give a clear description of the various appearances of lupus as 1t destroys
the shin of the face His pupil Bateman ® who completed hi> master s work
seems to have been the first who noted the pecubartties of lupus ery thematosus
and 1t 1s interesting that he did not confuse 1t with Willan s lupus However he
classified 1t as simple schthy osts imuted to the face having apparently been im
pressed by the stnking scaling of the epidermal surface [Ilate \VIII of his
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Ihis reads acceptance of a bactenial etiology i particular that of the tubercle
baaillus has delayed progress in our understanding of the nature of lupus ery them
atosus especrally that of the svstemic type  Boech™ 1n 1880 descnibed a senes
of cases which he believed to be identical wath the acute disseminated lupus ery
thematosus of Kapost and could prove therr tuberculous nature  Although
subsequently 1t was recogmzed that Boeck s lupus eryvthematosus was funda
mentally different from Kapost s acute lupus erythematosus and was generally
identified with tuberculides (Boech!®) the tubercle bacillus continued to play a
mayor role 1n considerations of the etiology of the disease particularly of the
acutevanety  Pathologic anatomic observations were quoted mainly 1n reference
to the question whether tuberculous lesions were found in the body ornot  With
out critique the presence of active or silent tuberculous mnfection was accepted as
sigmficant  Of course there were students of the disease who did not accept a
tuberculous ctiology and who found support for their shepticism in necropsy
reports m which the absence of tuberculosis was established  One 1s surpnsed at
the narrow concentration of interest and wonders why the great pathologic
anatomusts of that period did not make anv attempt to clanfy the obvious puzzle
of acute lupus ery thematosus  In other words one questions how 1t was posstble
that durning the peniod from 18721924 there 1s hardlv one necropsy report on
record which foreshadows the anatomic observations of recent times I believe
there are seieral reasons which account for the peculiar sterility  foremost among
them the Jack of clear pathogenetic thinhing which 1s charactenistic for medicine
of the second part of the mneteenth century and particularly for dermatology It
had been fully understood by Raver early 1n the century that peculiar and charac
tenstic cutaneous sy mptoms might be associated with general discases © the effects
of which arc occastonally felt with far greater violence by other svstems than the
shin  This general point of view admirably expresses a concept which apphed
to 5y stemic lupus ery thematosus only gradually developed over a period of nearly
eighty vears

The influence of Hebra and his schoo! who had established the principle of
wdiopathic shin diseases was of course of far reaching sigmficance for the sound
development of dermatology based on exact observation et this accuracy of
observation of detail and even Hebra s attempt to classify cutaneous lestons ac
cording to the principles of Rokitansky s pathologic anatomy could not lead to
an understanding of the nature of cutancous maladies The general tendency
of medicine was to establish exact descriptive cntena of disease only and 1t
reframed from every attempt of interpretation of morbed phenomena It was
this attitude of mind which prevented haposi the discoverer of acute lupus en
thematosus from recogmzing its nature as a systemic malady ‘oreover em
phasis upon morphologic detail led to overspecialization and dermatology became
isolated  The interest i cutaneous diseases of the general pathologist waned and
shin pathology was separated from the bodv of general pathology  The history
of acute lupus ery thematosus well illustrates the dangers inherent n the tendency
of speciahzation 1n medicine  The lack of interest on the part of general patholo
gistsin diseases of the shin most probably accounts for the dearth of sigmificant
observations at the autopsy table and this 1n turn contnbuted greatly to the

confinement of the nosologic defimtion of acute lupus ery thematosus to a most
detailed but nevertheless superficial descriptive characterization as a shin malady
Histologic investigations were hmited to examunation of the cutaneous lesions
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“delineations ’ gives the first reproduction of the cutaneous leston (1817) Rayer,?
who apparently was also familtar with the gross morphologtcal appearance, re
ferred to the malady as flux sibacee (1837) and opposed Bateman s classification
which was subsequently dropped by Thompson,® who cdited the erghth edition
of Willan Bateman’s book  The term flre sebocee pomnted to a pathogenetic
mterpretation of the ksion by Raver, as orginating 1n an affhction of the seba
ceous glands (1626) * This is of mterest because ten years later Hebrat® applied
the same mterpretation 1 his descniption of the disease and used the term
* congestive seborthoea > In the meantime, however the vary ing charactenstics
of the drease became evident to Brett In the first edition of Cazenave s and
Schedel's" practical treatise on <hin discascs comptled 1ccording to the clinical
lectures of Biett the authors give a description which v ell conforms with that of
lupus ervthematosus  However 1t 1s mcluded among the destructive shin lesions
to which the French School apphed the term Darfre rongeante  Because of its
less destructrve character Cazenave and Schede! classified 1t as Darire rongeante
qu detruat en surface  In spite of this separation the malady 1s included with the
destructive shin lesions which had already been dassified as Lupus by Willan
Brett however must have been avare of similar shin lesions without destructrve
character because Cazenave and Schedel mentton i therr third edition an entity
called ery thema centnfuge and state categoncally 1n the fourth edition (1838)
that both mamifestations refer to one and the same malady ~ Consequently Caze
nave! simphfied the terminology and used the term Zwpus ervifumatosns i his
classical contribution in 1551

The 1dentification of the diseasc as an cntity found general appraval and the
term was soon uninversally accepted Iven Hebra who had given an excellent
description of the same disease under the term congestinve seborrhoea used the
new name 1n lus notes accompanying the plates n his Atlas der Hauthrank
heiten! which reproduce 1 an admrable veracity the morphologic charactenistics
ot the cutaneous manifestations  One 1s amazed that he conceded so readily s
term but more so, that he did not defend his pathogenetic concept which he ob
sioushy evpressed by the choice of the term congestrve scborrhoca W hat was the
reason for Hebra s acquieseenee?  Was ot mamls his conahatory attitude toward
nomenclature which he demonstrated in the preface to his Atlas with the words

never to use new names for old maladies  Was 1t in deference to the tracition
of the famous T'rench School or was 1t as Besmer and Doyon®® later mtimated the
reahzation that the term had not been created by hum but bv Raver? One can
only guess at the reasons but the fact that the term lupus erythematosus was so
quictly and unwersally accepted tends to show that medical thitking of that
period was still satished with defining morbnd entittes by descriptive character
yzation (Merhmals defimtion)  As Michelson® pomnted out the term lupus had
gradually come to be used for facral Jestons which spread centrifugally and mught
teal centrally erther with scar or atrophy The addition of the adjective erythem
atosus scemed to be adequate to separate the entity from the more common
forms of the classical Willan » lupus  Pathogenetic mquiry had fallfn mto dis
cause of the senseless speculation of the preceding peniod of Naturphilos
of bactenoloyy had not vet arrived  But when the tuberculous
Igans was established 1t was obvicush also accepted for lupus
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process wathin the dermus, the nature of the proliferating cells, therr relation to
blood vessels and to the changes of the collagen and elastic fibers However one
can only agrec with Jadassohn s'* entical remarks that the histologic findings do
not permit any conclusion as to the nature of the pathologic process  While this
concluston referred mainly to the discord forms of lupus ery thematosus 1t apphed
even more to haposi s acute lupus ervthematosus because detarled histologic
observations of the viscera were entirely Jaching and those of the shan very scarce
and apparently similar to those of the chronic cases  Thus the madequacy and
sterthity of structural mestigations could not contnibute to an eluadation of the
pathologic process  On the other hand attempts of chmcrans to interpret the
alterations of the shin organ as well as the strikang mamfestations of the systemic
di-easc were imited to meaningless generalizations such as inundation of the bods
by toxins general infection predisposing and constitutional factors  Progress of
a more rational mquiry mto the fundamental nature of acute lupus e thema
tosus was rather slow It began with the realization of dermatologists that the
cutancous manifestations are only part and parcel of a generahized svstemic
malady (Jarisch™) and with the awakening of ntcrest of mtermsts 1 the discase
Osler * no doubt was one of the first who recognized the relationship of skin
lesions {erithema) to associated visceral mamfestations although he was not
solely concerned with lupus er thematosus

When acute lupus ery thematosus began to be viewed from the broader aspect
of internal medicine the protean climcal picture began to emerge with greater
clanity and pertinent laboratory findings such as leuhopema and thrombocyto
penia were added to the diagnostic cniternia {Goecherman * Keefer and Felty )
Yet acute lupus erythematosus was still defined by clinical charactenstics only
and the time had not yet arrnved for a rational mquiry into pathogenests Con
sequently one finds 1n the reports of the first decades of the twentieth century still
the hazy notions of towicity tuberculous or otherwise (Roberts ¢ Goecherman *
Rraus and Bohac 77) embellished by fancy 1deas of hypersensitinaty (Stokes?)
ferment dyscrasta {Gennerich ?) or even that of tubercle bacllerma without
allergy (Ehrmann and Falkenstemn ** kren ® review by Gawalowsk1? Robertson
and hlander®) Animpasse had been reached from which even the most accurate
descnption of symptoms could not offer an escapc A new approach had to be
found

In 1924 Libman and Sacks® published their classical report on a hitherto un
Lnown form of endocarditis  Although the title of the article does not indicate 1t
there 1s no question that 1t contains the first sigmficant contribution to the patho
logic anatomy of systemic lupus erythematosus  Two of the cases showed shin
lesions simular to those of acute lupus ery thematosus and the description of the
general svmptomatology fits very well the diagnosis While the authors ongt
nally believed to have presented a new nosologic entity 1t was later conceded by
Libman that the chimcal course of the disease and especially the visceral mam
festations of their patients were those of acute lupus ery thematosus It 1s sig
mificant for the diagnostic uncertainty of this relatively recent period that Libman
and Sacks did not recogmze the similanty of their cases with acute lupus ery them
atosus More so however that other authors did not detect 1t exther In fact
this failure caused considerable confusion in subsequent years because the clinical
picture together with the unusual endocarditis was referred to as Libman Sacks
disease and differentiated from acute lupus ery thematosus
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and confined themselves to a conventional description of the consprcuous dermal
changes with an attempt to classify them 1ccording, to the static princeples of
gencral pathology prevailing m this period

In their carly histologic reports of the shin alterations in lupus ers thematosus
Neumann®™ and Geddings™ refer to a chronic mftammators process wathout
charactenistic features except 1ts site of ongin around sebaccous glands  Ihis
obscrvation was challenged by subsequent mmvestigators  Later studies (sce
Jadassohn'®) carried out with improved technique led to a more prectsc desenp
tion of the histologic picture 1nd consequent]y cstablished fairly accurate diag
nostc criterta Howcever none of these studies contributed to a clearer under
standing of the fundamental process responsible for the tissue alteration  Sum
manzing the reports of dermatopathologists of the preceding penod  Jadassohnt®
aptly remarks that none of these studies has clanfied the pathogcnests of the dis
ease, and this judgment contmued to apply to the mnvestigations of dermato
pathologtsts of a later even very recent, period  The frustrating inadequacy of
static morphologtc rescarch for the explanation of disease focussed the mamn
mterest upon ctiology  The impact of bacteniology upon medicine and general
pathology 1n the second part of the nineteenth century estended to dermatology
and obviously to that puzzhing malads, lupus erythematosus The fashion of
exclustvely etiologic thinhing of this persod which Rosenbach?? critically char
actenized as the era of only bacteriology (Vickts als Baktertolopze) 15 well sum
manzed m Jadassohn s'® Chapter IV on occurrence and etiologs  Atter an
exhaustive survey of the entire iterature and a careful anals sts of the prevailing
hy potheses he comes to the concluston that he cannot recogmze a constant con
nection of lupus erythematosus with tuberculosts or any other bacteral cause
and this concluston applies both to the chronic and the acute forms of the disease
Yet m spite of this refutation by a recogmzed leader 1n the field of dermatology
the tuberculous ongm of lupus erythematosus continued in the forcfront of all
discussions regarding the naturc of the discase  As late as 1934 Rell “2gamnina
critical analysis showed the fallacy of attributing etrologic sigruficance to tuber
culosis  While today the majonty of mvestigators a,ree with this paint of view
there are still occastonal publications which refer to a possible role of the tubercle
bacllus 1n the causation of the disease (Ronzans™)

PRESFNT DAY CONCEPTS

Tortunatelh however it ts generally recogmzed today that the understanding
of the nature of a disease does not depend exclusively upon the discovery of its
cause The search for mechanisms to explain the basic alterations of form and
function of the bodv charactersstic for a disease has become the principle of
mvestigative thinking i modern medicine

It mught be of interest to trace the evolution of this heunistic concept 1n the
tistory of lupus ery thematosus  Raver s and Hebra 5 origmal contention that
the discase begins with an anomals of the secretion of the sebaceous glands sceme:jl
fir t to be supported by the early histologic investigations of Neumann an
Geddings  Lhus 1dea howcver became untenable when it was shown that ;ula.{

eous Jesions occurred 1 shun areas free of schaceous glands such as in the palmo
nh hands and on mucous membranes  Subsequent dermatopathologi studies
;de:le(; many diergent details regarding the exact pnmars site of the pathologic
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was nterpreted as moditied ground substance It was stressed that the visible
alterations were the mamfestations of a change mn the colloidal state of the inter
cellular substances and the hypothesis was offered that phy sicochemical changes
may occur without detectable structural alterations  Such a possibility could
account for those observations in which the pertinent lestons were mimmal or
even absent
Trom these observations the conclusion was reached that svstemic lupus ey
th was defined ally by a systemuc alteration of the connective
tissue especially of s extracellular comy The consf fibnnod
changes of the connective tissue were regarded according to the classical obserya
tions of \eumann * as degeneration of the collagenous fibers However 1t was
recogmrsd at that time and subsequentl) stressed that fibrinoid alteration of the
[ tissue 15 mcompl derstood This structural alteration reflects
a disturbance of the phy sncuchemxcal state of the intermediate substances of th~
connective tissue It does not necessarily denote a state of inferionity 1n a biologic
sense of the connective tissue fibers and should not be designated as fibninoid de
generation In fact, 1t has become ewvident in recent years that the substance
referred to as fibrinord deserves far more searchinginquiry It cannot be accepted
that 1t derives only from collagen fibers m many nstances 1t 1s a deposition of
dafferent proteins between or upon the collagen fibers  The sclerosing changes of
the connective tissue deserve also far more scrutiny than they have recenned so
far  These are problems which lead into an inquiry 1nte the chemical and physical
constitution of the ntermediate substances and the factors which control their
plastiaty under normal and abnormal conditions Such questions cannot be
solved by morphologic investigation alone but they have been provokhed by mor
phologic observations
Returming to the discussion of sy stemic lupus ery thematosus 1t was recogmazed
that fibninoid or sclerosing connective tissue changes had been observed in rheu
matic fever as well as in generalized scleroderma Thus 1t was apparent that
obviously heterogeneous diseases had 1 common a systemic alteration of the
extracellular components of the connective tissue But this common seat of
anatomical alteration did not necessanly mean identity of pathogenesis This
pomt of view was supported by the recogmtion of clear cut differences mn the most
characteristic organ lesions 1 these maladies  Thus the conspicuous wire loop
lesions and hyahine capillary thromb of the glomeruli 1n svstemuc lupus ery them
atosus had never been observed m rheumatic fever while Aschoff bodies were
never found 1n systemuc lupus erythematosus Only 1n one case of generahzed
scleroderma (Pollack 1940), were glomerular changes observed and fibrinoid endo
carchal lesions 1dentical with those of acute lupus erythematosus while no other
case Investigated at that time and subsequently presented a simlar picture A
recent re-examunation of this 1solated case showed the pathognomonic feature of
hematoxylin bodies which were never observed in any other case of our matenal
of generahized scleroderma  In the light of these recent studies 1t can be concluded
that the case reported by Pollack represents a comaidental combination of syvs
temuc lupus erythematosus and generahzed scleroderma
1t was repeatedly stressed by us that it would be erroneous to 1dentify discases
with one another because they share the site of anatomical alterations By sug
gesting the term diffuse collagen diseases we*? unwittingly became responsible
for a deplorable usage of this term as a collective diagnosis for those puzzhing
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The confuston wasclarified by the contributionsof Belote and Ratner % hal#and
espectally subsequent papers of Libman 3 The latter cmphasized that cutancous
lestons need not be conspicuous and might even be absent 1n the syndrome and
consequently frowned upon the diagnostic term acute lupus ery thematosus
However Hebra aiready had resigned himself to the use of Cazenaves term
although he was aware that the name was not vory well chosen  After all terms
do not matter if there 1s comprehension attached to them, which 1s clearly shown
by the rccent development of diagnostic critena for sy stenme Jupus ery thematosus
Libman and Sacks® certasly deserve credit for having broadened the descriptive
characterization of systemtc lupus erythematosus by discovermg one of the
pathologic anatomic lestons of the disease A perusal of their microscopic de
scription reveals that they had also observed certain histologic changes such as
penarterial follicular sclerosis of the spleen* and the presence of hematoxy lin
stamed bodies m the endocardial yvegetations which were destined to play an
important role In subscquent pathogenctic interpretations 7The specificrty of
these hematoxy lin stamed bodics for the endocardial vegetations n acute lupus
ery thematosus was later estabhished by Gross™ (1932 and 1940) and therr occur
rence in other organs (vmph nodes and kidneys**) by Ginzler and Fox 0 sub
sequently by Klempcrer Tollack and Bachr ¢ (1941) and agamn by Rlemperer
Gueft Lee, Leuchtenberger and Pollister® (1950)  While Libman and Sachs
and Gross # (1940) had concentrated thor pathologic anatomuc nvestigations
upon the heart, Bachr Kiemperer and Schifrin # myestigating the other organs
m systemic lupus cry thematosus obscry ed consprcuous vascular Jesions whrch had
hitherto escaped recogmition  Not fully satisfied with a mere descriptive char
acterization of the pathologic anatomy of acute Jupus ery thematosus they ex
pressed the belief that the assoctation of changes in the serosal coats endocardrum
blood vessels and synovial membranes pointed to the endothehial cells as the site
of primary attack of a nova m a broad sense  heil® also saw 1n vascular lesions
the fundamental principle of the pathogenests of systemic lupus ery thematosus
and formulated a vascular concept of the discase

In the Light of subsequent mvestigations these pathogenctic generalizations
have become untenable Upon observation of new and re examination of old
cases Klemperer Pollach and Baehr' found that a significant number showed
conspicuous and systemic alterations of the extracellular components of the
connective tissue  The most conspteuous feature of these changes was hbrinoid
alteration of the collagen fibers and periartental sclerosts of the spleen  Since
connective tissue 1s a constituent of all organs of the body sts svstemuc implication
explamned the apparently heterogencous mvolvement of numerous organs as i
had been observed in previous mvestigations Morbid states of the shin the
heart the vessels serous membranes and joints could all be reduced to the com
mon denommator of an alteration of the connectsve tissue spectfically of 1ts ex
tracellular comp it was 1 that the h ground sub
_tance was also affectcd because the abnormal fibers were glued together and
becau ¢ the glomerular wire loop changes could not be regarded as fibrmoid altera
n fibers but rather as a change of the basement membrane which

tion of collage
Lefle 1n 1928 recorded an sdentical observation  Hr case showed conspicuous yessel changes
which he re.arded as penarterttis nodosa
T umiatschek 4nd Rettner! apparentl
~umscribed loop necroses of toxic angin

v had seen stmilar lestons and referred to them as af
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be further ady anced before we should approach the question of their pathogenesis

As far as acute lupus ery thematosus 1s concerned pathologic anatomic reports
subsequent to our publication 1n 1941 mostly confirmed our observations (Rahoy
and Tavlor® Teilum® Yoldes®)

However, 1t became evident tome that the pathologic anatomic defimtion was
madequate particularly from a diagnostic pownt of view It had been recogmzed
that not every case of the disease showed the pathognomomic cardiac renal or
vasculat lesions  VMorcover the differentiation from other diseases showing fibn
notd vascular alterations was equivocal (Mallory,® Rich % Bauer, Kulka and
Gransiracusa®)  The penartenal spleruc sclerosis was observed though ravely,
m other morbid conditions (haiser®) and not persistently found n syvstemie
tupus erythematosus  Chimeal investigators {(Coburn and Moore®) pomted to
¢ the strihing disproportion between the extensiveness of the clinical mamfesta
tions and the pauaty of histological lesions  and suggested * that the disease
process was primarily one of altered physiology which could best be studied n
wivo  While such statements revealed a misconception of the role of structural
imvestigations 1n the mquirny mto the nature of disease they stimulated a scarch
for additional critena 1n the post mortem diagnosts of systemic lupus ervthema
tosus

In 1941 we had called attention to the fibrous pericardial adhesions which often
have a stnkingly thick, gelatinous succulent appearance Low Logan and
Rutherford ¢ and Mook Weiss and Bromberg % referred to edematous fibrous
tissue 1n the greatly thickened epicardium of their cases The development of
reliable staining methods for mucoproteins led me to remmvestigate several hearts
of new cases of lupus ery thematosus and the presence of large amounts of meta
chromatic substance was noted within the widened septa of the myocardium and
also withm pencardial adhesions % Subscquent examinations by Dr Lee in our
1aboratories showed that the staymng reaction was abohshed by preceding treat
ment of the section with bull testis hyaluromdase A differential determination
between hyvaluronic acid and chond Ifate was not acc lished because of
the lach of potent streptococcal enzyme  These observations which were also
made m sections from retroperitoneal tissue supported the thesis that the inter
mediate substances of the connective tissue m their totahty are implicated 1n
systemic lupus ervthematosus  Yet they did not add a further pathognomonic
feature because tn rheumatic fever metachromasia 1s also found 1n and around
Aschoff nodules and even nonspecific granulation tissue 1s rich 1n this material

In the meantime observations of 4 new cases drew our attention to the possible
sigmficance of the hematoxylin bodies ongmally described by Gross 3 and
Gmzler and Fox *° as a diagnostic enterion  In 1950 we® reported that in 32 of 35
cases of acute lupus erythematosus these charactenstic tissue lesions had been
found  Since this report has been presented 12 additional consecutive cases were
evamined and hematoxylim bodies were found in every one and not only m one
site but 1n many organs * These mvestigations were carried out by Drs Gueft
and Laufer and will be published shortly  The conclusions drawn from our pre
vious studies were fully confirmed and amplified by the study of these tnelve new
cascs

Two of these cases had been treated with cortisone one of them for a pertod of one and
one half years Both ca es did not differ from the untreated ones
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maladies which we had tned to differentiate by rational pathoenetic mycstiga
tion  When we proposed the term we wanted only to call attention to the sig
mificance of sy stemic alterations of the connective tissue tn certam maladies It
was repeatedly pomted out by us that it was the mm of further mvestigations to
disclose the basic factors responsible for aberrattons of the structure of the col
lagenous tissue 1n order to difine the diverse morbid entitics which constitute the
group collectively termed collagen discases It was necessary to stress that the
very changes of the mtermedrate substances of the connective fissuc deserve far
more searching mguiry than they had recenved so far
V¢ had not been the first who had called attention to svstemuc connective
tissue imphication and who had recogmzed its sigmficance for pathogenetic nter
pretation  Rhinge® in 1933 masterly described the diffuse myolvement of the
connective tissue in rheumatic fover and rheumatoid arthntis  He called atten
tion to the fibrinord connective tissue changes and to the ms xomatous swelling
of the ground substance and recogmzcd that these changes were of fundamental
mmportance for the genesis of the rheumatic distases  But he did not recognize
the completty of these tissuc alterations Instcad of a patemt analysis of the
morphologic changes he singled out the fibrinoid tissue damage as the basis for
Tus biologic anatomic synthests which should explain the pathogenesis of rheu
matic diseases  According to lum and those who followed htm fibrinoid connec
trve tissue changes were the mamifestations of hyvperscnsitnaty - Consequentls
all malacies characterized anatomicalty by such changes were supposed to be of
an allergic bachground  The general terms rhenmatic, allergse or pararhcumatic
were apphied to denote the pathogenetic 1dentity of ail these maladies  Obvioush
acute lupus ery thematosus would belong to ths colfecttve group and subsequent
to our pubhcation m 1941 many renowned mnvcstigators have advocated an al
lergic etiolagy for the diseasc because of fibninowd connective tissuc alteration
For several reasons we refused to accept the thews  Iirstly our chnical obscria
trons had not revealed any of the conventional sy mptoms and laboratory findings
of hyperscnsitivaty sccondly we were aware that local fibrinoid connectnye tissue
change was frequently observed m situations m whuch allergy could detmtely be
ruled out and well defined other causatry e factors be found such as enzy me action
ctc  But bevond these reasons we felt that to accept the allergic hy pothests meant
only to explain an obscure structural alteration by an equally obscure patho
genetic mechamsm We believed that an mordmate preoccupation with imme
diate cause would shut the door to an analvsis of the nature of the connective
nissue damage m all these puzzling dicea es
QObviously mnvestigations of tissue changes in disease cannot remarn at the level
of mere description  They must be finally directed at correlating structural
alterations with aberration of function But nvestigations m anatomie pathol
ogt aim primarnily at a comprehension of the phystcal and chermucal factors re
sponstble for visible changes ot structure Such 1y estigations rest upon an exact
Lrowledge of the normal  An analvas of the alterations of the intermediate
substances 1 disease had to be founded upon adequate knowledge of thewr normal
states When we suneyed the evisting state of iformation regarding the inter
mediate substances of the connective tissue w¢ became aware of a senous inade
of our hno sledge of facts  Since these problems have been presented by
quacz‘l recently 0 I shall not enter into a further discussion W e believed that
zzsn)mm the conststutton and biology of the itermediate substances had to
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Fro 16 —Coarse rerrucous endocardiis  Vegetation with large aggregate of hematosylm
stamed bodtes (X 120) RKlemperer ez al Arch Path)

F1o 17 —Large aggregates of hematotyhn staned bodses in a sius of a necrotic tymph node
(X 120) (klemperer ef al Arch Path)
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Summanzing the hematoxy hn stained bodies occur mn larger aggregates mainly
1n the endocardial vegetations (Fig 16) and i lymph noedes (Fig 17} Smaller
collections and single free bodies with identical tinctonial quahities are found with
1n the renal glomeruls, vascular wall of many organs and widely distnbuted in the
connective tissue at vanous sites  (Plate I) The bodies were scen in a high
percentage of the cases n our first serics and never mssed m the second
group of twelve consecutive cases  While 1n the first senes hematosyhin stamed
bodies were found 1n two or more organs mn 24 of the 35 cases they were identified
m most of the organs m each case of the second senics

The study of vanegated control matenal including cases which have been
regarded as related for climceal or pathologic anatomic reasons did not reveal
similar lestons  The ovary proved to be an excellent organ for such control
studies because within the wall of blood vessels in this organ the charactenstic
bodies could be easily found after short examnation 1n sy stemic lupus ery thema
tosus while intensive and prolonged search did not reveal them i other maladies
From these observations 1t can now be concluded that the hematoxylin stamed
bodues are the pathognomonic criterion for the post mortem diagnosis of sy stemic
lupus ery thematosus

About the same time these autopsy studies were made, Hargraves Richmond
and Morton® independently made their important discovery of the lupus ery
thematosus cell in the bone marrow of patients suffering from systemrc lupus
eryvthematosus  Their findings have been confirmed by an ever increasing number
of investigators and the speaifiaaty of the lupus ery thematosus cell found in the
bone marrow as well as in the circulating blood (Sundberg and Lick¢ ) has been
fully established Thus a vahd critenon has been found for the diagnosts of svs
temic lupus erythematosus 1n the Iving *

With these contnibutions accomphished by the methods of morphology the
efforts to reach an unequivocal defimtion of systemic lupus ersthematosus by
descriptive characterization have reached their conclusion  The time has now
arnved to enter 1nto a rational inquiry mto the pathogenesis of the disease and to
explore the possible mechanism by which the structural alterations are provoled
and to explain the stnking and unique clinical symptoms of the disease

With the observation of generahzed alter itions of the intermediate substances
of the connective tissue m systermic lupus 1t was recogmzed thit their patho
genetic significance should be investigated It was evident that such mnvestiga
tions would not directly attack the specific problem of sy stemic lupus ery thema

tosus because explorations of so wide a scope required the corrclation of facts
established by fundamental research as well as by careful observations of medical
mvestigators  Obviously the perplexing question as to the nature of the inter

mediate substances and their implication 1n disease could not be himited to an
mquiry 1nto the tissue changes 1n systemic lupus ersy thematosus  But 1t could
be anticaipated that a greater msight into the biology of the connective tissue would
enlighten our understanding of sy stemic lupus ery thematosus and that conversely
persistent analysis of the morbid features of this disease mught provide some clue
for the solution of the more umversal problem  While m our laboratones mves

tigations were carried out on the influence of hormones on the deposition of ground
substance n the chick comb and m the orbit of the guinea pig and while the ever

Cortisone 1nd ACTH treatment mnfluenced the number of & the
id not cause their complete disappearance upa onythematosus celh but
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D\ A depolvmerization apparent from our mvestigations of tissue lesions and
bone marrow aspirates in svstenuc lupus erythematosus  Studies to clanfy ths
question are at present carried out bt Drs Lec and hurmch
It has previounly been stated that the exploration of the nature of the hema
toxyIin bodies and of the mechanism of therr formation seemed to bear no relation
to the problem of the stnking alterations of the mtermediate substances of the
connective tissue m systemic lupus erythematosus  Recent mnvestigations of
the glomerular and vascular lesions of a number of such cases seem to establish
an interesting relationship between these apparently heterogeneous morbid tissue
mamfestations In 193> Baehr Klemperer and Schifrin® called attention to
hyvaline thromb: within glomerular capillaries n association with the <o called
wire loops (F1g 1A of the article) In 1941 we again recorded this ob ervation
(Fig 6B of this article) and stated that the hyaline thrombi stained 1dentically
with the substance of the glomerular wire loops  Upon examination of new mater
1al 1t was noted that some of the hvaline thrombi stained with hematovihn
eosin showed smudged particles famntly staining with hematovyhin - Feulgen
reaction of these particles was positive  Since there were transitions found from
tvpical hematoxylin bodies to the eosinophilic hvaline thrombi 1t was behesed
that the latter were derived from the former The hematoxy lin boches are nucleo
protems contaimng depolvmenized DNA  From our observations 1t 15 suggested
that progressive depoly merization of the DN\ A may lead to a complete decompost
tion of the DN\A and that the hvaline thromb: mav consist of the residue of the
broken down nucleoprotein  The protem moiety 1s formed by histone and a non
hustone protem contaiming tvrosme and tryptophane (Mirshy and Pollisterts)
The hvaline thrombi are digested by trypstn they are \Dllon positine stamn
deeph with fast green and bnlhantly with orange G of Mallory s trichrome muix
ture  Recently White®® reported that purnfied histone has a great afimty for
orange G The protemn nature of the hyalne thrombt as evidenced by the histo
chemical tests supports the deduction that thev are dernved from a progressive
breakdown of the more complex nucleoprotemn  They are P A'S positive even
after trypsin digestion and might therefore contam additional carbohydrates
Hyalme thrombt sometimes with a famnt hematovylin tint are also seen outside
the glomeruli within the mtertubular capillanies and hematoxvlin bodies of vary
g intensity of hematoxyhn stain are frequently seen 1n blood vessels
From these observations and the findings of lupus ery thematosus cells i blood
smears (Sundberg and Lick®) 1t might be assumed that free nucleoprotemns n
varous stages of decomposition are crculating within the blood of patients with
systemic lupus erythematosus This 1s protem which 1s foreign to the normal
blood protems It 1s now interesting to refer to our previous statments that the
hyahne thrombr stain identical wath the glomerular wire loops and that the latter
are digested by trypsin  This observation was fully confirmed by recent examna
tions  The tinctonal behavior has led us (1941} to consder the wire loops as
consisting of fibrmord matenal The fibrmoid matenal i larger vessels 15 fre
quently associated with hematoys I stamned bodies with varying mtensities of
the hematoxylin tint
From these observations 1t might be concluded that the fibrinoid materal in
glomerular capillaries and in the vessel wall 15 denved from a progressive break
down of nucleoprotemns and represents histone and other protemn residues which
mmpregnate the vessel wall  Since the process of DNA depohvmenzation 1s
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increasing hterature on the complex problem of the connective tissue was care
fully integrated the recogmtion of the diagnostic significance of the hematoyy hin
bodies 1 sy stemic lupus ery thematosus arrested our attention It occurred to us
that this structural alteration should be cxplored for its pathogenetic sigmficance
although 1t seemed to bear no relationship to the intormediate substances of the
connective tissuc By appropriate ¢y tochemical studies 1t was found that the
hematoxvhin bodies contammed depolymenzed desovynbose nucleic acid (DNA)
and 1t was concluded that one of the pathogenetic factors of svstemic lupus
ery thematosus was a dicturbance of DN A mctabolism At the same time it was
recogruzed that the charactenstic inclusions of Hargraves Iupus en thematosus
cells bore a close resemblance to the small hematoxshin stamed bodics 1n the
tissuc {Tig 18) Drs Tec Michael and V ural® cxamned thercfore bone marrow
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Fic 18 —Section of pleura (H E) showung a polymorphonuclear lewcocyte with a lare
spherical incluston  The imilaraty to Hargrases L I cellt striking

aspirates ot lupus patients math the same photometne methods which had pre
viously been applied to the study of the hematox Iin staimed bodies in tissues
They found a aimilar increased ratio between optical density of Teulgen staned
and methy Igreen staincd inclustons compared with the respeciive opticat densities
of normal cells It was concladed that the wclusions of Hargraves lupus ery
thematosus cells are optically and chemcally 1dentical with the hematoxyhin
stamed bodies These disclosures are of nterest because Haserich and Bortz ©
and Hargraves® have shown that blood plasma of lupus patients contains a factor
whuch 15 capable of mduang the production of lupus erythematosus cells iro;In
normal bone marrow cells  Haserich® succeeded 1n localizing this factor 1n the
gamma globulins by electrophoretic protemn separation  Thus factor »s antggflmc
and rabbuts wnjected with gamma globulins of lupus patients develop ar;;x 01 IE:
ble of preventing the lupus ervthematosus plasma phenomenon {Haseric)
Zi’;al,c\\b“) Tt 15 suggestrve that this plasma factor might be reiated to the
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D\ \ depolymenzation apparent from our investigations of tissue lestons and
bone marrow aspirates in svstemic lupus erythematosus  Studies to clanfy this
question are at present carried out by Drs Lee and Rurmch

1t has previoushy been stated that the evploration of the nature of the hema
toxy n bodies and of the mechanism of their formation <cemed to hear no relation
to the problem of the stnking alterations of the intermediate substances of the
connective tissue 1n systemic Jupus enthematosus  Recent myestigations of
the glomerular and vascular lesions of 2 number of such cases seem to establish
an mteresting relationship between these apparently heterogeneous morbid tissue
mamfestations  In 193> Baehr, Rlemperer and Schifnin® catled attention to
hyvahne thrombi within glomerular capillaries 1 association with the so called
wire loops (F1g 13 of the article) In 1941 we agam recorded this obsernvation
(Fig 6B of this article) and stated that the hvaline thromb stawed 1dentically
with the substance of the glomerular wirc loops  Upon examination of new mater
1al 1t was noted that some of the hvaline thrembr stamed wath hematoxihin
eosin showed smudged particles famntly staming with hematoxslin - Feulgen
reaction of these particles nas pesitive  Since there were transitions found from
typical hematowshin bodics to the eosmophilic hyaline thrombr 1t was beleved
that the latter were derived from the former  The hematoxs lin bodies are nucleo
proteins contamning depolymerized DN I'rom our observations 1t 1> suggested
that progressive depols menzation of the D\ A mav lead to a complete decompost
tion of the DN\ A and that the hvaline thrombi mayv consist of the residue of the
broken down nucleoprotein  The protein motety 1s formed bs histone and a non
histone protein contaming tyvrosine and tryptophane (Mirshy and Pollisterss)
The hyvaline thromb: are digested by trvpsn they are Millon positive stain
deeply with fast green and bulliantly with orange G of Mallory s trichrome mix
ture Recently White® reported that punfied histone has a great affmity for
orange G The protein nature of the hyaline thromb as evidenced by the husto
chemucal tests supports the deduction that they are denved from a progressive
breakdown of the more complex nucleoproten  Thev are P A4S positine even
after trvpsin digestion and rght therefore contam additional carbohy drates
Hyaline thromb sometimes with a famt hematoxylin tint are also seen outside
the glomerult within the intertubular capillaries and hematowlin bodies of vary
ing ntensity of hematoxylin stam are frequently seen 1n blood vessels

From these obeervations and the findings of lupus ery thematosus cells n blood
smears (Sundberg and Lack® ) 1t mught be d that free nuclkor m
vanous stages of decomposition are circulating within the blood of patients with
systemic lupus erythematosus This 1s protein which 1s foreign to the normal
blood protems It 1s now interesting to refer to our previous statments that the
hyaline thrombi stain 1dentical with the glomerular wire loops and that the latter
are digested by trvpsin - This observation was fully confirmed by recent examina
tions  The tinctonal behavior has led us (1941) to consider the wire loops as
consisting of fibnnoid matenal The fibnnoid matenal n larger vessels 1s fre
quently assocated with hematotwy hin stained bodies with vary ng intensities of
the hematoxilin tint

From these observations 1t might be concluded that the fibrmod matenal in
glomerular capillanies and 1n the vessel wall 1s denved from a progressive break
down o nucleoproteins and represents histone and other protemn residues which
wnpregnate the vessel wall Since the process of D\ A depolyvmenzation 15




64 PATHOLOGY OF SYSTEMIC LUPUS ERYTHEMATOSUS

specific. for systemic Jupus ery thematosus, 1t 1s yustified to belteve that the end
product found impregnating the vessel wall 1s also charactenistic  In other words,
it 1s suggestive that the fibrinoid m lupus speaifically consists of the break down
products of nucleoproteins, while fibrinord occurning in other diseases 1s a different
protem Fibrinoid as observed 1n vanous pathologic conditions 1s neither struc
turally nor chenucally will defined and similanties of stamming reaction wath the
conventional histologic techmques do not denote identity It 1s obvious but must
be stressed that the tentative conclusions as to the naturc of ibnnotd 1n systemic
lupus ery thematosus do not rest solely upon one stamming reaction but are inferred
irom the results of systematic histochemical inquiry  The hustologic analysis
suggests that the fibnnoid matenal within glomerular capillanes as well as n the
wall of arteries 1s derived from local brealdown of nucleoproteins It can not yet
Le stated whether this decomposition 1s mtiated by a factor acting upon the
DNA or upon the protein motety of the nucleoprotemns  The question, whether
estravascular deposits of fibrinowd are due to a simular local mechanism or due to
the preapation 1 sthin the connective tissue ground substance of arculating free
products of the onginal nudleoprotems has not yet been deaided  Not infre
quenthy, small foar of fibrmoid deposits withm the myocardium are assocrated
with the presence of many free hematoxvhin bodies obviously dernved from
accompamymng mflammatory cells  On the other hand I have observed extensive
deposits of fibrinord material on the endocardial surface without much evidence
of local cell accumulation and nuclear decomposition  This question must await
clanfication by further histologic analysis such studies are at present carried out
by Drs Gueft and Laufer
T'rom the review af the pertment iy estigations of systemic jupus ety thematosus
1t seemns yustified to conclude that the diagnostic entenia of the malady are today
fully established both m the hiving patient as well as post mortem Do the avail
able data permut a conclusion as to pathogenesis? It seems evident that the pertod
preceding the recogmtion of the charactenstic morphological lesions did not con
tribute any satisfactory clue as to cause or mechamsms of the morlnd state  Itis
of historical interest only that Gruetz™ speculated about a mesenchy mal mferior
ity 2s the underlying pathogenetic prinaple because 1n his opimon mflammation
played only a mnor role i the shin lesions  However Denzer and Blumenthal™
commenting on a case which showed classical autapsy findmgs suggested that
mesenchymal structures 1n general may be affected by the unknown underlying
cause This mesenchymal mmplication might compromuse the organism s
capacity for the production of antibodies and thus explan the susceptibihity of
the patient with lupus erythematosus drsseminatus to mtercurrent mfection
A simlar idea 1s exp e.sed by Long and Aegerter 7 who bebeve that all the derrva
tives of the primutne mesenchyme the mesenchvmal defense unit not only the
fibrous connective tissue are affected m sy stemic lupus ery thematosus  Long and
Aegerter take 1t for granted that the hbroblasts produce collagen and that any
lesion of collagen structural or functional therefore denotes a morbid state of
the fibroblasts I bave repeated!s stressed that the alteration of the mmtermediate
substances of the connective tissue (for brevity s sahe referred to as collagen}
de.erves more searching inve.tigation The principles of cellular pathology cannot
be applied to di eases charactenzed by alterations of the intermediate SUbSIafnC}fS
until 1t has been demonstrated bevond any doubt that thet are products of the

fibroblasts only

No doubt hypersensitivity 1S today the most popular explanation of the patho
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genesis of svstemic lupus ery thematosus  This hypothesis rests mamly upon the
obsenvations of fibnmord connective tissuc lesions i post mortem matemnal
although the elcvation of the gamma globuhns (Coburn and Moore 7 Walker
Sheldon and Benditt™) and nowaday s the beneficial effect of cortisone and ACTH
on the course of the disea e are quoted 1 support (Studer™  Telum™ regards
the penartenal splemc fibrosis and the glomerular wire loop lesions as expressine
of an allergic hyperglobulinows 1 do not want to repeat my reasons for not
accepting the thess that fibninod alteration of connective tissue m human diseasc
15 pathognomonic-for hypersepsitivity s long as fibnnoid alterations were the
essenttal morphologic findings m svstemmic lupus ery thematosus, their patho
genetic imnterpretation as allergic was per ble  Prop of the hvpoth
could justly mamntam that no better alternatnve explanation was suggested by
the opponents Today howeser, the adherents of the hy persensitivity theory are
confronted with new facts which contradict tharbehef  The lupus en thematosus
cells hve not been found 1n other conditions than systemc lupus ery thematosus
and the same holds for the hematoxylin bodies 1n tissues  Special search was
made for these cntenia in diseases with allergic background such as polyartentis
nodosa acute and chronic glomerulonephntis and other conditions  The findings
of these entera 1 systemic lupus ery thematosus differentiate this disease from
those winch have generaily been accepted s * aflergic’ diseases  Morcover
recent observations have shown that the speafic breakdown of nuclcoprotemns
systemic fupus erythematosus results m the deposition of fibrinoid matenial
glomerular capffanes and artenial walls It 13 obvious that fibrmod i other
morbid conditions which are not distingwished by the same metabolc alteration
must be of a different nature These ohservations led me to the conclusion that
the hvpersensitivity hypothesis does not apply to systermic Iupus ery thematosus
Winle no complete theory can yet be offered to explan the pathogenesis of
systemic lupus erythematosus the recent disclosures of morphological investiga
tions have at Jeast opened a new avenue for rational inquiry into the nature of
the morbid process  Hasenick s discovery of a factor m the blood plasma respon
sible for the formation ot lupus erythematosus cells 1 conjunction with the
demonstration of DN A depolymenzation n sy stermic tupus ery thematosus suggests
a search for the mechanism of action of this factor  According to recent mvestr
gations™ Haserch s T IU factor seems to function as an mactivator of a desoxy
ribonuclease inhibitor normatly present wathin polymorphonuclear leucocytes
The L T factor penectrates the cell membrane reacts sith the miubitor and thus
the normally present desovy nbo nuclease 1s free to attach the chromatm
Whether the factor actually destroys the inhibitor or merely unmites with it has
not vet been worked aut - The demonstration of progressive breakdown of nucleo
protems m tissues makes a scarch for the final products such as hustones and
nucleotides 1n the plasma and unne of the pabent advisable  Such studies are
now beng carned out by Lee and Fresco 1n our laboratones
Summanzing the recent advances which have been made in the understanding
of systermc lupus erythematosus 1t can be stated without hesitation that the
progress 15 mamly due to morphologic nvestigations * Ne doubt the chmcal
In 1 re ent pre entation
12 12738 S E Fiontem and Bien Clue repons b e pantens o1 Sen s 190 Series
patient with systemie lapus erytherratosu which was found capable of reproduaing the L F
‘eﬂ plhm()mtnm i vitro - A human volunteer (the patient s husband) njected repeatedly with
ormal n mactivated virus developed a ising titer of neutrly my antibody  Thi serummnh.br od

the L E cell phenomenon when muxed with the patients  erum or virus
5
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speaific for systemc Jupus ey thematosus, 1t 1 Justified to beleve that the end
product found impregnating the vessel wallss also charactenstic  In other words
st 1s suggestive that the fibninoid i lupus spearfically consists of the break down
products of nucleoprotems, while fibrinawd occurnng m other diceases 1s a different
prater Fibrnoid as observed m various pathologic condittans 1s neither struc
turally nor chemically well defined and sumlanties of stamung reaction with the
conventronal ustologie techmques do not denote identity It 15 obvious but must
be stressed that the fentative conclustons as to the nature of fibrinoid 1n systemic
lupus ery thematosus do not rest solely upon one stamning reaction but are inferred
from the results of systematic histochenmcal mquiry  The lustologic analysis
suggests that the fibrmoid material within glomerular capillaries as well as in the
wall of arteries 1s derived from local breahdown of nucleoproterns It can not vet
Lc stated whether this decomposttion 15 imtiated by a factor acting upon the
DNA or upen the protein moiety of the nucleoproteins  The question, whether
extravascular depostts of fibninoid are due to a simular local mechamsm or duc to
the precipation within the connectrve tissue ground substance of circulating free
products of the ongmal nucleoprotems has not vet been decided Not infre
quently, small focr of fibnnord deposits within the myocardium re agsotiated
vith the pre.ence of many free hematovylin bodies ohvicusly derved from
accompany ing inflammatory cells  On the other hand I have obscrved extensive
depostts of fibrinoid materal on the endocardial surface without much evidence
of local cell accumulation and nuclear decomposition  This question must await
clarification by further histologtc analysts such studies are at present carricd out
by Drs Gueft and Laufer
From the review of the pertient investigations of sy stemic lupus ery thematosus
1t seems Justihed to conclude that the diagnostic cntena of the malady are today
fully established both n the Iiving patient as well as post mortem Do the avait
able data permut a conclusion as to pathogenests® It seems evident that the perd
preceding the recognition of the characteristic morphological lesions did not con
tribute any satisfactory clue as to cause or mechanisms of the morbad state  Itis
of historical interest only that Gruetz™ speculated about a mesenchy mal inferior
1ty as the underlying pathogenetic principle because mn his opinton mflammation
played only a mmor role 1n the slun lesions  However Denzer and Blumenthal®
commenting on a case which showed classical 1utopsy tindings suggested that
mesenchymal structures i general may be affected by the unhnown underly mg
cause  This mesenchvmal mmplication might compromuse the orgamsms
capaaty for the production of antibodies and thus explam the susceptibihity of
the patient with Jupus erythematosus dissemmnatus to intercurrent infection
A sirmiar idea 15 expres ed by Long and Aegerter 7 who believe that all the derna
tives of the primitive mesenchvine the mesenchymal defense umit not only the
fibrous connectitc tissue are affected m systemic lupus ery thematosus  Long and
Aegerter take 1t for granted that the fibroblasts produce collagen and that any
lesion of collagen structural or functional therefore denotes a morknd state of
the fibroblasts I have repeatedly stressed that the alteration of the intermediate
substances of the connective tissue /for brevity » sake referred to as collagen)
rves mote searching i cstigation  Lhe principles of cellular pathology cannot
be applid to diseases characterized by alterations of the mtf:rmedx:m[:i subst:}n‘cﬁ:
until 1t has been demonstrated beyond any doubt that they are products ol

fibroblasts only
No doubt hy persensitivity 2
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prcture has been more clearly defined and some new chemrcal laboratory data
have been revealud by electrophoretic protun partition and by determnation of
the hevosarmnes  However the sigmificance of these obscrvations for the under

standing of the nature of the morbid process has not vet been danfied  On the
other hand the discovery of the charactenstic lupus ery thematosus cell 1n bone
marrow aspirates bas secured the diagnosis in the iving while the recogmition of
the hematoyvyIm stained bodies as a constant clement of the histologic findings
1n tissues has established a criterion for the post mortem diagnosis  These criterra
have removed the uncertamty whach until recently was attached to the diagnosis
and has becn responsible for the nddle of the malady  These results alone would
alrcady have been of great importance  However they have been only the start

sng point for further nvestigations into the mechantsms which are responsible for
the.e structural alterations  The discovery of an antigenic factor ressding wathin
the gamma globulins and the recogmtion of profound changes m nuclcoprotemn
metabolism point the way to further nvestigations of the blood protems and thewr
relation to changes of the intermediate substances of the connective tissue  The
disclosures which are the result of systematic research of sy sterme lupus ery thema

tosus may thus become of more general importance
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THE DIAGNOSIS OF FUNGUS INFECTIONS WITH PAR-
TICULAR RLICRENCE TO STAINING METHODS

By AtscrT M Ruevan MD PrD

INTEREST 1n medical mycology 1s reavahening  The recent literature shows a
sudden efilorescence of case reports of systemic fungus infecttons which were
previously considered rarnities  This 15 not due to a sharply increased ncidence
but rather to an mncreased awareness of these formerly obscure conditions The
my coses have not become more common, mformation about them has

Bactenologists and pathologists Ining i an age of speciahization, nowadays
are expected to be able to recogmze and identify fungus infections  Their interest
m this field 1s therefore, entirely practical The recent pubhcation of several
good books on medical mycology has been of great help 1-* As further evidence
of the renewed interest 1n mycology one may note the ever mcreasing number of
evpermmental studies undertaken by those with no special tramng m this field
The recent recogmition of the high incidence of mycotic pulmonary disease 1n
certain endemic areas of the U S has compelled the attention of chmcians to this
problem* In Southern Califormia for mstance primary pulmonary cocadioido
mycosis 1s exceedingly common It mimicks other acute respiratory diseases
closely Pulmonary histoplasmosis 1s another disease endemic 1n the Mississippt
river vallev and the plains states which complicates the problem of diagnosing
lung disease A majonty of individuals living 1n this area contract the disease
(usually asymptomatically) at some time 1n their hives

The mycoses like tuberculosis show a particular predilection for the lungs
There are many tesemblances to tuberculosis chmeally pathologically and ym
munologically Indeed this distinction 1s often quite difficult Other chrome
lung diseases such as neoplasms are mumiched  The competent mtermst has no
choice but to equip himself with a working knowledge of how the my coses can be
diagnosed

The diagnosis of fungus infection may be defimtively established by (1) direct
mucroscopic demonstration of the organtsm 1n tissue exudates body flurds and

(2) culturing of the orgamism  Other adjunctive and less defimitive procedures are
amumal wnoculation and logic tests Fora plete discussion of these latter
methods the reader 1s referred to scveral summanes °

The present paper will deal largely with the methods by which fungi may be
recogmized mcroscopically 1n tissue because (1) sigmficant progress has recently
been made 1n this field and (2) less expenience and traiming 1s required to make
accurate diagnoses  The particular procedures to be used in any given case depend
on the nature of the infection that 1s whether the disease 1s systemc or whether

(69)
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st 1s restricted to the shin and ats appendages The following synopsis 15 glven to
provide a background for comprehending the diagnostic problems

Tungus mfections melude perhaps the commonest, and the rarest of mfectious
diseases  Ringworm of the feet 1s 1 vuigar disease affecting, up to 60 per cent of
adult males On the other hand most phy sicians have never seen a cast of blasto
my cosis or dissermnated cocadiodomycosis The clintcal spectrum of fungus
diseascs 1s large  Prognostically many of the cutancous mycoses are trivial the
systemc ones may be death dealing  The fungus infections may be divided mto
tno general classes (1) the superficial mnfections and (2) the svstemic or deep
mycoses  These differ 1n respect to the causal species an the degree of tissue
vasion 1 c ability, m logic response and most important, 1n
prognosis

THE SUPERFICIAL FUNGUS INTECTIONS

The ringworms or tineas, are the commonest and the best known of this group
They are caused by a group of related fungr which Irve 1n the heratimzed portion
of the hair shin and nails  These fungi yrow only m the dead, horny, stratum
corneum of the epidermus and are incapable of 1nvading tissues contamning Iiving
cells They grow on the shin debnis so to speak and never produce systemic
disease  Therr parasitism 1s meager \hicroscoprcally the fungus m 1ts parasttic
state 15 made up of undifferentrated branching threads or filaments (hyphae)
Inits growth the fungus digests heratin an otherwisc refractony substance On
the glabrous shin the lesion extends centrifugally from the point of moculation
and usually has a round outline  The hy phae tend to dic out of the central area
so that the border 15 scen to be the regton of activity chmcally Hence the
penpheral area contams the greatest quantity of fungus  Scrapings for diagnosis
are collected from this regron  The hyvphae of all the species which cause nng
worm have a similar appearance n the stratum corneum  Distinction 1s not
possible microscopically  Therefore dentification of a particular spectes depend
upon culturing of the organusm  There are difhiculties since this latter procedure
15 often unsuccessful in known cases of nngworm  In fact 1 onlv about 50 to
60 per cent of the cases of ringworm of the feet can the fungus be 1solated  On
the other hand with thorough methods the fungus elements may be demonstrated
miucroscoprcally mn practically ati cases This of course emphasizes the thagnostic
value of direct microscopic tests in compartson to cultural methods  As a matter
of fact although 1solation of the orgamism s desirable the failure to do so does not
particularly compromse the chmcal management of the case

YW hen the scalp 1s imvolved as in tinea capitis the rngworm fungt yrow within
the keratimzed portion of the hair as well as mn the stratum corneumn of the surface
epidermis  The bulb at the base of the hair root 15 not mvaded since this contams
Iiving hair matnix cllls The diagnosss of rmgworm of the scalp presents httle
difficulty because of the enormous quantity of fungus elements concentrated
cach nfected harr  Tuagr are mare dificult to detect in infected nails The
In phae occur not onlv in the nail plate itself but often subungually m the nail bed
Because of the slow rate of nail growth the hy phal filaments are often m a de

generated state and are recogmzed with difficulty ) .
The nngworm fungt are closchy related morphologically and prod u(‘eéln:l ar
diseases  They account for the majority of superhcial tungus intections  Certun
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less common supecficial mycoses are cansed by a miscellancous, unredated group
of orgamsms  These organtsms, too, are essntially saprephyvtes and hve in the
heratimzed shan debris - Unhhe ningworm mfections the diseases eausud by these
orgamsms are not particularly contagious and cultural ssolation 1 cither impos
sible or unnecessary for wdentiication  These disea.es are (1) tinen verucolor,
(2) erythrasma {caused by a bactena bike fungus N\ocardia) (3) trichom costs
avllans (a trval decase of axdtany har caused by an actimomy cete, (1) predra
(an unusual discase of the haw and beard) (o) tinca mgra Of this group onls
tinen versicolor and ery thra ma are common enough in the United States to have
much chinical signsficance  Tortunately both arc identifiable mucroscopcalhy i
shin scrapigs  The causative orgamsen canaat be isalated w ather case

The cardinal feature of all superticial fungus mfections of the plabrous shin s
scating  Ths 1s produced by the growth of the fungus 1n the stratum corneum
with 1ts con equent interference sith the normal desquamation of heratitzed
cells

\lonliasts (caused by Candtda athicans) 1y sometunes considered to be a super
fictal fungus mfcction  Usualh 1t 15 2 disease of the mucous membranes (thrush,
momhal vagmts) or mtertngmnous areas of the shin - Qccasionally monthass 1s
systemic  Budding cells m addition to hyphae are scen 1 the lestons Thus
morphologi. combination (budding cells and hyphae) 1s dragnostic This organ
1smm has a hugher degree of parasittsm than the fung: descnbed

Culturing of the Ringworm Fungi —These fungi are not fastidious 1 their
nutritional requrements  Practicalls any medwum contaiung a hovooe sugar and
a source of peptone will support good growth  The basic requirements of a smt
able medum are that the colomes should be recogmzable on mtial rselation and
that the nutnuional conditions should not favor the growth of bactenia The
chuef source of difficulty 1o bacterial and mold contammation  Vanous media have
been devised to overcome thes  As a matter of practice however none of these
have proved clearly supenor to the followng simple modihcation of the old
Sabouraud agar

glucose 9 grams
neoeptene 10 grams
agar 18 grams
watet 1 hter

The pH of thas medium 3s about 5 The normal shin bactena (prinapally Vicro
cocar) grow pootly in this medium and ordinandy do not sterfere with isolation
Bactenia denving from the gastrointestinal tract partseularly species of Proteus
are more troublesome and mav overgrow the fungus  Pemailn and strepto
myan 25 to 50 units each per m} bave been recommended to combat bactenal
contammation ** Twenty five to fifty umts per mt of aurcomvan terramy an
or chloromy cetin alone or m combination mav be used  Antibiotics have not
however yreatly mereased the successful solation of ningworm furgy

Mold contaminants are a more disturbing problem  These ase ubiquitous
They grow rapidly and overnheim the more slowly growing pathogens Rarung
the pH ot the medium to 10 has been claimed to bt the growth of the common
molds while permitting the pathoye nee fungus to grow *  This has not been widely
adopted  Littsman has wreluded ovgall in bis medium 10 an attumpt to imut the
spread of mold contammants® This medium also contams gentian violet and
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obscures the recogmtion of pyyment which may be valuable for identification
In addition the gross morphology of pathogens on this medwm 1s so aty pical as
to render them non recogmzable  Potato dextrose agar (Difco) 1s often used
Although several media may be used by my cologic spectalists the simple medm
given above 1s recommended for routne use It 15 perfectly adequate for most
purposes

Preces of nails or infected hawes may be washed for one to three mimutes n 70
per cent alcohol before moculating the tubes Scaling lesions of the shin should
be vigorously rubbed with an alcohol soaked cotton sponge before collectg the
scrapings

Microscopic Demonstration of Fung: i Superficial Fungus Lessons —

Untl recently, the time honored methed of examining shin, hawr and nail spect

mens for fung mvolved mounting the matenial m a few drops of 10 per cent
potassium hydroude  After gentle heating and preferably after allowing the
mount to clear for fiteen to thirty mmutes the preparation was examined under
the microscope  The strong alkal served to soften and clear the heratinzed
substrate contaming the fungus hyphse Because of the refractory cellulose
chitin complexes in the fungus cell wall the hyphae resisted the destructive effect
of the alkah and were thus rendered visible by contrast  The Jack of color mn such
an unstamed mount 1s the chief compromusing feature of an otherwise ample and
useful method The uniramed and the inexperienced often encounter difficulties
i differentiating artifacts  Tor instance, the so called mosaic fungus which1s
really an amorphous crystalime material 1s often a source of confusion Occa

sionally the walls of the cormfied stratum corneum cells form patterns which
resemble branching hyphae Frequently snadequate specimens are collected
which contan only 1 or 2 small hyphal fragments The detection of these
few fragments by a conscientious person mayv require fifteen to twenty mnutes
of microscopic examnation of the unstamed specimen  The examiner often has
an uneasy doubt that the fungus may have been missed unless he spends this
amount of ime studving the shde thus while the potassium hydroude mount
has the great advantage of bemg easy to prepare the results with it are uncertam
and time consuming mn mevpenenced hands  The potassium hy droxide method
1s however quite adequate for examining fungus infected hair because of the
great abundance ot fungus elements

Vanious attempts have becn made to develop a stamning technique which would
render the detection of fungs i shin scrapmgs less difficult  The procedures
imvolving the use of methvlene blue and poly chrome methylene blue have grven
crratic tesults m the writer s hands ¥ The methylene blue stam seems to be
adequate only when the _pecimen happens to include actrvelv growmng hyphae
and when the scrapings are unusually thin  On the other hand the application
of the Hotchkiss McManus stam (¢f p 151) to this problem has been advan
tageous?

This latter stamn enables the histochemical demonstration of substances belong
ng to the general class of carbohydrates 1 17 According to Hotchhiss any com
plex palysaccharide will stam if 1t contams the 1-2 gly col grouping m unsubsty
tuted form or the equivalent structure i v hich OH groups are cplaced by “m(‘j"“;
or alkylamno groups  Although the chemucal speaticity has becn challmgel
1t 15 evident that for the most part the substances which stain in tissue are poly

saccharides Thus normal components such as glycogen mucmn, aud hyalurome
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acid react strongh  Obwviously then, this stam cannot be regarded as umquely
speaific for the fungus cell  Strong staiming of the fungus cell 1s to be expected
from the composition of its cell wall  This relatively tough structural matenal 1s
a cellulose chitin complex  Both of these components are polysacchandes

The essential steps in the Hotchbass McVManus procedure are hydrohsis of the
tissue 1 1 per cent periodic aaid for about ten minutes folloned by exposure to
the Schiff reagent for approximatels another ten minutes The Schiff reagent 15
simply decolonized basic fuchsin (the leuco form) an unstable compound  In the
presence of aldeh des the Schuff reagent 1s reconstituted to its onginal red color
According to the theory (with which there are some difficulties) the aldehvde
groupings are released from polysacchandes by the hvdrohytic and oudatine
action of pertodic aaid At the sites of aldehyde formation a red color will de
velop following reconstitution of the Schiff reagent to its original colored form
Hence tissue polysacchandes stam red and the tissue background 15 exther color
less or hght pink It 1s not appropriate to detail further here the chemustry of this
reaction It has recently been reviewed by DeLamater et al *

The bnlliant staining of the cell wall of all the pathogenic fungi 1s a conspicuous
feature of this procedure  In addition the v toplasm 15 rather intensehy stamed
Evidently the cvtoplasm of most fungus cells contains a hugher concentration of
carbohvdrates than that of other microorganisms  This seems to be a more or
less charactenstic histochermcal feature of the fungus cell  Although <ome bac
tena will take up the stain, the dve 1s gencrally distributed as discrete masses or
granules within the cell  The cvtoplasm generalh stams hghth m comparnson
to the fungus cell or it fails to stain altogether There 15 evidence that the cell
membrane of some bactena 1s stained  Further work with bactena 1s mdicated

Even though this 1s not a umiquely speaific fungus stam 1t 1s for all practical
purposes a differential stain that 15 fungus cells may be readily differentiated
from tissue cells or other microorgamsms  Certain animal tissues such as the
Iner and the sahvary gland contan a high concentration of polysacchandes
They therefore stain red The interference 1n contrast presented by the staming
of the tissue bachground 1s not as troublesome as might be supposed  Glycogen
for nstance 1s present 1a the form of fine granules in the liver cells  The fungus
cell however 1s relatively large and the size contrast 1s great enough to permit
recogmtion The average fungus cell 1s considerably larger than that of pathogenic
bacteria

Studies have been underway 1n our laboratory to adapt this histochemical
reaction to the particular purpose of demonstrating fungin tissue  The method
to be described may be unsatisfactory for other purposes i view of the limited
objective of this work  Specifically an attempt has been made to develop a
practical procedure that would be acceptable for routine mycologic work  One
of the disadvantages of the onginal staiming technque as outhned by Hotchhiss
and McManus was the required use of the Schuff reagent (decolorized bastc fuch
sin)  This reagent 1s not readily prepared (it generally has to stand over might
before 1t can be used and the last traces of color have to be removed by charcoal

adsorption) In addition 1t 1s rather unstable In order to preserie 1t for am
apprectable length of time 1t must be Lept in an air tight contamer 1n the 1ce box
When exposed to the air 1t tends to recolonize spontaneously  Arzac has demon
strated that somewhat similar results can be obtamed with non decolonized basic
fuchsin®  Arzac s modification 1s still a general stam for carbohydrates closely
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simulating the onigwmnal procedure except that ordwnary basic fuchsin (a stable
reagent) instead of its leuco form 1s employed There are, however chemical
differences  Suffice 1t to sav here that 0 1 normal hydrochioric acid will quichly
decolorize Schiff positive matenal stained by the eniginal Hotchhiss McManus
techmque Arzac s moditication however, 1s an acid fast stan which resists the
decolonzing action of actds  “Thus property, as will be shown, is uscful m mcreas
ing the contrast between fungus cells and host tissuc

In the present work Arzacs techmque has been still further modified 1o the
direction of simphiaity and practicality in accordance with the Imuted objective
stated above  This procedure 1s superior to the potassium hyvdroside method of
exarmmng shin scrapings for fungt A recently completed study showcd that the
potassivm hydroxide method faled to detect about 15 per cent of the positive
cases A particalarh desirable fcature of the stam 1s its demonstrated usefulness
with specrmens (such as from nail rmgsn orm) m which fungus elements are scarce
The advantages of the stam are 2 ligher percentage of posttive diagnoses and the
greater certainty of reportmng negative findings  Mimimal laboratory facilities
are requited  In particular this techmque has been found valuable in the diag
nosis of ringworm of the feet tmea corports ringworm of the nails tnea versicolor
and monibasis  The results are particularly brillant with spectmens from this
latter discasc  The bactena hike fungus causing ery thrasma 1s best stained with
methylene blue

Method -The method of collecting epidermal scales 1s most mmportant
Preferably a drop or two of Mayer s albumin (purchasable from any supply house)
1s placed dircctly over the lesion  This 1s then vigorously scraped with a blunt
kmfe Matenal trom natls should be similarly colleccted  The albumun allows
the scrapings to stick to the knife and also accamphshes the removal of the horny
matenal 1n the form of macerated thin shavings Thin smears are cseential for
the best results  The macerated matenal on the hmife 1s finally transferred to the
shide and rubbed over the surface so as to affect an cven distribution  The albu
mrn also enables adherence of the matertal to the sitde durmng the stainmng pro
cedure  Shides prepared m this way may be shipped by mail and stained without
loss of brilliance wecks later if necessary  If the spectmens arriving at the labora
tory consist of thck horny preces or tops of vesicles these must be nrst pared
down with a kme  In this case the shde should be prepared before hand by
smearing over it a drop of Maver » albumun  The scrapings are then rubbed over
the slide as before It 1s far more destrable however for the individual collecting
the scales to mount them directly onto the shde  In suspected cases of monthasis
of the mouth or vagina the swab uscd to collect the sample 1s stmply rubbed over
an albummized shde  The following proccdures arc best carried out mn a scrtes
of Cophn starnung jars which may be permanently set up for routme use

1 Immerse for one mute in 95 per cent alcohol

2 Immerse for five minutes In 2 5 per cent agueous solution of periodhc aad
(obtamable from Eymer and Amend Co N\ew York Gits )

3 Transfer to the following solution for two minutes

Bawt fuchsin 01 pram
§ ethyl iohol S
Water 95 ¢

{Dissohve the basic fuchsin i the alcohol and then add the water)
4 Ranse briefly m tap water
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> Immerse 1n the following solution for ten minutes

Zinc hydrosulphite 10 gram
“Tartaric acid 035 gram
Tap water 100 0 ml

Zinc hvdrosulphite may be purchased from the Virginia Smelting Company
W Norfolk Virgma  The solution 1s stable for at least one month if kept in a
closed jar It mav be used repeatedly Tt may be conveniently, Lept n a stop
pered bottle and poured mnto a Coplin jar before use or a screw cap type Coplin
jar may be employed  Zinc hydrosulphute 1s a whitish powder readily soluble in
water In the presence of aad sulfur diouide (the actrve agent), 1s released  The
freshly prepared solution contamns finely dispersed sulfur which howerer, does
not mterfere with its immediate use  Wathin twenty four hours the sulfur will
have settled to the bottom leaving a clear solution Removal of the sulfur by
filtration 15 not required  The solution 15 usable as long as 1t continues to have a
strong smell of sulfur diouide

6 Rinse briefly in water

7 Immerse for two minutes 1n saturated aqueous solution of picric acid

8 Rinse brefly m tap water

9 Add 1 or 2 drops of glycerm and cover with a cover shp
Glycerm mounted slides are satisfactory for routine use and can be Lept for at
least several days  If serm permanent preparations are desired the specimen may
be mounted directly after Step 8 in a drop or two of polyvinyl alcohol mounting
medium ' If on the other hand completely permanent mounts are desired 1t
1s first necessary to dehydrate the preparations after Step 8 This may be
accomplished by immersing 1n 95 per cent alcohol absolute alcohol, xvlol and 2
final xylol solution each for 1 mmute Following, this the preparation may be
mounted m clante or HSR mounting medium  Such preparations may be filed
‘The glveerm mount 1s recommended for ordmary use and 1 simplest

The fungus elements are stamed red Splendid color contrast 1s afforded by
the yellow stained heratin background The brilhance of the stained preparation
depends upon the thichness of the smear and the age of the hyphae Old par
tially degenerated hyphae stamn poorly Because of the impenetrability of heratin
the fungt m thick pieces of horny matenal are poorly stamed Inspection for the
presence of fungi may be done under the low power of the microscope  Scanning
the shde for a few mmutes will determme whether or not a fungus 1 present
Ttns method 1s far more tedious and time consuming than the potassium hydroy
1de techmque Its advantages however overweigh these considerations Actu
ally time may be saved 1n the long run since only a few mmutes are required to
mspect the shde A negative result with this method 15 much more meanmngful
than with the KOH techmque

Stamming of Fungi in Culture —The above stamning techmique 1s also useful
{or morphologic studies in vitro The mcroscopic charactenstics of the varous
pathogens may be brlliantly demonstrated in a permanent mount if the fungus 1s
first grown on a cover shp  Such specimens make excellent demonstrations for
class preparations or for photographs Inspection of mucroscopic features par
ticularly the type and habit of spore formation 1s essential for distinguishing a
fungus species There are several ways of achieving, this  Perhaps the simplest
and the most effective 15 as follows using a sterile unhipped test tube 12 mm 1n
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sidth the mouth of which has been flamed (1) cut 3 or 4 cyhnders of agar out
of a petr1 dish contaiming about 30 m! of the culture medum gnen above The
cylinders should be approumately equidistant from cach other Tach evlmder
15 then fished out with a needle as gently as possible and simply laid on the agar
surface next to the excavitation  The plate thus contams 3 or 4 agar cvlinders
immediately adjacent toeachhole A crude suspension of the fungus te be studied
1s prepared by adding about 2 ml of sterile saline to an agar test tube culture and
scraping the surface with a needle The suspension 15 then drawn into a 1 ml

prpette and a single drop released onto the top of each agar cylinder  Foliowing
thrs a clean unstentle cover shp 20 to 22 mm square 1s flamed gently and dropped
over the agar disc in such a way that the center of the disc 1s equidistant from the
4 comners of the cover sip  The fungus grows on the upper surface of the agar
cybinder and extends radially outwards on the underside of the cover shp A
relatively thun Javer of growth 1s formed peripheral to the agar cylmder Advan

tageousls the fungus threads grow quite closely appressed to the glass m the com

plete absence of medium  This grow th habit greatly facihitates staming mount

g and visualization  Moreover, sporulation 1s favored  Such a shp on which a
fungus has becn growing from one to three weeks may be stamed in exactly the
same manner as shin scraptngs  The preparation may be processed as soon as
charactenstic spores have developed  Abundant growth is undesirable  Because
of the thinness of the preparations and the fact that the fung are not embedded
m tissue, the pertod 1 the zinc hydrosulphite solutton should be reduced to one
minute  Counterstaimng with preric acid 15 unnecessary  Naturally for perma

nent mounts the ship must be dehy drated and processed as described above  Small
stamning jars are available for the processing of cover shps five to ten at a time

This methad of growing the fungus on a cover shp 1s a simphfied modsfication of
the one described by Riddell 2

THE DEEP OR SYSTEMIC MYCOSES

\Many of the fungt which cause systemic disease live saprophy tically in the soil
A vaniety of unrelated fungs have been mncnminated It 1s a peculianty of some
of these orgamsms that their micrascopte appearance 1n tissue 1s unhhe ther
morphology m culture  Such orgamsms are called dvmorphic Thy orgamsms
causing histoplasmosis  blastomycosts  sporotrichons  cocaidhoidomycosis and
others are n this group  Usually round cells which may bud are found in tissue
whereas mold hke growths composed of branching hyphae and reproductive
spores are developed on culture media at room temperature  The tissue phase
because 1t 1s usualls made up of budding cells (with the exception of Cocadiodes)
15 referred to as the yeast phase The systemic my coses often occur in conjunc
tion with chromic debilitating diseases such as tuberculosis and the Jymphomas
They are often fatal in the d { form  Histopathol 1]y the tissue
reaction may be quite similar to that of other granulomas Detrunive diagnosis
requires the demonstration of the orgamsm

Culturmng of the Organisms Causing the Systemic Mycoses — Jhe usual
matenals for culture consist of biopsy specimens sputum and body flurds  Vith
(,ontammatcd specimens such as sputum or exudates 1t 1s adiantageous to m
corporate o0 MICTOgrams per ml of one of the newer anttbiotics with a.bbmad ann(
bactenal spectrum (aurcomyam chloromycetin terramy an)  Combsmations of
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these are practical and m some mstances desirable  The bactena ke fungr
causing actinemy cosis and nocardiosts are susceptible to these antibioties  When
these are suspected antibwotics cannot be incorporated m the isolation medum
It 15 customary 1 attempting to ssolate pathogenic fungs to moculate at least 2
plates, one of which contaas a blood medium and 1s incubated at 37° C and the
other of which contams 2 Sabouraud hike medium (such as the one gnen zhove
for the nngsorm funm) sod 15 incubated at yoom temperature  In some labera
tories only two blood agar plates one of which contams an antibiotic, are mac
wlated and these are mcubated at 30° C  This latter 1s possibly the preferred
procedure  The blood agar 15 convemently made up from dehydrated Difeo
blood agar base with § to § per cent of human or horse blaod added  The addition
of 1 per cent devtrose to this medium enhances the growth of fungs  Further
details for 1solating the svsterme fungt wall be found elsewhere ¥

‘The Stawning of Fung Causing the Systemic Mycoses —The pathogenic
fung: as a group arc said to be umformly gram positive  This property 1s 5o
diminutive 1 most instances as to be of httle dsagnostic value  The routme
hematoxvhn and costn stawr was generally preferred for staming most fung: i
tissue untl the value of the Hotchhiss McManus stain was demonstrated  With
this latter stain, the study of the morphology of fungi in tissue has been greatl
enhanced Because ths stam s so definttive for fungt 1t has been possible to see
forms 1 tissue which were but poorly, or not at all visuahzed before  Some
previous nottons had to be corrected  The so called  capsules of Histoplasma
capsulatum and Sporotrichum schenchn scen in hematoxy lin and eostn prepara
tions have been found to be artifacts 7 In our hands the resulis with the modi
fication to be described have been supeniar to those obtatned with the Hotchhass
McManus techmque  More mtense staming of the fungus cell 1 achiened

Biopsy speaimens may be handled in the following way  The tissue may be
fived s any of the routine fixatives They man then be processed embedded in
parafiin and sectioned in the conventional manner  After deparaffimang i v lol,
the shdes are immersed 1 absolute alcoho! and hinally washed m distilied water
Two slides should be simultaneously treated as follows

§ Immerse m 1 per cent penodic acd ten munntes

2 Rinse in tap water

3 Immerse in the following solution two minutes

Basic fuchsin 01 gram
95 absolute aleohol 5 oo
Water 95 ce

1 Runse mn tap water

5 One shde 15 treated for ten minutes and the other for thurty minutes n the
following solution

Zane hydrosulphite 10 gram
Tartane 2ad 08 gram
Water 100 mi1

It has been found that various species of fungt react dsfferently to the zmc hydro
sulphite salution  One of the tno stides wall show an approprate amount of
differentiation For mstance, the organism causing sporotrichosis tends to be
averstained by thus procedure so that although the ten minute shde 1s acceptable
the contrast between the orgamsm and the tissue 1s far better with the thirty
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munute exposure  In general, better results are obtamed with the thirty minute
procedure

6 Rinse in tap water tor one minute

7 Counterstan m saturated aqueous solutton of pienic acud for two minutes

8 Rmse briefly i tap water

9 Dehydrate, clear and mount in the usual way

The fungi stan bright red or various shades of magenta  The tissuc back
ground takes up a vanable amount of the yellow picric acid depending upon the
tissue 1tself It will be esther quite vellow, which affords the best contrast, or a
reddish yellow which 1s less desirable  Increasing the exposure to the zinc hydro
sulfite solution helps remove the red staming of the background and 1mproves the
sellow counterstain  Occastonally a threw hour cxposure n zine hydrosulfite
solution grves optimal results With this technique the least satisfactory results
are obtamed with sections contamng Histoplasma capsulatum the smallest of
the pathogenic fungr  Considerable improvement 1s secured by treating the
spectmen for one hour at 37° C 1n 1 per cent periodic actd solution instead of ten
minutes

Hematoxyhn and eostn stamned shdes mayv be immediately restamed by this
method wrthout any further manipulation than the removal of the cover shp with
xylol and the rehvdration of the spectmen  Tollowing this the shde 15 put mnto
1 per cent periodic acid for ten munutes as usual (this removes the hematovylin
and cosin stain) and the rest of the procedure 1s as given above  Consequenthy
1f one suspects a hematoxs lin and eosin staned granuloma to be of my cotic ongm
and fungus cells are not detectable the specimen may be restamed without mak
g another scction

The Stamnng of Bedy Fluids, Exudates and Sputum —Body fluds such
as spinal flid urne and pleural effusion fluid are casity handled  Preferably
the specimen should be centnfoged and the sediment spread over an alburmmzed
shde The preparation 1s then treated with 1 per cent penodic acid for ten mm
utes followed by the basic fuchsm solution for two minutes and exposure to the
hvdrosulphite solution for one minute It 1s then counterstamned with preric acid
for two munutes

Difficulties arise 1n the staining of sputum  This matertal contams a large
quantity of muco polysaccharides which of course take up the stam  Thus the
background matenal will be statned a more mtense degree of red than 1s desired
Some improvement 1n the contrast between the fungus cells and the polvsaccha
rides 1n the sputum can he obtamed by prior hydrohy sis of the sputum m 10 per
cent sulfuric acid solution  The sputum 1s mixed with an equal quantity of 10
per cent sulfuric acid and incubated for four hours at 37 C The muxture 1s then
centrifuged and the sediment spread thinly over an albummmzed shde  The shide
1s then stamed as for spinal fluid or urtne  Although this method of evamuining
sputum 1s useful and preparations are better than any other available procedure
1t leaves much to be desired

1t 15 evpected that the routine use of this stamn for diagnosttc purposcsh\nll
faclitate the recognition of fungus contamning tissues and fluids by those il :"
spectal traming m mycology  [he stain 1s definitrve enough so that even the
d will generally be able to recogmze a fungus ccll that he may never
Fortunately the organisms causing the sy stemtc my coses have
Iy they can be identined m tissue  Thus even

INEXPCTICACE!
have secn before
distinctive characteristics where
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1n the absence of positive cultures a diagnosis can usually be made if the proper
material for staining 1s available After one has established that fung: are present
1n the preparation, consultation with the standard textbooks or with a mycologist
should be sought The tissue phases of some of the systemic organisms may re
semble each other m part but an intensive search by the mformed observer will
generally revcal some structure which 1s diagnostic of the species

An esamination of the accompansing illustrations (Figs 19-23) will show
the charactersstic features of most of the orgamisms responsible for human
my cotic diseases



Ti6 19 —1 Biopss from a case of kuman tinea corports (ringworm of the smooth shin) Periodic
acid fuchsin stun counterstamed with hematoyylin X 110 The segments of strongly stamed
branching hyphae mav be seen among the loose heratinized scales of the stratum corneum It
15 to be noted that the fungus threads are entirely confined to this dead horny layer and are unible
to penetrate down nto the linving portion of the eprderrms  All the species of ringworm produce
this same picture

2 Scrapings from a case of ines tersicolor  Periodic acd fuchsin stam X 248 The hvphal
segments and the grape ke cluster of budding cells make up a diagnostic combination  The
round budding cells may actually be ~nother fungus perhaps 2 species of Pityrosporum which
regultrly associates itself with the organism causing tinea verstcolor

3 Scrapings from a case of human athlete s foot Periodic acd fuchsin stam X 248 The
ramfymg branching fongus threads are diagnostic of a ningworm infection  The fung are
rarely this abundant

4 Skin scrapings from a case of experimental yinguorss 11 the gianea p1g Pertodic acid fuchsin
stun X 193 The appeirance 1s quite similar to human ringworm

5 Bispsy from a case of tinea capitis due lo Microsporum audoun: Perodic acid fuchsin
stan counterstained with hematoxyhn X 138 The section shows an infected hur emerging
from a follicle  Some of the hy phae which are responsible for the destruction of the harr may be
seen within 1t The most diagnosttc feature however s the mosatc of round spores ciinging w
masses around the harr

6 Biopsy from a case of tinea capitrs due to Trichophrton tonsurans Periodic acid fuchsin
stan counterstamed with hematovyhin X 275 The section shows a hair whose internal substance
1 occupied by chamns of rectangular fungus cells  These chams of cells distingus h Trichophy ton
infections from those due to species of M1 rosporum  Note that 1n this case there are no spores
around the hair

7 1 culture mount f MUscrosporum fulium Periodr acid fuchsin stain X 124 This culture
was grown on a cover shp The boat shaped structures are multi septate spores They are
diagnostr of ths spe 1es

8 A culture monnt of Trickophiion mentagrophstes Periodi awd fuchsin stain X 138 This
cultyre 145 Als0 gronn on 1 cover shp  Note the hyphal branches adorned with round to py riform
spores  Such beautiful preparations in whi h the spores remain ntact on the spore bearing,
branches can only be obtamed by growing the culture on a slip or shde
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Fic_ 20 —1 Biopsy from a human case of blastomycoss (lung) Perodic acd fuchsn stam
X 193 Note how densely the cell wall stains  In addition 1n this particular orgamsm the
nucler are remarkably well stuned  This has not been noted for other fung

2 Buwpsy from a mouse with blastomycosts (perstoneal nodule) Penodic acrd fuchsin stun
X 138 Note that some of the cells are 1n the process of budding These trge round budding
cells allow a defimttve diagnosts to be made

3 Same section as No 2 from a mouse with blastomycosss  Hematoxyhin and eosin stain X 83
Tius section s Joaded with orgrnisms Y et with the hematosvhin and eosin stain these are difficult
to pick out 1mony, the inflammatory cellsof the host  The great virtue of the periodic acid fuchun
stun 1s that the background remains colorless  In shin blastomycosts the sectsons often contam
onlv one or two fungus cells  These are extremely difficult to detect wath ordinary stuns

4 Bropsy from a hwman case of histoplasmosts (spleen)  Pertodic aaid fuchsim stain X 385
‘The ory,1misms appear s round cells which accastonally bud  Note that no capsule 1s evident bere

5 Biopsy from another kuman case of hustoplasmosis (Iymph node) Periodic a 1d fuchsin stam
% 495 The orgamsms ire 1 a cluster sathin 2 host macrophage which of course does not stain
This 1s the usual appearance of the orgamisms with this stan  One observes a dark concentrated
mass centrally or eccentrically placed within the cell This represents cytoplasm which has
retracted away from the cell wall leaving 2 spice  The cell wnall 1s clearly v1 1ble around this
spue  Th<space has been mistaken for 2 capsule because of the fulure of the cell wall to stain
with ordinary methods The capsule 1s an artefact

6 Biopsy of the chick chorwo allantorc membrane infected with Histopl 9 Hema
toxhin and eosin X 220 Mote the macrophages Joaded with what appear to be capsulated
orgonism Usually the orgamsms do not stain even this well with hematotvhn

7 Biopsy from a human case of histoplasmosts (adrenal) Perodic aard fuchsin stain X 338
The orgamsms again appear to hate a capsule but 1 the actual specimen one could clearlv sce
the cell wall surrounding the apparent capsule The Histoplsma organisms shown 1n No 4
«ere prepared 1n such a way as to asaid shrinkage of the cytoplasm Hence the appearance of
a capeule was avouded

8 Culture mount of Histoplasma capsulatum  Penodic acd fuchan stam X 138 The round
pores ornamented thickly with club shaped protuberances are dizgnostic of this species
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Fic 21 ~~1 Biopsv from a ntouse with sporotrickosts (peritaneal nodule) Periodie 2 1d fuchsin
stam X °75  This organism s usually described 19 bemg cigar shaped  Actually however
when one c1n obserse 1t agamnst = non stamed bachground s 1n this specimen multipherty of
forms become visible  Some of the cells are producing rod shaped buds  This 1s rather typical
Many of the ergamisms however are quite round and large  This yanation 1n size and shape 15
more charictenstic than are the so called cigar shaped figures

2 Buopsy from 3 human case of sporotrickosis (fung}  Perodtc ard fuchsin stam X 359 This
organsm like Histoplisma capsulitum s mich it may strongly resemble 1s ordinanly mtracellular
‘Therefore in the early stages of infection 1t m1y be found distnbuted n tipht clusters sathin
macrophages  Tis v as 1 case of human fung infe tion 1 whien agam one mn note the
vanabihity m the morphology of the organisms

3 Bropsy fram a mouse with sporotrichosts (spleen) Hematoxslin and eosin stan X 440
This 15 an uausual photograph showing masses of fungus cell within microphages  These 2pperr
to be encapsulited much ke Histoplismn capstlatum  Thi  too 1s an artefact due to retraction
of the cytoplsm away from the cell wall

4 Bropsy from the chick chorio allantote niembrane infecied  uh Sporotrechum schenckir  Hema
totyhn and eosin stamn X 720 note that the mtrcellutir fung appeir to Yure sery defim e
capsules [y

5 Buopsy of humn skin contatning @ sporolrichetic abscess T enodic veid fuch 1n stam X 55
This low paner view will illustrate how reidily the orgamsm mav be vwsually locahzed m the
tissue Al of the darkly stamed material represents orgam ms  ‘These would not he detect ble
at this power with the hematoxyhn and eosin stan  The orgamsms are rarely this numerous m
cutancous sporatrichosss

6 Biopsy from the cht & chorta allantorr membr ine infected with Sp ro'richum schencks Penodic
aad fuchsin stain X 303 Note that the cap ule  evident i photo 4 have dmappeared mith
thes stain Agamn there s 2 greit variability i shape

7 Biopsv from the kuman broin contamng Sporotrichum schenckn  Periodic acid fuchsin stam
X 275 The ¢ gan sms are intra ellulur as is mdicated by ther bemng aggregated m clusters
Aote thit there 15 no capsule and that except for their being distinctly elliptical there 1s 2 stnkng

Histopl: P In certamn cases this morphologic cell t4pe appears o
be character ti of human porotn hosts when the lesion are m the vi cera rather than the shin

8 Scrapungs from a case of mucoculaneous mondiasss  Ierodic acyd fuch i stan X 16%
These structures are all artefacts ilthough they take up the stamn strongly One must note ther
wregulinty and the lack of a clear cut vall  Such artefacts are uncommon
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ki 22 —1 Spinal firud smear from a case of hwman torulosis  Pemodic acd fuchen stan
® 220 This {Cry, has a distinct wide capsule which 15 well
shown Thebudding round capsulated cells when found ¢ spinal flud are diagnostic of torulo 1

2 Buopsy from a human tose of torulosis (kdney) Penodic acd fuchsm stam X 110 \ote
how easly the orgamsms may be seen aganst the tassue background Most of the capsular
matertal has disselved out 1a the processing of the tissue leasng a smatt cyst Iike sprce i whick
the orgenusms are suspended

3 Scrapings from @ case of thrusk (monidastsy  Penodic aod fuchsin stam X 193 The
combination of hyphal threads and budding jeast cells 15 diagnostic of this orgamsm (Candida
albicans)

4 Scraperigs from a case of moniliasss of the nails  Perodse acid fuchen stan X 193 The
appearance 1s smular to that obsersable s phato 3 Thas yeast ke organism s often y ery chffienit
to detect in nfected nails with the potassium hydroude method

5 Biopsy from o rabbit kidney infected with Candida aPbrcans  Periodic 1ad fuchsmstam X 165
The or,anisms stand out starkly  This picture would have been compietel; obscured had the
specimen been stained with hematowvhn and eosin since the organtsms re ling 1o the midst of
a dense collection of snflammatory cells  Note agan the hyphre from which budding stractures
are being formed

6 Biopsy from n motse kidney nfected usth Candida albrcans  Penocc 2ed fuchun stan
X 270 The diagnostic combination of budding cells and hypha! fragments 1 agam 1n evdence
I this case nat even the outhine of the beckground issue shows up

7 Scrapengs from the normal huwman scalp  Perrodic aad fuckstn sta X 303 This argamsm
1s Pityrosporum ovale [t 1s o normal snhabitant of the skin Thys organism tends to occur 10
the sebaceous skin areas because lpoids are needed m its maAntion It should not be confused
with the orgamsm crusimg mombhasis

8 Serapings from the uormal scalp  Perjothe acxd fuchsin stam X 388 The orgamsm shown
15 another hpophythie Fungus probably Pityrosporum urbiculare  This organism could be more
exsily confused with Candida albicans and exen wsth Cryptococeus neoformans It 3 3 normal
skin mhabitant
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TIG 3 —1 Biopss from @ human c1se of coccrdiodomycosts (kidney)  Perodic acd fuchsim
stain X 165 In addition to the mass of endospores escaping from a ruptured spherule one may
sce here and there tn the tis e round fungus cells of sarying size  \lost of these latter cells
are not viuble 1n hematoxshn nd eo 1n preparations  Consequently the ory2msms i thrs
disease are far more pumerous 1n tissue than previou ly sy pected

2 Bropsy from a case of human cocerdiordorscosss (skin) - Hen atoxy hn and eostn stam X 165
Dne m1y note a spherule nith vaguely <t umng enclo<ed endo pores  This 15 surrounded by a
mass of inflimmatory cells  Although a fen round fungus cells are present within this inflammatory
collection they cannot be distinguished

3 Buopsy from a c1se of human cocar liorfomyeosts (sken) Penindi aud fuch i tun X 330
Thls]spheru]e 1s packed full of endospores  Strangely enough the wall of the spherule stains
poorly

4 Biopsy from a mouse lung wnfect d uith Cocardiordes immutts  Terodic acd fuchsin stan
X 193 In addition to the cluster of cells indicating a spherule one may 2l o note an enormots
number of round cells of 1 irving size | ery occasionally some of these wall appear to be budding

5 Cultnre nount of Coccrdioides imputss Pertodic 1c1d fuchsin statn ¥ 775 The rectangular
spores arranved alternately n a chan are diagnostic  Evers other el 1s a viable spare shile
the cells in betneen dry up an 1 become ghosts

6 Buwpsy from a human case of coccrdiordomcases (brarn)  Pertodse 1cid fuchwin stata X 338
One may note here the \ariation 1n the size of the funyus cell

7 Biopsy from o human case of South 1imerican blastomycosts (ung) Perodic acid fuchsin
stan X 238 The orsamsm 15 composed of lirge budding ceils m which one may clearly see
that the evtoplism has Tetracted away from the cell nall  Quite charcterst: ally one may
observe much smiller tungus wells which ity were produced as <mafl buds around the nm
of the large cell  everal of these mll round cells whith appear to have cap ules are evident
n this section  Thewe litter structures generilly cannot be een with hematoxyhn and eosin
stained specimens

8 Bropsy from a human case of Scuth lme tcan blastomycosts (lung)  Hematovln and eo
stun X 193 Ths section contain 4 preat many fun,us celi which ire ob cured m the inflam
matory infiltration  The smail round cell 11 ible in the frevious sectn ire of course completely
pon detectable
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THL LIVER

By € R Mittory MD anpT B Miatzory M D

‘1xtF last decade has shown giant strides in our knowledge of the pathogenesis
of many diseases of the iver It has of course been a decade charactenzed by
exceptionally rapid advances 1n our knowledge of many fields of medicine  This
may 1n some ways be regarded as one of the indirect benefits of war  The intense
mobilization of the resources and manpower of many nations to solve rapudly
problems which have tmhtary importance permits a rate of progress which s
difficult under peacetime conditions

In recent times some of the methods of work, found so valuable duning war, have
been continued 1n times of relative peace  One of the most important of these 15
that, 1f groups of individuals interested in the same problems but approaching
them from different pomts of view can be gotten together in conferences and
symposia the discussion so provoked allows the mdividuals to reassess their
problems and reach a more rapid and satisfactory solution of them This 1s
understandable merely from the standpoint that 1t grves an opportunity to pool
experiences materials and 1deas

Cooperatne efiorts of this type have been numerous duning the past decade 1n
relation to studies on the liver During the war due to the prevalence of viral
hepatitis in the American and British troops the resources of the Army Medical
Corps and the Army Institute of Pathology were to a large extent concentrated
on a study of the etiology and pathogeness of this condition  This work has been
continued and broadened in recent years by a series of conferences sponsored by
the Josiah Macy Jr Foundation®*~® and a Ciba Foundation'” sy mpostum n 1951

The progress has been so great during the decade that any attempt to survey
the entire field of iver pathology would require such a cursory treatment as to be
completely valueless  Some of the more important features have been sclected
therefore because these seem to be of more than casual interest and importance
It 15 planned to take up the following subjects 1n the order listed

Histochemustry

-

Function tests

Biopsy

Newer concepts of normal and abnormal blood arculation
Viral hepatitis

Fatty infiltration

Ceroid

Necroses

P O L

(€8]
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9 Cirrhosis
(a) Classification
(b) Healed acute yellow atrophy (I ocal postnecrotic cirrhosis)
(c) Alcoholic errrhosis (Diffuse fatty {nutritional] cirrhosts)
(d) Pigment crrrhosis
(e) Bibary curchosts
(f) Syphilitic airrhosss

10 Regeneration
11 Primarv canecr

HISTOCHLAMISTRY

Although the last decade has witnessed sigmificant advances m our insight mto
the participation of the iver m a vanety of biochemical processes ! there has been
no concomitant expansien of corrclated histochemrcal studies of pathological
changes 1n discases of the iver  Thus while numerous articles devoted to histo
and cy tochemmcal investigations have appeared between 1941 and 1951 only a
small mmority discuss applications of established histochemical methods to stud
1es in histopathology  the majonty dealing with the development of new methods
and techniques  Because of this fact and the relative paunity of well substantiated
studies pertamning to histochamical investigations of hiver disease it 1s felt that
a bricf mention of trends in thas fidd 1s all that 1 indicated at present

There have becn three major approaches to the problum of mtracciular Jocal
tzation of chemical substances of biochermcal orgmn or significance

Ihe first approach currently the most popular with o tologists and patholo
gists 1s based upon a group of methods i which a sheed tissue section {fixed or
fresh) 15 subjected to a chemtcal reaction that 1s (2) specific for 2 smgle chemical
group or compound and (b} Jeads to the formation of a stable, relatrvely mnsoluble
colored compound which may be wenttfied under the ordmary light micro
scope M This approach because of the relative simpliaity of the apparatus
required and techmques utthzed will probably continue m vogue However
many of the methods in thes first group have had madequate correlative studis
with methods (to be discusscd) which are more accurate and sensitive although
technically more complicated #4028 A [urther criticism 15 that quantitative
studies do not appear rcadily fcastble by methods in this first group

Ancillary to the above are methods which depend upon enzyme In droly sis of
the mter or mtracellular constituents being studied m the section  Companson
with control sections thearctically permits a quahtatn e ¢y tologic Wentihication of
the compound m question

A second major approach utihzing visual ¢xamination of the tissue studied is
by employ g the absorption of ultraviolet hght by tresut scctions This depends
upon a thorough hnowledge of the absorption charactcristics of the brochermicat
compounds under imestigation and therefore 15 hmited to those compounds
which have been previoushy isolated in pure state and thoroughly identified by
witraviolet spectrophotometry  Although supcrior to methods of the st ap
proach both as regards quantitative evaluation and study of living ¢y toplasm
ultrayiolet microscopy has been himuted in application by the mzrﬂsc {mt?alogx’sl
beeause of the cost of equipment technical knowledge requircd ard relatnvely
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small number ot biochemical compounds adequately characterized by ultraviolet
spectophotometn 130

The third major approach 1s one which has been used pumanly by the bio
chemsts ¢3¢ It mvolves the homogemzation and subsequent centnfugation ot
an abquot of tissuc samples of different particle size and density being 1 olated
by centnfugation  These may then be analyzed chermcally and 1dentified vis
ually correlation thus bemg made between particulate e tological elements seen
on tissue section and the particles 1solated by centnfugation  This method al
though (a) at present himated to such rdatively homogencous tissues as liver and
(4} apparenthy ncapable of furnishing a means of cvtochemieal Wentification of
nonparticulate structures nesertheless seems to offer a precise and quantitative
approach to a correlation of many histochemical and hstopathologi changes
mvolving,  particulate  edements

Ultimately (and 1deally) techmques myvolving mucradissection and mucro
analysis of samples of cy toplasime constituents and mterccliular substances will
oficr the spundest bass for lustochemical studies4°¢  That these relatively
esoteric methods will ever enjoy wide pread use appears unfikels  However, they
will probably serve an imvaluable function m control studies of results obtamed
v methods 10 other categoties swnce ther accuracy and sensitwity as regards
dentification and analysis of ¢ tologic constituents {particulate and nonparticu
late) appeat to be supenor

Bref mention should be made of autoradiographic methods™” and fluorescent
microscopy*® ¥ as approaches which should contnibute progressively more to
Tustochemical studies

In summary 1115 to be antiapated that with the continucd apphication of phs
1¢s to brologrcal problems new te chniques and mstruments will appear leading to
more exact histochemical procedures It 15 apparent that even without these
the use of a wide varetv of currently hnown histochemical techniques will greatly
accelerate our understanding of the relationships between the stopathologic
pathophysiologic and pathogenetic aspeets of hiver discase

LIVER FUNCTION TESTS

In recent years many new liver function tests'™ have been developed 1and the
value ot the older ones reassessed  In reviewing the lterature on them one s
forced to the conclusion that although they ire of undoubted value this value 15
a detmitely bmited one  In hus bref summary on Liver Function Tests i his
Louwell Insnitute Lectures Himsworth®! concludes wath the statement that asvet
there 15 no test which approaches 1 value a careful climical asscssment of the
patient Nevertheless Liver Function Tests conshitute quite a heavy portion of
the work load of clinical laboratones m active particularly teachms, hospitals

To quote Himsworth® agam the tests can be regarded as a means of demon
strating the absence of Iiver damage or as a means ot recogmng, the natute of
the damage present  On the whole they cin be divided nto three mamn cate
gones (1) Tests of excretorny capaity (2) Tests of abihity to synthesize and
13} a group of empineal tests for fiver damage i

“The followng are some of the more important function te ts with an estimation
of their value and bmiations as discussed by Ham® 1n 1950
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(1) Bromsulfale:n (BSP) Test —This depends upon the fact that, when the
dye 15 njected 1ntravenously 1t remains almost completely in the blood stream
until 1t 1s removed 1n 2 progressive manner (apparently, by the parenchymal cells
of the Iner) excreted into the bile, and elimwmated 1 the feces The normal
value for the mjection of 5 mg/hg 15 less than § per cent retention 1n the blood
stream forty five minutes after mjection  Vatues of retention greater than 5 per
cent are roughly proportional to the extent of liver dysfunction, if the patient s
general medical condition 1s normat and there 1 no obstruction to the biliary
system Retention may occur wm the absence of chrontc Iver disease m patients
with hemorrhage, shock cardiac failure trauma operative procedures, certamn
febrile 1linesses, or febrile and nonfebrile statcs following injection of pyrogenic
material

Tt 18 considered one of the most sensitnve and rehable tests detecting mmmal
or early impmirment of the function of the Iner parenchyma as well as demon
strating advanced Inver damage Retention suggests parenchymal damage or
extrahepatic bhary obstruction

(2) Hippunic Acid Test —Benzoic acid 15 admimstered by mouth or mtra
venously, and the amount of lippuric acid excreted in the urine 1s measured  The
formation of hippuric acid from gly cine and benzoic actd 15 a function of the Iner
In contrast to the BSP test the huppuric acid does not depend on the patency of
the bihary system  The mtravenous test can be reproduced more casdy 1nd 15
more sensitive than the oral test  Considerable nver damage must occur before
1t 15 positive

(3) Level of Prothrombin, Response to Vitammn X —A failure of the pro
thrombin level to respond to vitamin K admunmstered parenterally is important
evidence of hepatocellular damage but 1t docs not mndicate the type of damage
Smnce the prothrombin level of plasma may be decreased when other tests of Iner
function arc normal 1t should be determed whenever disease of the hver or
bihary system 1s suspected especially 1f surgreal procedures are contemplated

(4) Galactose Tolerance and Clearance Tests —These test the ability of
the liver to metabolize carbohydrate 1 e galactose The galactose tolerance test
15 an oral test in which the galactose mgested by the patient and the galactose
excreted 1 the urine during five hours 1s determined quantitatrvels  The galac
tose clearance 1s an intravenous test  The galactose 1s given mtravenously and
after seventy five minutes the amount of galactose in the venous blood 1s deter
mined quantitatively  The intrayvenous test is the more accurate

Technically the chemtstries arc somewhat difficult  These galactosc tests arc
stmylar 1n 1importance to the BSP and the hippuric ad test«  The BSP1s how
ever the most sensitive of the three

(5} Total Cholesterol, Cholesterol Esters —In acute hepatocellular disease
and diffuse fatty (nututional) crhosis of the liver the cholesterol 1s usnalh
normal or below normal 1rrespective of the biltrubinemia  The cholesterol esters
mav decrease out of proportion to the decrease in cholesterol  The determination
of cholesterol and cholesterol esters has sigmficant hmitations as a test of iunctlr;n
of the hiver and brliary svstem <m)ce changes may, occur m other diseases that do

ructures prrmariy
noésﬂgi‘;l:‘%s;:%xcrethf’rest —Bihirubm 1s injected and the am;mnt ucr(einsd
The test 15 apparently more sensitrve than the BST test i detecting dy
tested h n the non jaundiced patient  This test may be
function of the Iver parenchyma i
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the only test that 1s abnormal n patients with constitutional hepatic dy sfunction
(7) Plasma Protems — Chronic parenchy mal disease of the hiver is frequently
associated with decreased albumin levels In acute yellow atrophy plasma fhibnn
ogen may decrease below normal to such a degree as to produce hemorrhagic
manifestations
(8) Stability Reactions of Blood Serum —These are the tests referred to by
Himsworth® as empurical tests They depend on the production of flocculation
or turbidity of a combination of serum with reagents, such as an emulston of
cholesterol and cephalin a buffered solution of the phenolic compound thymol
a solution of a dye, cotloidal red solutions of heavy metals such as colloidal gold
or mercuric chlonide 1n the Takata Ara reaction
(a) Cephalin cholesierol Nocculation Tes! of Hanger —Results are recorded from
Oto4plus A 3 plusor 4 plus reactron 1> distinctly abnormal and consistent with
but not neccessarily diagnostic of damage to Iiver cells  Positive tests may occur
1n atypical virus pneumonia malaria syphilts mfectious mononucleows and con
gestive heart failure  The test takes forty eight hours to do
&) Thymol Turbidity and Flocculafion Tests —In the turbidity test a thymol
barbital buffer solution 1s added to the serum  In one half hour the turbidity 1s
determmed by comparnng the specimen tested with standards The results are
recorded mm units  Zero to 4 umts are considered normal  The pur of the reagents
used 15 tmportant  False positives are sometimes found in rheumatoid arthnitis
virus pneumomnia heart farlure and infectious mononucleosis
The flocculation test 1s an adjunct to the turbidity test The tube 15 allowed to
stand overmght and the flocculation read 0 to 4 plus  Zero to 1 plus 1> considered
normal
(¢) Colloidal Red Test —The <erum 1s mised with a buffered solution of Schar
lach R or Sudan IV and the flocculation produced 1s read after twenty four hours
(dy Collordal Cold Reactron —Serum 1> mixed with colloidal gold  The collordal
gold solution 1s added to senal dilutions of serum and the tubes are read after
tuelve to twenty four hours
{¢) Takate Ara Reaction —The serum 1s diluted and alkalmzed and a dilute
solution of mercunc chloride added The mixture stands from twelve to twenty
four hours and the flocculation 1s read 1n six dilutions
Ham* gives a discussion of the limitations and nterpretations of the above
tests 'The cephalin cholesterol flocculation test 1s a sensitive screening test It
mdicates maptent or occult damage to liver cells m patients with or without
jaundice In viral hepatitis 1t 1s positive as long as active disease of liver cells 15
present It does not indicate quantitatively the degree of Iiver impairment n
hepatitis or airrhosis A positive test with obstructive jaundice suggests dam
age to liver cells
The thymol turbidity and flocculation tests are positive 1n more than 90 per
cent of cases of infectious hepatitis  They are usually negative in jaundice due
to extrahepatic obstruction In infectious hepatitis positne thymo! turbidity
and flocculation tests persist longer than positive cephahn flocculation tests
Thymol tests are techmcally more satisfactory than cephaln flocculation tests
In mfectious hepatitis Neefe and Reinhold!®* found the cholesterol flocculation
and thymol turbudity tests sensitive indices of the onset and the remussions of
hepatits In non icteric chronic hepatitis produced n volunteers Neefe!®® found
the thymol turbidity test and the colloidal gold tests abnormal when many other
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tests ncluding the cephalin flocculation test, were normal  The coliodat gold
test 1s perhaps more sensitive mn certain mstances of hepatitis - It is nat, however,
widely used

The Takata Ara test 15 posttive 1 a igher mcidence 1 crrrhosts and bepatitis
than m diseases 10 which the hner 1s not nvolved

In general positive findings occur 1 those cases m which there 15 clevation of
serum globuln or decrease mn serum albumin or both

(9) Allzaline Phosphatase of Serum —Gutman and collaborators' have
studied the alkahne phosphatase of the serumn, determined by the Bodanshy meth
od 1n patients wath and without disease of the hiver and bikary svstem In 90
per cent of cases with obstruction of the common bile duct serum phosphatase
levels were more than ten Bodansky umts A similar percentage of patients with
* catarrhal’ yaundice had less than ten Bodansky untts  The serum phosphatase
was normal in 13 cases of hemoly tic jaundice It may be sigmficantly elevated m
chronic cholangiolitic hepatitis  The mechamsm of this phenomenon 1s not clear

The reactions of 2 man as expertenced mn hiver discase to these function tests
are worth quoting Dr Himsworth feels that (1) the presence of jaundice 1
a sufficient indication of the mability of the hiver to excrete (2) The brom
sulfalem test 15 o useful index of the progress of the disea<e or for establishing
recovery  (3) A low level of plasma albumin 1 a patent who has syms of
Iner disease is sufficient proof of fatlure of one of the synthetic functions of
the parenchyma (4} A normal hippunic acid svnthesis test practically excludes
impairment of parenchymal function  (5) The thymol turbidity Tahata ira
Congo red Collowdal gold and the cephabin cholesterol flocenlation tests are
procedures found to give positive results m liver disease  Thev seem to tndicate
actrnve damage mn the parenchyma  (6) Tests to differentiate extrahepatic obstruc
tion from wflammatory jaundtce are on the whole unsatisfactory  This 1s under
standable because cholangitts and consequent parenchvmal damage sooner or
later supervene m the majority of cases ot obstruction to the bile ducts  Itis
therefore onlv in the earkier stages that negative reactions to the empincal tests
for liver damage or normal respanses to the tests for synthetic abality can be ex
pected  Abnormal results in the various tests are valuable confirmators evidence
of the conclusions reached on chmeal grounds

LIVER BIOPSY

W 1thout much doubt one of the greatest adyvances m the studs of Iner disease in
the last decade has been the development and perfection of the techmque of needic
biopsics of the hner  There are at present three standard methods of lnver biopsy
"Lhe hirst and oldest 15 surgical biopsy assotiated with laparotomy  the second the
perstoncoscopic blopsy and the third the needle bropsy developed by Roholm
and Tversen °

Any hiver biopsy provides only a small sample of the total lner substance A
generous surgical Iner bropsy may measure about { ¢m 1n diameter and represents
but about 1/1000 of the total Uver substance A perioneoscopie biopsy averages
3X3x4 mm and represents approuimately 1740 000 of the lnver  Results of
needle biopsy are very vanable and range from 1 25 000 to 1,50 000 of the hiver
me It 1s obuous that such small samples of the liver can permit correct

Lo only when that leston is diffuse and not focal But far

diagnosts of the lesion
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tunately, a large proportion of liver lesions are diffuse and, for the most part 1t1s
only the diffuse lesions that produce sy mptoms of biver disease  Any form of liver
biopsy 1f properly carnied out should perout the diagnosis of viral hepatitis,
hemochromatosts amyloid or fatts nfiltration bihary crhosis diffuse fatts
(nutritional) airrhosis  Each method has its advantages and drawback s
Surgcal biopsy 1s undoubtedly most satisfactory when there are proper indica
tions for performing a laparotomy  An operating room and general anesthesia
must be used The surfaces of the liver may be inspected and when focal lesions
are seen, a biopsy of such alesion taken It provades an ample amount of maternal
not only for histological sections but for certan histochemical examinations It
also permuts adequate precautions as to hemostasts  Such biopsies, however, are
probably only justifiable when the patient s condition warrants an evploratory
laparotomy and there are other adequate mdications for such a laparotomy
During the evploration the hiver margin has been frequently retracted for long
penods of time with metal instruments  Anoxemuc damage even acute hiver cell
necrosts occasional thrombn 1 the sinusoids hemorrhage and acute polymor
phonuclear infiltration may develop under such conditions and evidence of paren
chymal damage must be interpreted with wary scepticism
Pentoneoscopic biopsy 1s free of some of these disadvantages  Only local anes
thesia need be used  In expenenced hands it 1s a relatively safe procedure  The
Inver surfaces can to some extent be inspected and a biopsy or nopsies taken from
focal lesions  Operating room technque with surgtcal asepsis must be used and
the biopsies can penetrate only 0 3mm to0 4mm mto the hyver substance Inter
pretation of apparent fibrosis in such biopsies is very difficult as one may be mis
Ted by capsular thickening focal subcapsular scars and the hike
The third method that of needle biopsy of the Iner has been even more impor
tant as regards a greater extension of our knowledge of the pathology of the Iner
The subject was reviewed by Hoffbauer® m 1944 The onginal studies were car
ried out by Lucatello™ in 189> Vanous methods have been employed usin,,
different sized needles Small bits of tissue were secured by means of suction
applied dunng the advancement of the needle mto the Iner  This method was
very successful when used by a group of Danuish mvestigators Roholm and Iver
sen? and Roholm and hrarup * ® They descnibe a postenor lateral approach and
employ a needle with a serrated cutting edge The same techmque has been
utihized by Dible McMichael and Sherlock 31n 1943 1n a studs of the changes in
epidemic and other forms of hepatitis
Tnpoh and Fader™ 1n 1941 discussed the use of a new biopsy needle the Silver
man Needle for this purpose They advocated an antenor approach entering
the Iiver beneath the costal margin at the lateral edge of the nght rectus muscle
The Silverman Needle was described in 1938 by Silverman® for use m tumor
biopsy It 1s of ingenious design and consists essentialls of a double needle
The outer needle 1s a 14 gauge hypodermic needle with a bevel tip  The nner
needle winch1 splt fongtudinally down the hub fits 1nside of the outer needle
Before use the o0 needles are assembled so that the tip of the mner needle 1s at
the beveled tip of the outer one  When introduced mto the liver the inner spht
needle cuts a small cylinder approumately 2 mm 1n width and from 2 to 3 cm
wn length of liver tissue which 1s trapped between 1ts tno prong  The biopsy s
cut from 1ts point of attachment by advancing the outer needle over the inner one
and then the two needles are withdrawn simultaneously  The procedure 1s carned
7
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out under local anesthesta, does not need the use of an operating room and 1f one
15 careful to anesthetize the panetal pentoneum, causes httle discomfort to the
patent A lateral approach through the pleura and diaphragm 1s preferred by
many, as1t 15 considered less hazardous if the liver 15 normal m size

Needle biopsy 1s therefore a rclatively stmple and quickly performed procedurc
Itisnot however, an entirely safc one  Mallory *1n 1949 reports 2 deaths in 500
biopsies (0 4 per cent) and feels that this 1s probably an average figmre  Hims
worth® in 1947 states (p 137)  ‘But the procedurc (puncture biopsy of the Inver)
1snot without its danger and its imitations - Its mam danger s haemorrhage from
the perforation i the liver, and puncture buopsy should neser be done on any
patient who 1s either bleeding or whose prothrombin index 1s subnormal ” Hoff
baucr™ in 1947 further states that 1t should not be done unlcss there 1s an enlarged,
eastly palpable Iver  For cases with a Iner of normal size, 2 procedure which he
calls laparoscopy’ should be used This amounts essentially to a needle bropsy
m which the biopsy of the liver 15 watched through a peritoneoscope It has the
advantage that the bropsy site can be selected and the danger of the biopsy needle
entering the bowel or gallbladder 15 ehminated

That such needle biopsies have been of tremendous value 1n mereasng our
Knowledge of Iner discase 1s not debatable It makes possible definite diagnoses
in many patients i whom other tests have been inconclusive It has given us a
chance to follow the course of non fatal Iiver disease such as viral hepatitis It
has also given an opportunity to judge the efficacy of treatment in such conditions
as diffuse fatty (nutrittonal) airrhosis  As Himsworth® states (p 138) it 1sstill
a matter of controversy whether 1 view of 1ts slight but undentable nsk the pro
cedure 1s justifiable m clintcal practice  He concludes however that the
advantag es of 1ts discriminative use scem to outweigh its dangers  This would
seemn to be pretty much the universal optnton of all authontics on the subject

NEWER CONCEPTS OF NORMAL AND ABNORMAL
BLOOD CIRCULATION

1) Normal Circulation —In recent vears much fascnating work has been
done 1n relation to the blood arculation of the normal and the pathological liver
Marked advances have been made w our understanding of these problems by
ysing a combmed evpenimental and phj siological approach

hnsely 7 1 1949 reported his studies on the blood flow through the normal
frog lwer transillummated in situ by means of fused quartz rods He demon
strated that the hepatic artery and portal vem <end branches to the periphery of
each Iver lobule  The artertales run alony, the interlobular portal venule Jike a
vine on 2 tree  Dvery Jiver sinusotd 1s found to connect with a termunal venule
Every sinusold or almost every one 1s also connected wath an artenal twig from
the hepatic arters  He found contractile arterio portal anastomoses 1ntercon
necting hepatic artersoles and portal venules  He felt that he could d}elmnnstra:lc
an afferent tmlet sphincter and an cfferent outlet sphincter for ea}c1 smu501d
He states that the relative composition of the blood Supp)leli] u;’ t etsmtsz:w s
15 dependent on the degree of dilatton or tonk. contraction of the cp:t ;c a ten
the arterio portal anastomasis, and the afferent interlobmlar portal venuk
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According to lus views, these sphincters cause the liver to store or release blood
and m this way affect the circulating blood volume and cardiac output
Similar studies were made by Seneviratne®! m 1949 on frog, mouse and cat
Iners using a very simlar technique His findings in the three amimals were
escentrally the same as those of kmsely”* for the frog save that he could not dem
onstrate the sphincters described by Rmsely
He was very much impressed by the readiness wath which the circulation of the
Jobule reacted to various simuli  Under normal conditions he found an urregular
mtermttent rhythm to the blood flow through the sinusoids  Adrenalin led to 2
marked constriction of all the ramifications of the portal radicals, the sinusoids
and the hepatic arteroles A wide variety of stimuli such as trauma burns heat
and cold, caused a temporary contraction of the smusoids There was also
considerable effect on this arculation by respiration, a constriction occurnng
during deep nspiration
Bollman ™ tn 1945 reported a study of hepatic blood flow using a device called
a ¢ thermostromuhr which measures blood flow by the cooling effect that 1t has
on 2 heated capsule placed m contact with the vessel By this means he found
that 75 to 80 per cent of the blood to the Iiver came through the portal ven and
20 to 25 per cent through the hepatic artery This was altered by all the factors
that affect the general circulation and after a meal the amount of portal blood
flowing through the liver may increase by 200 to 300 per cent
Investigation of the distribution of the portal blood stream has led to some
iteresting and significant discoveries  Although 1t had been suspected for quite
a while that different portions of the Irver received blood from different regions of
the alimentary tract Copher and Dick ! 1928, first demonstrated the correct
ness of this supposition  Thev injected dye mnto the splente or supenor mesentenc
vemn and found that the currents from these vessels kept to the left and nght
respectively 1n the portal vein  As a result of this the blood from the intestines
passes mamnly up the right branch of the portal vein to the rnight Jobes while that
from the spleen goes to the left lobes This has been confirmed in other ammal
evperiments and 1s used by Himsworth®! as an explanation of why 1n dietary ne
crosis the left lobe 1s more affected than the nght
(2) The Circulation 1 Crrhosis —The vascular picture m the liver 1s
markedly altered m arrhosis  One of the first studies of this was done by Mc
Indoe® 1n 1928 By theinjection of the portal hepatic venous trees with cellordin
he demonstrated that the total vascular bed i cirrhosis 1s markedly reduced from
what 1t 15 found to be in the normal liver kelty Baggenstoss and Butt ™ m
1950 give a good discussion of how this comes about Degeneration and necrosts
of the liver cells leads to a collapse of the sinusoids the connective tissue and the
reticular framework Regenerating nodules of ver tissue displace the simusoids
and reticulum towards the periphery so that the central veins are found close to
the penlobular connective tissue surrounding the regenerated nodule With
further injury and further regenerated nodules this process becomes more and
more marked The result 1s thick connective tissue bands between the remaming
nodules of parenchymal tissue  Although most of the sinusoids are obliterated
by thus process 1t 15 believed that some remain open and through these the portal
blood may flow mto the central and smallest hepatic veins without commg into
contact with liver cells  In this way an internal portacaval shunt 1s dev eloped
The blood supply to the regenerated nodules 1s believed to be mainly arterial the
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artenal blood emptying 1nto eccentncally and penpherally placed central and
hepatic veins
(3) Experimental Vascular Lestons —Lxperimentally partial and complete
obstructions of the hepatic blood vessels have been produced and the results
compared with simlar lestons observed m man  Himeworth,* in 1947 gres a
good review of this subject
Sudden, complete obstruction of the portal vem 1n a short time causes death
from paralysis of and hemorrhage wito the intestines The same result and
consequence 1s scen in man as the result of thrambosis of the portal or mesenteric
vans X one of the man branches of the portal vemn m the Iiver 1s occluded
atrophy and fibrosis of the portion of the Inver supplied by the ohstructed vessel
occurs  No conspicuous necrosis of liver substance occurs A similar picture oc
curs 1n the whole hver 1f an Ech fistula 1s produced
In the normal liver a sudden acute occlusion of the hepatic artery results
necrosis of the hiver and death of the ammal or individual  Recently Marko
witz'® has found that although m the dog, tving of the hepatic artery causes ne
crosis of the hiver and prompt death within twenty four hours 1t if receives a
large dose of pemaillin 1t hives for five or six days and the Iver appears normal
If the pemeithn 1s Lept up for ten days the dogs survive indefinitely thereaiter
with no further pematllm The apparent esplanation of tus phenomenon 1s
found 1 the histological examnation of the necrotic Iisers  The portal vens are
found to be hlled with masses of bacteria  Thus 1s not true of the livers of those
ammals that are grven pentaillin - As simular bacteria have not been described in
human hvers with obstruction to the hepatic arters where the picture scems to
be that of bland anemuc mfarction 1t would seem possible that this discovery 1s
not entirely applicable to man
Expenimental partial obstruction of the hepatic vemns results mn a central
hemorrhagic necrosis followed by fibrosis around the central veins In Chiants
syndrome where there 1s an obliterating endophiebitis of the hepatic veins a
similar situation develops and 1t 1s also found in right sided cardiac fatlure  The
cause of this central hemorrhagic necrosis has long been disputed among patholo
gists many of whom have explamed 1t on the basts of a high pressure i the m
fertor vena cava Himsworth® points out that 1if this were the case unless the
direction of the portal flow of blood were reversed—of which there 15 no evidence —
the necrosis should be peripheral in the lobule rather than central  He feels that
the only possible explanation for this necrosis 1s a lack of nutrstion or oxvgen to
the central cells
(4) Anoxta of the Liver —Himsworth makes <everal intercsting and worth
while points about the relation of anoxia to fiver cell nccrosts 1t has been shown
that if the lobule 1s deprived of artenal blood necrosts accurs and that the most
wmportant function of the artenal blood 1s to bring oxygen to the liver cells
Ssmularly 1t his been shown that man or animal exposed to an atmosphere defi
cent m ovygen develops central necrosis of the Iner As has been described
above a simular leston develops when the oxs gen supply to the hiver s dimmished
failure
mﬁiﬁcxs however relatnve to and dependent on the need of the txs;:m for
ovygen I the need of the Iver cells for oxygen 1s increased as x;ﬁls m! Jr{’;crr
thyroidism an oxygen tension in the hepatic blood which nshsuh cien naor
normal conditions  becomes inadequate and Iner changes which ranze
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centrilobular fatty degeneration or necroms to massive necroms develop A
similar ncreased need of o) gen occursin pregnaney  The ovygen tension scems
more important than the actual amount of oxy gen brought to the tissues
Himsworth® feels that in the diseased Iner many of the changes found may be
consequent to derangements of the arculation  With toxic lesions such as that
produced by carbon tetrachlonde the tovn seems to produce a swelbing of the
cells on the penpheries of the Jobule which compresses the sinusoids and results
mn a0 schema and necrosts of the central cells  In massive hepatic necrosis
(acute vellow atrophy ) swelling of the penportal fver cells and peniportal hemor
rhages may prevent normat circulation and contnbute to the necrosis  Infiltra
tions of the liver, such as fat compress the sinusoids and throttle stnusadal ar
culation  As has been pomnted out abave the distortion of the circulation
crthosis decreases the crculation to the remaming Inver tissue
Following thus hne of reasomng he pomts eut that in many abnormal conditions
of the ner the leston which domnates the present state and future course is due
not to the drect and specific action of the pathogeme 1gent which mitiates the
tilness but to a secondary phenomenon consequent upon a nonspecific derange
ment of the mtrahepatic arculation These are secondary rather than prnimary
lesions
(>) Portal Hypertension —Portal hipertension and the symptoms 1t pro
duces result 1n some of the more serious citnical problems that arse m currhosis
and chronic hepatitis  Any marl d degrec of portal obstruction will cause portal
hypertension  As explamed above such ohstruction occurs m curhosss of the
lfiver probably as a result of pressure on the portal blood vessels due to the en
panding nodules of regeneration  Hernich 3 in 1907 found obstruction to the
mnflow of portal blood on perfusmg cirrhotic lners It has also been demoustrated
by direct measurement of the pressure m the portal vem at eperation on paticnts
with airthosis (Thompson 19401
As a result of the portal hnpertension collateral arcvlation develops  The
three most important sites for tius colateral airculation are at the junchion of the
wophagus and stomach the anus and rectum and around the umbilicus  As far
as the patient 1 concerned thos at the cardio esophageal region are by far the
most important as their rupture produces gastrointestinal hemorrhage which 1s
a common cause of death m crerhosts
The relationship ot asaites to portal hypertension 15 perhaps not quite so clear
cut, but most authorities will agree that the hy pertension 1s one of the important
factors in 1ts production  Other contnbuting factors in the production of a.cites
are hy poprotemenmia and perhaps the antidwretic prinaple found by Rally ef g7 me
{1945 in the urine of pattents with hver divease
In recent years many surgical measures have been tried in attempts to prevent
death from rupture of esophageal vanices  Most of these were summarized by
Linton® 1 1948 The operations tned have I een (1) hgation of the splenme artery
(2} spleniectomy, (3} omentopexs (4) ligation of the left coronary and gastnc
vams (o} transthoracic hgation of the penesophageal vems (6) total gastrectomy
(7} esophagogastrectomy (8) myction of the esophageal vances with a sclerosing
solution and (9) the creation of a portacaval shunt  All but the last have on the
whole vielded poor results
The method recommended and used by Linton® combines o splenectomy and
end to <ide anastomosts of the splemic and renal vems  1he Icit bidnes 15 not
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removed or myured It has been used not only m patients where the portal hy per
tension 1s due to mtrahepatic portal bed block as i cirrhoss, but also where
extrahepatic bed block, such as occurs with portal thrombosis, bas been present
Followiny, this operation the reduction 1n portal pressure has been very encourag
mgan the extrahepatic group and not quite so dramatic 1n the mtrahepatic group
It 1s still too carly to determine the ultimate value of this type of surgery, but to
date if a satisfactory shunt has been accomplshed, no patients have bled from
varices, and the hver function does not seem to have been seriously damaged

Rienhofi7 (1951) has recently developed a new operation for the treatment of
portal hypertension  Thts consists of a ligation of the common hepatic artery
distal to the departure of the gastroduodenal artery along with and i conjuction
with a higation of the splenic artery as it arrses from the coehiac asts  Each of the
patients was given both pemicillin and streptomycin before and after the opera
tion At the tume the paper was sent in for publication 6 cases had been success
fully operated on in this manner Before publication occurred, 6 more had been
done with equal success

It has been done only on mdividuals with 2 diagnosis of alcohobc or Laennec’s
arthosts  The chmical manifestations of portal hypertension, such as bleeding
from esophageal varices and/or ascites have apparently been allaved by this
operation  The rationale of the operation 15 that expertments have proven that
tymg the hepatic artery reduces the portal blood pressure The splemic vemn
contributes not pressure but blood volume to the portal system Rienhoff,
however feels that it 1s necessary to tie 1t too, to insure the success of the opera
tion He states that he does not presume that this operation will always be suc
cessful and much may depend on the stage the disease has reached at the time of
operation Its simplicity recommends 1t and 1t seems well tolerated by moder
ately sich patients

VIRAL HEPATITIS

Introduction

Under tius heading the group of diseases associated with the pathologmeal and
chimeal findings of hepatitis of probable viral etiology will be discussed  The
first and perhaps most mmportant of these conditions i known as  Infectious
Hepatitis  The second 15 usually known as  Homologous Serum Hepatits
In this second group are tncluded cases of viral hepatitis which have been aca
dentally and artiheath produced as a result of mtroducing mto the blood or
tissues an agent contamng human blood serum 1nfected with a virus tapable of
producing a hepatitis which according to all observers 15 very simlar chnreally
to ¢ Infectious Hepatitis and so simlar pathologically that the lesions seem rden
ical and mdistinguishable

Because of this a general discussion of Infectious Hepatits wall first be gnen
followed by a companison of 1t with the Homologous Serum Hepatitis and fnally
by a description of the pathology common to both groups

Infectious Hepatiis

(a) Nomentlature —In the past this condition has been referred to as catar
rhal jaundice or non-spirochetal nfectious yaundice For a peniod aiter 1937 it
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was referred to as infectious hepatic youndice At present the approved termin
ology seems to be ‘mnfectious hepatiss for the sporadic cases and  1nfectious
epidenuc hepatitis  for thase cases whick occur during outbreaks
(b) Hastory —Infcctious hepatitis 1s certamly not o new discase  Its ongmns
are obscured 2s a result of the fact that untit modern times 1t was not clearly i
furentiated from other types of infectious yaundice such as Weil’s distase and vel
Jow fever Hippocrates hnew and wrote about contagious jaundice  In the exghth
century AD Pope Zachanias and Sant Bontface described an epidermic of jaun
dice  Considerable contagious jaundice occurred dunng the American Cuvil War
This was also true duning the First World War at Gallipolt and the Dardanelles
n 1915~1916  Some of these earlv attacks were undoubtedhy Wals dhsease, as
this disease was not well recognized
1rom the pathological standpomnt Roltanshy'' m Vienna in 1842 described
jaundice due to massive necross of the Iiver  This was the picture that has been
Lnown for years as ‘acute yellow atrophs ’ of the lver In 1860, Virchown'®
described a benign transient form of jaundice which occurred most commonty m
young people He considered this to be the result of a catarrhal mflammation of
the bihary system with a mucous plug formung 1a the papila of Vater It was
{rom this description that the termimalogy ¢ catarrhal jaundice ” arose The
concept that these two conditions might be mamfestations of the same disease
gained no credence although it was suggested by Flindt®® m 1890, Cochayne'®
1912 and a group of Scandinavian myesngators Lindstedt® in 1919 Ehrstrom®®
in 1927 and Wallgren™ 1w 1930 \n understanding of this problem was not
reached untit after 1942 when attention was focused on this disease by an out
break of jaundice of conuderable magmitude which occurred 1 the Army of the
Umted States and tn the British Army  As & result of this outbreak many inves
tigations from the chinical bactenological and pathological standpomnt have been
carried out and have led to a mart ed clanfication of our understandmg of the
disease
{<) Etiological Agent —It 1s now believed that nfectious hepatitis 1s caused
by a speaific virus or a speaihic group of virnses  Havens™®=+ m 1045 and 1946
descnbes a filterable agent, presumably a virus which nas resistant to 56° € far
at least thirty munutes  Although mvestigation of this virus has been handi
capped by the tact that no susceptible ammal can be fmund considerable progress
has been made as the result of the use of human volunteers for the purposes of the
study By this means 1t has been found that the virus 1s present in the stool and
serum dunng the pre ictenic and the early sctenc stages of the disease It has
been transmmtted to volunteers by feedmg or parenteral moculation of these
matertals  Symilar studies of the wfectivity of unne and nasal washings have
proven contradictors
From two widely separated outbreaks of mfectious hepatitis Henle et af # 1n
1950 obtained two strans of viruses one called Akiba and the other the NL
Strain  These were obtamned from the serum and stools of pattents  They were
grown 1n tissue cultures of rabbut liver cells 1n rolker tubes and m mimced chych
embryos in the Sunms-Sandcrs medium  This was followed by the passage of
the virus m the amniotic cavity of the chick.  Cultures of both of these strains of
wiruses induced mild hepatitis wathout jaundice 1 the majority of the volunteers
tested Drake e a/ * m 1950 continued this work by comparing the disease
produced by the cultured virus with that produced by the miection with the
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temoved or mnjured It has been uscd not only in patients where the portal hy per
tension 15 due to intrahepatic portal bed block as i cirrhosis but also where
extrabepatic bed block, such as occurs 3 ith portal thrombous has been pre.cnt
Tollowing this operation the reduction in portal pressurc has been very encourag
g, 1n the e xtrahepatic group and not quite so dramatic in the mtrahepatic group
Tt 15 still too early to detcrrmine the ultimate value of this tvpe of surgery, but to
date if a satistactory shunt has been accomplished, no patients have bled from
varices, and the hver function does not seem to have been sertoush damaged

Rienhoff? (1951) has recently developed a new operation for the treatment of
portal hypertension This consists of a higatien of the common hepatic arteny
chstal to the departure of the gastroduodenal artery along with and m conjuction
with a ligation of the splenic artery as 1t arises from the coeliac aws  Each of the
patients was grven both pemcilhin and streptomycin before and after the opera
tion At the ime the paper was seat m for publication, 6 cases had been success
tufly operated on in this manner Before publication occurred, 6 more had been
done with equal success

1t has been done only on mdividuals with a diagnosis of alcohohe or Laennec s
crrhosts  The chinical mamfestations of portal hvpertension such as bleeding
from esophageal varices andjor ascites, have apparently been allayed by this
operation  The rationale of the operation 1s that expcriments have proven that
tying the hepatic artery reduces the portal blood pressure  The splentc vein
contnibutes not pressure but blood volume to the portal system  Rienhoff,
however feels that 1t 1s necessary to tie 1t too to mnsure the success of the opera
twon  He states that he does not presume that this operation will alnays be suc
cessful, and xouch may depend on the stage the disease bas reached at the tune of
operation  Its sumplicity recommends 1t, and 1t seems well tolerated by moder
ately sich patients

VIRAL HILPATITIS

Introduction

Under this heading the group of diseases associated with the pathological and
cluucal findings of hepatitis of probable viral etiology will be discussud  The
first and perhaps most smportant of these conditions 1s known as  Infectious
Hepatitis *  The second 15 usually known as  Homologous Serum Hepahihis
In thes second group are included cases of viral hepatitis which have been acct
dentally and artificially produced as a result of introducing into the blood or
tissties an agent contammg human blood serum infected with a virus capable of
producing 2 hepatitis which according to all observers, 1s very sumtlar chnrcally
o Infectiou. Hepatitis and so sumlar pathologically that the lesions seem sden
tical and mdistinguishable

Because of this 2 geveral discussion of Infectious Hepatiis will first be gnen
followed by & comparisan of 1t with the Homologous Serum Hepatitis and hnally
by @ description of the pathology commen to both groups

Infectious Hepatihs

(a) Nomenclature ~In the past this condition has been referred to as watar
rhal jaundice or non spirochetal infectious jaundice  For a penod after 1935 1t
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cedures used i tmmumzation against or 1n therapeusis of conditions unrelated to
the hepatitis
Probabh the largest numbers of patients fall mto the group that have such a
hepatitis following blood or plasma transfusions  One of the first reports of this
condition was given by Rappaport!* (1945) He descnibed hepatitis occurring 1
32 patients evacuated from overscas who developed jaundice nine to eighteen
weeks after a blood or a plasma transfusion  Paul and Havens ef al * (1945)
Neefe et al 1% (1945), Havens® (1946), and Stohes? (1951) have isolated the
virus and carnied on transmission experiments using human volunteers  Stokes
summarized this work and compared the virus of serum hepatitis with that of
infectious hepatitis  He found that the incubation period 1 infectious hepatitis
was twenty to forty days and n serum hepatitis sicty to one hundred twenty
days Secondary cases were common in infecttous hepatitis and uncommon 1n
serum hepatitis  The virus could be 1solated from the feces and blood 1 infectious
hepatitis and from only the blood 1n serum hepatitis  Infectious hepatitis was
uncommon after forty years of age, whereas serum hepatitis was more commeon
after forty years of age Oral admimistration of infected serum produced infec
tious hepatitis but failed to produce serum hepatitts  Both viruses showed evi
dence of homologous immunity but no evidence of heterologous immumnity
Sumlar serum hepatitis has been apparently produced 1n a vanety of other
ways Rosenthal ef al * * 1n 1950 reported serum hepatitis produced by plasma
despite wrradiation of this plasma with ultraviolet rays  Thrombin used for
hemostasis in surgery was incriminated by Lesses and Hamolsky™1n 1951 They
noted that no vinadal techniques were used 1n the preparation of the thrombm
It has also followed the use of convalescent serum for measles and mumps, Beeson
et al® 1944, and the immumnization against sand fly and vellow fever, Runyan
etal 11950 It has also been transmitted by sy ringes and syninge needles which
have not been properly stenlized, m the ad ration of arsph for
svphilis and the admimstration of insulin i the treatment of diabetes (Capps
et al 4 1948 Sherwood™ 1950 Droller ) It has been reported to follow even
tattooing with a common needle (Roberts and Still's 1950) (Smth® 190)
The hepatitis following vaccination against yellow fever (Findlay® 1944) and
the hepatitis seen m arsenic therapy for syphilis have been worked up quite ex
tensively
Hepatitis Following Vaccmation Agamnst Yellow Fever —This was seen
n both American and British troops in the Second World War as all troops gomng
to areas where yellow fever was endemic were so tmmunized The vacane used
contaned attenuated yellow fever virus suspended in human serum  From 1 to
10 per cent of the batches used apparently contained the virus of serum hepatitis
Almost 50 000 cases of serum hepatitis folloned the use of this vaccme The
mcubation period vared from three and one half to thirty four weeks The
hepatitis was rarely fatal the mortality bemg between 1 45 and 2 per 1000 cases
The disease was transmitted to volunteers by Oliphant Gillian and Larsoni® in
1943 and by Oliphant!! in 1944  They produced hepatitis both by using a so
called 1cterogenic strain of vacame and by moculating pooled serum from human
cas s with hepatitis which had followed the use of the vaccine According to
Badger* (1944) jaundice ceased following the vaccination when use of human se
rum 1n 1ts manufacture was discontinued  All authonties agree that the chnical
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uncultured virus from the same source  They felt that the disease produced was
the same
Henle ¢/ al® 1 1950 and Stokes?” in 1951 discussed a shin test antigen for
infectious hepatitis obtamned from the ammotic flind of the chick embryos
fected with the virus of infectious hepatitis  As a result of about 5,000 such skin
tests they felt that they had obtamed specifically positrve shin reactions 1 all
individuals with past Iistorses of spontancous or induced mfcctions hepatitis
In contrast to these findings the madence of positive tests among cases of post
serum hepatitis was no greater than that found in an adult group chosen at ran
dom
(d) Eprdemrology —In 1946 Hardy and Feemsterts discussed the epidemiol
ogy of wfectious hepatitis  All ages scem susceptible, but the discase 1s most
common between the ages of six and forty years  Both sexes seem to be equally
susceptible although males are more apt to be massed together ander conditions
favorng epidemics than are fomales  The geographic distribution seemed to be
world wide It 1s very difficult to get any worthwhile concept of the imcidence
Sporatie cases are always present  Eprdemics occur from time to time in the
Army, Navy in camps and mstitutions  Only 1 Tinland ind Switzerland 151t
a reportable disease and in these two countrics 65 000 cases were reported m
1943 There seems to be no striking seasonal meidence
Studies on immumity have been hampered because of the difficultics in idents
fymg the specific virus causing the mfection  Much confusion has ansen due to
the fact that the mfectious hepatitis and serum hepatitis seem to be caused by
sumlar but antigemcally different viruses The general impression has been that
remfection by the same virus 1s very exceptional Lwvidence corroborating this
has been pubhshed by Stohes'¥ 1n 1951  Volunteers fected with the mfectious
hepatitis virus had hepatitis folloning the first do<e of the virus but did not have
1t following a second dose of the same virus  The same volunteers agaw had hepa
titis with jaundice when given the serum hepatitis virus but showed no hepatitis
to a second dose of this same virus  The findings were simular when the first two
doses consisted of serum hepatitis virus and the next two were of the infectious
hepatitis virus
In expenimental infections Havens® (1946) found the sncubation period to be
between sicteen and thirty davs  This was unaffected by the size of the dose
gnen  Studies of epidemics would ndicate that the mcubation penod of the
naturally acquired diseasc 1s quute variable It has been suggested that this
may be due to a difference in virulence of the virus
The methods by which the disease 1s transnutted are still somewhat 1n dispute
As the virus 1s known to be present mn the feces fecal contamination of water and
food would seem to be the most obvious method of spread of the disease  Neefe
and Stokest® (1945) described an epidemuc 1n a camp which was apparently due
to fecal contammation of water Hardy and Feemsters (1946) felt that the cases
1n Massachusetts could be best explamed due to droplet infection from coughtng
Attempts to demonstrate the virus m nasal pharyngeal washmngs howiver
have not been very successful

Serum Homologous Jaundice

entioned above thus terminology 1s used for cascs of viral hepa

As has been and artificially produced resulting from nro

s which huve been accrdentally
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cedures used 1 imroumzation agamst ur w therapeusss of conditons unvclated to
the hepatitis
Trobably the largest nurabers of patients fall into the group that have such a
hepatitts following blood or plesma transfusions  One of the first reports of this
condition was gnen by Rappaport™ (194y)  He described hepatiis occurnmg in
32 patients evacuated from overseas, who developed jaundice mne to ghteen
weehs after a blood or a plasma transfusion  Paul and Havens ¢f o/ ' (1945)
Neele ¢f al 19 (1945), Havens® {1946), and Stobes™ (1951) have wolated the
virus and carried on transmission experiments using human volunteers  Stokes
summanzed this worl and compared the vitus of serum hepatitis with that of
wfectious hepatitis  He found that the wmeubation pertod 1 mnfectious hepatitis
was twenty to forty davs and i serum hepatitis wixty to one hundred twenty
days Sccondary cases were common 1n infectious hepatitis and uncommon m
serum hepatitis  The varus could be 1solated from the feces and blood 1 infectious
hepatstis and from onty the blood 1 serum hepatitis  Infectious hepatibs was
uncommon after forty vears of age, wheyeas serum hepatitis was more common
after forty years o age  Oral admmstration of wfected serum produced wmfec
tious hepatitss but failed to produce serum hepatitis  Both viruses shoved evy
dence of homologous 1mmumty, but no evidence of heterologous ymmumty
Symiar serum he patitis has been apparently produced n a vanety of other
ways Rosenthal ef al?* m 1950 reported serum hepatstis produced by plasma
despate arradiathion of this plasma with ultraviolet ravs  Thrombmn used for
hemostasis m surgery was incnnunated by Lesses and Hamolsky 2m 1951 They
noted that no vinadal techmques were used i the preparation of the thrombmn
1t has also followed the use of convalescent serum for measles and mumps Beeson
ctal 1933 and the immunization agamst sand fly and vellow tever, Runyan
efal 191950 It hasalso been transmtted by syringes and sy ringe needles, which
have not been properly stunbized m the admmstration of arsphenamme for
syphabis and the admmstration of ysulm 1n the treatment of tabetes (Capps
et al % 1948 Sherwood'? 1950 Droller )= It has been reported to follow even
tattoomng with a common needle (Roberts and Sulin® 1950) {Smuthl 1950)
The hepatitis following vacanation agmnst yellow fever (Tindiay® 1944) and
the hepatitis seen 1 arsemc therapy for svphibis have been worked up quite ex
tensnety
Hepatitis Followmg Vaccmation Agamst Yellow Fever — s was seen
in both American and British troops in the Second World War as ail troops gomg
to areas where yvellow fever was endemic were so immumzed  The vacame used
contamed attenuated yetlow fover virus suspcnded m human serum  From 1 to
10 per cent of the batches used apparently contamned the virus of scrum bepatitic
Almast 50000 cases of serum hepatitts followed the use of this vacome  The
weubation period vaned from threc and one halt to thirty four weeks The
hepatitis was rarely fatal the mortality bung between 1 45 and 2 per 1 000 cascs
1he disease was transmitted to volunteers by Ohphant Gihan and Larsont® in
1943 and by Ohpbant™ m 1944 They produced hepitibis both by using @ so
called icterogen stram of vacone and by moculating pooled serum from human
s s with hepatitis which had foltowed the use of the vaceme According to
Badper® (1944) jaundice ccased following the vacaination when use of human e
fum m its manufacture was discontued  All authontes apree that the chimcal
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picture and pathology found i these cases was that of viral hepatitis rather than
that of yellow fever

‘“Arseno-Therapy" Hepatiis —This was first reported by Ruge? (1925)
who found that the jaundice occurnng m the syphibitics i the German Navy
increased proportional to an increase 1n non sprrochetal jaundice occurnng 1 the
general population  Sumlarly Beattte and Marshall' (1944) found a nise m
Jjaundice 1n sy phibitics corresponding with a nse in eprdemic hepatitis  Roholm
and Iversen® (1939) and IDible, McMichael and Sherloch® (1943) did needle
biopsies on these hivers and found the pathological picture similar to that of mnfec
tious hepatins  The mnadence of this jaundice was substantially reduced by the
mtroduction of aseptic techmque (Salaman ' 7 1944)  MacCallum?® (1944) trans
mutted this hepatitis to volunteers by the noculation of serurn from two cases
who had developed jaundice at the nmeteenth week of treatment Fecal sus
pensions by mouth did not produce the hepatitis  The mcubation pertod was
found to be between forty two and eighty days

One of the unexplained my steries of all these groups of serum hepatitis 1s why
certain sera contam viruses when such care 1s taken to use blood only from those
who give no history or evidence of hepatitis It has been suggested that healthy
carriers may exist but no actual proof of this has as y et been reported

Pathology

First, the pathology of I'atal Viral Hepatirs will be discussed and secondly
that of the much more common form of Non Fatal Hepatilss will be described
The mortality m most eptdemics has been only 0 2 to ¢ 4 per cent

Fatal Viral Hepatitis —Most cases of Fatal Hepatitis fall nto one of two
wroups  The first of these 1s sub acute and was described by Luche® in 1944 and
the second 1s the fulminant form and was described by Lucke and T B Mallory ™
mn 1936 Ahthough the clmical and pathological manifestations of the two types
are quite different there are enough powts of similanty and enough transitional
forms are found to make 1t obvious thit the disease 1s one and the same process

(a) Subacute Fatal Hepatitis —This description 1s based on the publication
of Lacke® ip 1993 i whak ke describes an outbreak of hepatiis in the Ymencan
Army dunng 1942 and 1943 He described 125 fatal ca.es all of which fell into
this subacute group The clinrcal picture was essentially the following  The
duration of sickness from onset to death was from twenty to fiftv days in 59 per
cent of these cases In none of them was 1t less than ten days and m a few ene
hundred days or more

Clinically he descnibed three phases or stages a pre icteric stage an inter
mediate stage and a final stage The duration of the pre ictenc stage the
magority of cases was seven days orless The man symproms in ths phase were
anoreua nau ca dark urine abdarunal distress vomiting malaise and weahness
The duration of the mntermediate stage was usually twenty six days or less The
symptomatology was very similar to the precedmng stage  On physical examina
tian there was jaundice and usually a Jarge tender Iner The majonty showed
no signs or symptoms ta lead one to believe that their coursc was not to be the
psual benign one  Many were allowed up and around the ward In the majoﬁé)
of patients the fina) stage Jasted ten days or less  Usualh this was ushered m by
a sudden dramatic change for the worse  The patients developed persistent
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vomiting asates and nervous symptoms such as restlessness delinum, and coma
Hreatic Patiorocy — Che liver showed by far the most significant pathology
The lesion was essentially that wiuch has been described for many 3 ears as sub
acute yellow or red atroply  The hivers nere emall, usually werghing between
1000 and 1 300 grams and sometimes as httle as 600 grams  They were grossly
deformed, showing large, depressed, atrophuc, red areas and large yellow nodules
of regeneration  Histologically i the atrophic areas there was a complete dis
appearance of hver cells  The lobular structure could stifl be made out a1t was
outhned by large numbers of small proliferating bile ducts  The smusouds nere
preserved and usually engorged with red cells This accounted for the gross red
color The reticular framework was not destroyed  Its meshes were narrowed,
the fibers shortened and thuckened  Fhe suevising conncctrve tissue showed hittle
or no collagen formation  There was mvanabhy an mflammatory reaction pre
domunantiv 1n the portal areas  In the early stages this consisted of about equal
rumbers of poly morphonuclear lenkocytes, y mphocy tes, plasma celly, and macro
phages In the later stages the polvmorphonuciear leut ocy tes decreased i num
ber Another quite charactenstic change was an endophlebitis wvalving the
efferent blood vessels  This nas most promment in the central lobular and sub
lobular veins The wall of the vein was thichened and appeared hyalinzed
Beneath the endothehial hmng was an exudate consisting of polymorphonuclear
leuhory tes, 1y mphory tes, plasma cells, and pigmented macrophages  The picture
m the nodules of regeneration was quite different  There was marhed evidence
of bypertrophy and mulbplication of the cells which had escaped destruction
Binucl and mul feate cells nere The lobular architecture was
usually atvpical  The lobules vaned in size beang usually Jarger than normal
and there wasno constant relationship between the central vem and the peniphery
of the lobule as shown by the portal areas  The liver cords were broad and srreg
vlar and the bile canalicuh were dilated  The hile canalicuh often showed bile
stasis as evidenced by inspissated masses of bile m their lumens
Extra HEPatic PATHOLOGY ~The extra hepatic pathology was not too note
worthy  Sometumes a small plug of mspissated hile was found i the common
bile duct or the ampulla  The lymph nodes particularly the regional ones often
showed 2 lymphmd hyperplasia  In about 60 per cent there was asates usualiv
of Z hiters or more  The weight of the spleen was commonty from 260 to 460
grams It shaned essentially, congestion and hyperplasia  In rare cases the
spleen weighed as much as 5 or 6 hundred grams This occurred only in those
mdviduals with a prolonged chmeal duration of the discase  The probable ex
planation of this was on the basis of a portal hvpertension  Involvement of the
}idneys vaned  Frequently there was a mod ly severe chol pt
A phlegmonous entenitis was found 1 about 15 per cent of this subacute group
It accurred only when ascites was present and was predomunantly m the ileo cecal
tegion  Grosslv the affected bowel was boggy and edematons The mucosa was
stially unbrohen but somctimes showed focal areas of hemorrhage Histolog
cally m addition to the edema mnfiltration with poly morphonuclear leuhocytes
or macrophages was found  With a Gram stain Gram negatwve bacilh and Gram
positive rods could be found 1n this edematous tissue  This entenitis was probably
best explained as a terminal imfection of the edematous bawel
In spite of the promment chnical signs of nenrological imyoh ement the pathol
ogy of the bram was not stnlang  Sometimes a shght lvmphoc tic infiftration of
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the memnges and a moderate pertvascular cuffing by lymphocy tes around the
small blood vessels in the basal ganglia 1 ere found ~ This mvolvement did not
suggest a direct virus infection of the central nervous system
Many of this series of cases must be considered as homologous serum hepatinis
rather than mfectious eprdenuc hepatitis as they followed vaccination against
Yellow Fever
(b) The Fulminant Form of Fatal Epdemic Hepatitis —In 1946 Lucke and
T B Mallorv® described 178 cases that fell into this group  The chmical course
of these cases was much shorter than that seen in the preccding subacute group
Tifty threc per cent died 1n less than ten days  Many died 1 three to four dayvs
and a few even before the onset of jaundice Forty three per cent of these mndi
viduals had a history of severe trauma or burns within four months of the onsct
of the hepatitis  Inasmuch as these were all military personnel it 1s probably
true that the majority of them were given blood transfustons at the time of the
trauma or burn  This 1s of importance because 1t suggests that this 43 per cent
may represent homologous serum jaundice rather than eprdemmc hepatitis Chat
cally the same three phases desernibed 1n the subacute group, could be recogmeed
The pre icteric phase usually lasted only two or three days Irequenthy the
terrmnal phase was only one to four daysin duration  Sometimes the mtermediate
phase nas so brief that it could not be recognized  The chaical svmptoms could
be divided roughly into tno tvpes  The first of these was called the mifectious
tvpe and showed 1tself as fever cmllimess shaking chills malaisc, and generahzed
aches and pains  In the second or gastromtestinal ty pe, the predominant svmp
toms were anorexta vormiting epigastric discomfort, or pain - Sometimes but
rather rarely the patient showed combmations of these two types of symptoms
Rarely the terminal phase was ushercd tn by severc cerebral symptoms  Asn
the subacute fatal hepatrtis, prodromal svmptoms did not indicate that the course
was gomng to be fulminant  The final stage 1n both the subacute and fulmunant
group was viry sinular  Jaundice often deepened rapidlv  vomitng became
severe and there was often evidence of bleeding from the gastromntestmal tract
mucosa Termmally they often showed signs of shock with pulmonany edema and
branchopneumoma
Parnorocic ANAtomy —The most strihing and important lesions were found
mn the iver  Grossly the reduction 1n size of the hver was usually moderate The
average weight was from 1000 to 1 400 grams Only rareh were 600 to 800
gram livers found  The surface of the Iner was smooth or imely wnnkled The
large nodules seen mn the subacute form were never seen  Small subcapsular
areas of hemorrhage were common  These hivers were very soft and flabbv m
consistence  Sometunes this was so marked that they more or less collapsed on
the sectiomng table  The color of the iver tisue varied and was not distmctive
It could be red purple or brown On sectiomng the cut surface not infrequently
pnsenled a nutmeg pattern suggesting chronic passive congestion ot central
hemorrhagic necrosts
\ficroscopically there were two predommant processes Thesc consisted of
(1) amarked destruction of ner cells and (2) a marked inflammatory reaction
T he destruction of ver cells was woually umform throughout the hiver although
o the left lobe of the liver v as invalved mare extensively The Iiver
volve either the shol lobule kaving no surviiing cells
[ls would be found on the periphery  Charactenstically

1n rare case
cell destruction would
or a narrow rim of such cel
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the necrotic cells were removed rapidly  Only rarely were necrotic unremoved
cells found  Usually the surviving cells showed no degenerative changes The
reticulum and sinusoids persisted  Very frequently the sinusoids were intensely
engorged
InFravuatorRy ReAcTiON —Cellular nfiltration was more marked than that
scen 1n the subacute form It occurred principally on the peniphery of the lobules
m the portal stroma and at the interlobular boundary  As a result of this, the
penphenies of the lobules were outhned and prominent  The cells of the infiltrate
wert chiefly mononuclear They consisted of histiocy tes plasma cells and Ivin
phocvtes  Neutrophils and eosinophils were always found but they were relatively
small in number  VMacrophages commonly contamned hipofusein This probabls
came from the breakdown of the hiver cells  There was no evidence of mtra
nuclear or o toplasmic inclusion bodies such as are found 1n other types of virus
wfection  The endophlebitis described m the subacute form was rarely found 1n
this fulminant form  Also there was no noteworthy evidence of regeneration of
Liver cells  Even in the most fulminant cases however, the small bile ducts on
the peripheny of the lobules showed evidence of prohferation  The lesions de
scribed were those found 1 patients surviving less than ten days  About one
third of the patients surviving ten to minetecn days showed 1dentical pathology
The remaming cases in this penod showed intermedrate stages between the ful
minant and subacute hepatitis
LXTRAHEPATIC PaTnoLocy —Ascites —The majonty of these cases showed
asates  Its frequency increased with the duration of the disease and the larger
the liver found the more apt was 1t to be present
The spleens showed moderate enlargement due to hyperplasta of the component
cells and congestion ‘The degree of the enlargement was not as great as in the
subacute cases
The kidneys were usually somewhat enlarged They could be dark due to
congestion or pale They were never deeply stamed with bile and did not show
the severe bile nephrosis seen 1n the subacute cases  With fat stamns much fat
could be seen i the prouimal convoluted tubules  With a polanzing microscope
this fat was found to be neutral The fat seemed more promunent in those cases
of shorter duration and with more fulminant disease As there was httle or no
evidence of epithehial degeneration of the tubules the fat seemed best to be con
sidered as a storage phenomenon rather than as degenerative fat
The bramns for the most past were grossly negative  Frequently hastologcally
anonspeafic encephalopathy could be found In the most fulminant of the cases
the ganglion cells could be seen to be swollen the nuclet distorted and the chro
matin granules dispersed and scattered
The Mechanism of the Jaundice —In the subacute cases the mechanism of the
jaundice would seem to be primarily mechamcal Mechanical obstruction was
caused by thrombi of inspissated bile in the interlobular bile canalicuh  In the
fulminant cases however there was no evidence of bile stasss  Here the most
obvious explanation of the yaundice was that there were mnsufficient surviving
Iver cells to care for the metabolism of the blood pigments
Hepato Renal Syndrome —The stnct mterpretation of this syndrome 1s that
the renal damage must be consequent to the disease of the liver and that the
damage must be so sevcre as to lead to a uremic death  If this strct nterpreta
tion 1s followed nerther the subacute nor the fulmmant cases could be considered
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to show the syndrome Some azotemia occurred, but the deaths were primanly
cholennc rather than urepuc

Non-Fatal Epidemic Hepatitis —As 15 well Lnown, epidemic hepatstis 1s
essentally and characteristically a berugn discase, 99 6 per cent of cases ending
complete recovery It 1s, thercfore, obvious that in order to Jearn the pathology
and follow the course, hver biopstes are necessary  This discusston 1s for the most
part based on the publication of T B Mallory ¥ 1n 1947 and on the more detarled
study by Horan, Jolhffe and Mallory,* as yet unpublished The matenal dis
cussed by these authors consists of 160 bropstes from 137 cases of non fatal disease
Thev divide their matenal mto two main stages (1) an acute stage and (2),a
post icteric stage
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Fic 24 ~Bemgn Varal Hepattes  H matavylin Eosin X 20 Penportal and intralobular
. mflammation. Lobular disarray

(a) Acute Stage —There were 54 Iver biopsies to represent this stage It 1s
subdivided nto

Tik TeTERIC CasEs —In the icteric stage stx charactenstic features were found
1 each biopsy  The degree of mvolvement and seventy of each of these features
vaned markedly from case to case  The six features were the following

(1) 1 Persportai Inflammators Infiltration —This was predominantly mone
nuclear and most commonly consisted of histiocy tes and Iy mphocy tes  Plasma
cells were also usually present and there was always an occastonal neutrophil or
eosmophil to be found Frequently the inflammatory inniltration spread from the
to involse the hiver cclls on the periphery of the lobule  No degencra
oses of these inflammatory cells were seen {Nigs 24 and 2%}
» Inflammation ~ There was a swelhng and a hyperchroma
dothehial cells making them conspicuous  Often they could

portal aret
tive changes or necre

(2) tn Intralobulas
tism of the reticulo en
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he scen to contain bile pigment and fat  Also there were many focal collections
of histiocytes lyng either m the space of Desse or n the smnusowdal lumens
Frequently these histiocytes were clumped around necrotic hver celly

(3) Lobular Disarras —Shnnkage or swelling of individual hiver cells led to an
srregulanty 1 the nadth of the hepabe columns and frequently caused a break m
their continuity  Because of thus the normal radial arcangement of the hepatic
cords was obscured  With sihver stams the reticular pattern could be seen to be
distorted and there were foc of condensation of the reticulum

(3} Degeneration and Mecrosis of It er Cells —A quie charactenstic form of
degeneration and necrosis of individual simgle liver cells was descnibed  In the
early stages the ¢y toptasm became homogeneous and mtensely eosmophihie  The
nucleus was at first pyhnotic, then became fragmented and Iater disappeared
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Fi6 285 —Bemign Viral Hepatiss Hemutorylon Eosm X 300 Portal area to show character of
mfitrate Histiocyt il and P leshocytes can be seen

In the end they became hyabne sphenical badies which were extruded from the
cell column nte the space of Desse or the lumen of the smusods (Fig 26)

They resemble somewhat the so called Councilman s bodies of yellow fever Foor
of hustiocy tes tend to form around these necrotic cells  This &5 pe of necrosts has
also been desctibed previously by Roholm and Iversen'? (1939) Dible and asso

aiates ¥ and Axenfeld and Brass® (1942) all of whom saw 1t i needle biopstes

This ty pe of change could affect individual bver cells any where in the fobule  The
autolytic central necrosis descnibed 1 the fatal fulminand form was never seen
these biopmes from the bemign disease  Another less frequent type of hepatic
cell degeneration was also found m thest biopsies  The cells would swell to 4 or
§ tumes thew normal diameter as a result of ballooming of thewr cytoplasm  The
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cvtoplasm was descrihed as pale with widcly separated five granules Vo fat was
found m these celis with fat stains Their nucler were sometimes aty prcal, and
many of these cells were multmucleated  This type of change seemed to be re
stricted to the centers of the lobules

(5) Regeneration —~In the active stage numerous mitotic figures were found 1n
the liver cells  These seemed entirely out of proportion to the necrosis of tisste
Not mfrequently multipolar mitoses were seen (Fig 27) This perhaps accounted
for the multinucleated cells  Although clongation and tortuosty of the small bile
ducts mdicated proliteration bile duct epithelial mutoses were considerably rarer
(Fig 28)

(6) Biliary Stasts —When icterus was present hile stasis was consistently
found This was usually restricted to the centers of the lobules Accumulation
of bile droplets in the Inver cells was also scen
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Fio 26 —Bentgn |ral Hepatitis Hematovylin Fosin X 400 Hyahne body n simusowds 1s end
result of hyahne necrosis  Intralobular infammation 4nd lobulur disarray « o present

Tue Prr reteric CasPs —1In 7 cases jaundice occurred one to seven dayvs after
the biopsy was tahen These biopsies were taken on the fifth to the fourteenth day
of iliness  In 6 the hver changes were sumilar to those described 1n the 1cteric
cases except that no bile stasis was found  In the remamning one bile stas was
found but jaundice occurred tuenty four hours after biopss was taken

Sup 1cTFRIC CAsEs —In § such cascs changes were stmular to those in the pre

No bile stasis was found
‘d:lx)c\ gI;:L}l:[;Ic Cases —In 18 mdivsduals hepatitis was chmealhy suspected
although no chaseal or chemucal evidence of bilirubin retention was fou:dh X;xxa
of these changes <ymlar ta those mn the icteric group were seen although the bile
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stasis was mmumal  In another § the changes were considered as equivocal, as
one or more of the siv cntena described were absent  In 8, the liver biopsies were
essentially normal n appearance

(b) Post wctenc Stage —It was obyvious from clinical and laboratory findings
that the disease did not terminate comaidentally v sth the jaundice  Ths stage
was subdivided into five Lroups

Normal Reco ery Croup —Of 20 patients 1 this group 8 had positive biopsies
5 doubtful, and 7 negative The most common finding m the positive ones was the
periportal mnflammation  Inflammatory foct and hyaline necrosts were also fre
quent There seemed to be an increasc of multinucleated cells and a new phenom
enon of fat vacuoles mn the Iver cells was found One case showed shght bile
stasis  The findings of lobular disarray and frequent mutoses had to a Jarge etent
drsappeared It became evident that the rate of recovery varied widely even m
normal convalescence  Two cases had cleared on the thirty second day, 4 cases
between the forty fifth and fifty third day ~ On the other hand m 1 case eighty
three days aiter onset, the biopsy showed moderately scvere findings

Recrudescences —Recrudescences were the most obvious reason for delayed
recovery They commonly occurred from the thirtieth to the fiftieth day of the
disease  Often thesc recrudescences were as severe or even severer than the ong
nal attach  Biopsies tahen dunng them showed changes similar to equivalent
times in the mtial attack

Recurrent Altacks —Even after prolonged mtervals of health recurrent attachs
were by nomeansrare  Biopsies were taken on the third, forty eighth and nmety
seventh day s after the on et of recurrences  These recurrences had occurred three
hundred three hundred and sixty, and three hundrcd and mmety days after the
original attack  The findings i the first of these biopsies were mdistingumshable
from those seen in the acute stage  The sccond biopsy was normal and the thud
equivocal No evidence was found m these bropsies of permanent damage from
the first 1mitial attach  Recent immunologrcal studies suggest that these recur
rences mught represent an nfection with the virus of homologous serum hepatitis

Delarved Recorery —1In 40 cases evidence of delay ed recovery was gnen by per
<istence of the symptoms signs or abnormal laboratory findings The biopsies
uere taken m a range between one hundred to five hundred days after onset of
the disease  In 15 of these the hver was fpund to be normal  In 10 the changes
were minumal but 1n 15 there were definite findings of hepatiis  In these last
15 penportal and intralobular inflammation was present as was also hyahne
necrasis  No bile stasts or lobular disarray was found  Mitoses werc rare

Clranzc Non wcterte Cronp —This was not too satisfactory a group asit was
composed of 10 Jinically debatable cases In only one was there cvidence of
histologically active hepatitis and this was the oly one 1n the group to show con
sistently abnormal laboratory findmgs

FATTY INFILTRATION OF THE LIVER

Of the whltrative processes that occur m the hver by far the most importaut is
the sntiltration by fat  Thistmportance depunds on the discovery that prolonged
filtration of the ner results eventually w a crerhosts of the biver

fatty i
e « s or portal arrhosts and

of the tvpe whick1s varjoush called atcohohc Laenne
{hat 1t 1s the fat that causes the arrrhotic process
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Although 1t had been noted by a group of physiologists as early as 1932 that
after pancreatectomy m dogs the lver became large and fatty, 1t was not until
1938 that attention was focused on this problem by Chailoff, Connor and Bis
tund * They pointed out that if these depancreatized dogs were kept alive with
the necessary amounts of insulin and mven an adequate diet they not only de
veloped fatty Invers but m two to five years developed a defimte arrhosis of the
Iner Later in the same year Connor ° pomted out that 1n man fatty mfltration
followed by cirrhosis was seen both in chronic alcoholism and diabetes

\feanwhile it was discovered by Best? in 1933 that 1f depancreatized dogs with
fatty livers were given cholne the fat disappeared from the hvers In 1943
Best ¢f al 8 demonstrated that simple choline defictency i normal ammals rapidly
produced fatty nfiltration of the liver even 1f the diet contained no fat  These
findings led to a large number of studies on the relation of fat and cirrhosis to diet
As 2 result of these studies a new termmology for substances mfluencing the
amount of fat occurnng i the hver has been developed Definitions of these
terms as given by Best® in 1944 follow so that the hterature can be better under
stood (p 15)

(1) Lapotropic —A term applied to any component natural or synthetic, of a
diet which prevents the accumulation or accelerates the removal of ipids from
the liver

(2) Antilzpolropic —A term applied to diets or substances which counteract
the action of the lipotropic factors

(3) Hypolipotroprc —A term apphed to diets contaming less than the physio
Togical amount of the hipotropic factors

(4) Alpotropic —A term apphed to diets or substances which exert no hpo
tropic action

(5) Lapotropes —The lipotropic factors

{6) Lipotroprsm —The lipotropic effect

As the result of the mtenstve study done on fatty wfiltration of the Iner 1n the
past decade we now know that this fatty nfiltration can be produced not only by
diets rich 1n fats but by diets deficient 1n hpotropc factors  Leathin was found
to be lipotropic and then choline was demonstrated as the active prinaiple of
leaithin - Other substances such as rasen egg white and beef muscle were found
to be actvely lipotropic  In testing the amuno acids methiomne was the only
one found to be lipotropic  du Vigneaud?- 8 1939 1940, and 1941 and hus co
workers demonstrated that the relationship between methionine and choline was
that the methyl group of methionine was used to synthesize cholme As Hims
worth® pomted out, these considerations explam why adequate supplements of

choline to a high fat diet prevent fatty infiltration of the liver whereas this
fatty mfiltration can develop mn ammals subsisting on a low fat diet  They also
explam the action of ugh protein diets m preventing the lesion

Certamn substances the best known of which 1s cystime seem actually to pro
mote fatty mfiltration of the liver The probable explanation of this 1s that
cystine has an antiipotropic action and counteracts the lipotropic action of
methionne  Certan vitamuns also mfluence fatty mfiltration Fatty livers do
not develop on a diet deficient n cholme unless 1t contans methonme  Inositol

(Best ** 1916) and pyndowine (Gvorgy 4 1944) seem to have a Iipotropic action
Riboflavin (Vint  1937) deficiency 1s claimed to cause marked fatty infiltration
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Tatty nfiltration 1n both the experimental and human lesions shows itself
grossly as an cnlarged smooth hiver, yellow in color, and greasy on scctron  Hart
roft ¢/ @l ¥ in g serics of three papers (1949 1950, and 1951), have made some
very Interesting hustological observations about the development, progress and
eventual transformation mto arrhosis of the expermmental lestons developing i
rats on 2 dict deficient 1 chohine
The lesions m the rat Iiver were folloved by sacnfiomg the rats at frequent
mtersals during the development of the lesions  Sections of these hivers 1 cre
stamned with routine stains and fat stains  Small droplets of fat appeared m the
hiver cells in the centers of the lobules within one day of starting on the dict
Within seven to ten davs every hver cell contamed a single large fat vacuole
which distended the cell 1 v huch 1t was contamed  This occusred as the result
of the fusion of the small fat droplets
As a result of the continued distension of these cells by fat the septa formed by
the hmiting membranes of adjacent cells ruptured, and the contamed fat coalesced
to form large fat cysts These sacs with umlocular lumina distended with fat
were called ‘ fat cysts or “bpodrasemata’ by Hartroft The walls of thesc cvsts
consist of a continuous single layer of ¢ dedifferentiated’ Inver cells  This process
occurred several weehs after the amimals had been started on the diet  Lvidence
was seen ndicating that the blood flow to the cells m the centers of the lobules
was reduced as a result ot compression of the stnusords by the swollen fatty cells
Sectrons of hivers from rats who had been on the diet approwumately three
months showed evidence of atrophic changes i the fat evsts  Associated with
this the fibrous tissue from the centers of the lobules conden ed around the de
gencratng cvsts  This eventually formed {ibrous trabeculae around the central
vems and w tune these extended from one branch of the central vein to anather
At the same time there was also ¢vidence of nodules of regeneration forming mn
the penportal tissue
If cholme 1s added to the diet of rats after one wech on chohine dehciency m
twenty four to forty erght hours the fat completely disappears from the hiver
cells at the periphery of the lobule and two to four day s later no fat can be demon
strated 1o any hiver cells 1t 1s worth noting that the fat first appears in the ccn
ters of the Jobules and 1t 15 from this zone that 1t 1s last to disappear  If the stage
has been reached where fatty cysts arc present before cholme 1s added to the diet
1t takes a considerably longer penod of time for this fat 1n the ¢ sts to be mobi!
1zedt and absorbed
Studs of the future course of the fat cyvsts demonstrated that these cysts can
rupture cither into 2 bile canaliculus or hepatic stusord  Wath fat stains Hart
roft demonstrated droplets of fat in the canahcult and bile ducts  Rupture mto
sinusotds with hemorrhage into the collapsed cysts could alse be shown As
evidence of rupture mnto the vascular system small fat emboh werc demon
strated 1 the capitlaries of the heart lung and renal glomerulus
Hartfroft feels that the tibrosis i evpenimental dietary crrrhosss represents 2
condensation rather than 2 proliferation of the pre eustmg stroma  In human
alcoholic pattents with fatty hvers he found stmular fat cysts and small fat
embol mn the glomerular loops of the hidney

Tnt these studies the fat stains on frozen <ections were by far the most reveahing
ffin sections however 1t was possible to idennify the fatty cvsts

tine paral
In rou n f ceveral nuclen n the st wall  Thisis easier n shrunken ¢y sts

by the presence of
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because, due to condensation more nuclet are more apt to be included i the
section

CEROID

Considerable nterest has been aroused by a substance, probably a pigment
called ceroid which has been found in the Livers of rats on diets which produce
fatty mfiltration and the diffuse hepatic fibrosis of Himsworth ® It appears 1n
unstamed sections as pecuhar light greemsh globules of vanable size and shape
mainly enmeshed m the penportal connective tissue It 1s acd fast in stams used
for the tubercle bacitlus stams with Sudan IV, and s fluorescent but not soluble
m fat solvents It 15 not present in expenimental lesians of the same type pro
duced 1n dogs and there 15 considerable doubt as to whether 1t ever occurs in
human livers According to Himsworth® 1t 15 to be regarded as an incidental
result of the diets used 1 producing fatty mfiltration and cirrhosts rather than
as an essential factor in the production of liver myury

In the conference on liver mjury 1 1944 Gyorgy* expressed the opimon that
the ceroid m these experimental rat livers was the result of the cod liver oul in the
diets Endicott” produced ceroid m normal amimals by the mjection of cod liver
ol Al Gyorgy and Goldblatt* had found that ceroid was appreciably dimin
1shed 1n experimental dietary cirrhosis 1f no cod liver ol was used i the diet

Some renewed mterest i ceroid was aroused by Hartroft ® when mn a discussion
of the histological picture of the Itvers in cholime deficient rats he suggested that
ceroid pigment appears to be formed by the interaction of red cellsand fat  Agam
1n 19515 he described how the red blood cells which enter ruptured fatty cysts
undergo a series of morphologic changes and may become closely bound to cerod
so that they are often indistingwshable from thi» pigment

The only fair assumption at the moment would seem to be that the importance
and sigmficance of ceroid 1s still i considerable doubt

NECROSES OF THE LIVER

On a purely anatomical basis necrosis of the liver can be divided nto twae main
groups The first of these 1s .onol necrosts the second masst e necrosis  The
zonal necroses can be further subdivided mto central necroses periportal necroses
and mudzonal necroses  In the zonal form each lobule 15 affected m a similar man
ner and to a similar extent Massive necrosis on the other hand 1s necrosis
affecting the hver cells 1n one or more complete lobules and frequently 1nvolves
large areas of the Iner but may have other large areas mtact  As emphasized
by Himsworth & this scparation of necroses mto zonal and massive forms 1s
mportant as it allows us to think more clearly m interpreting the end or healed
stages of these lesions

From the etiological standpomnt the zonal necroses ate to a large extent caused
by liver porsons and can be produced experimentally by such substances

Neal'® m 1944 summarizes the various substances which are used industrally
which are considered to be hepato touc

(1) The chlormated aliphatic and aromatic hyvdrocarbons as represented bv
chloroform carbon tetrachlonde trichlorethvlene dichlorbenzene diphenyl
chlonde chlonnated naphthalenes and chiornated phenols
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(2} Aromatic ammes such as toluylene diamine and others

(3) Aromatic mtro compounds such as di and tn mtrotoluene

(4) Alphatic thiocy anates, especially of higher ahiphatic hydrocarbons

(5) Possiblv, also unsaturated aliphatic hy drocarbons such as propene

Carbon tetrachlonde and trichlorethylene are important as solvents Dy
phenyl chlonde aud chloronaphthalene are used 1 nsulating matenals  Fung
ades and insecticides contain tetrachlorophenol, thiocvanates and DDT  The
aromatic armnes dre ymportant as intermediates in the dye ndustry, and the
aromatic nitro compounds play an important role as explosives

Certain naturally occurning porsons have sumilar cffects  Among these should
be mentioned the endotoxin of Proteus Vulgans extracts of ccrtain algae, and
certamn porsonous mushrooms such as the Amanita phalloides #

Some of these substances in single doses produce a central necrosis  Such are
carbon tetrachloride, chloroform tanmic acid and mushroom powsonmg  In
contrast allyl formate, phosphorus and the endotoun of Proteus 1 ulgans give
nse to periportal necross

Our knownledge as to the eticlogy of massive necrosis has mcreased greatly m
recent years In the past the accepted concept of the cause of acute yellow atro
phy has been that 1t was tonic n origin - Large doses of the substances just con
sidercd above can produce massive necrosts, but now, due largely to the pioneer
studtes of Glynn and Himsworth® on the one hand and Luche and Mallory®
(1946) on the other we know that this picture, usually hnown as acute vellow
atrophy 1n this country can be produced by erther nutnitional deficrency or viral
hepatitss

This latter aspect has been discussed under viral hepatitis, and the nutritional
part of the picture will now be taken up 1n some detall  Such a large volume of
work has been carried out on the subject of the effect of nutrition on the hver that
1t 1s impracticable to try to trace the development of our hnowledge step by step,
but a review of this will be gnen as presented by Hiumsworth® i his Lowell
Lectures i 1947 To Himsworth should go a Jatge part of the credit for increasing
our hnowledge in this teld not only because of the outstandmg, ongmal work
carmied out by him and his collaborators but also because he has reviewed the
literature on the subject very thoroughly and in this way has marhedly clanfied
the whole problem

For many years it has been suspected that diet m one way or another influenced
the effect of toxic substances on the hver It was not unhil 1935 due to the study
of Werchselbaum ¥ that any evidence was presented which proved that Iver
mjury atsell could be produced by dietary deficency He demonstrated that
on diets low m casemn rats suddenly became 1l and died with what he called

hemorrhages in the ver In 1939 Gyorgy and Goldblatt' studid hepatic
myury of the rat Iner arsing on a nutritional basts  They produced fatty degen
eration focal and massive necrosis hyperemia and hemorrhage and in some rats
a penilobular and condensation fibrosis on deficient diets  They felt that the
changes produced could be correlated to a deficiency oiya part of the vitamm B
complex It seems probable that the hemorrhages of Werchselbaum were

1v€ hecrosls
are].:‘s ?;;Ts(;l)nn and Himsworth® brought forward evndel;ccbthdat t?lecrlcn‘;iic
two ty pes of hnermpury that could be produced expermentalhy by diete }

The first of these was acute massi£ DECrosis w hich 1s siular 1 every way with
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the acute yellow atrophy seen in man  The rats surviving this massive necrosis
developed what 1s termed by Himsworth postnecrotic scarnng and nodular hy per
plasia Thisis the tvpe of cirrhosis called by I' B Mallory? “healed acute yellow
atrophy ’ or “toxic arrhosis 7 The second type of injury was a massve fatty
mfiltration leading m time to the diffuse hepatic fibrosis of Himsworth a picture
which 15 usually known as  Laennecs ” ¢ alcohohe,” or “portal currhosis  This
second ty pe of injury will be discussed more fully later under fatty infiltration and
arrhosis
The earher literature on the pathogenesis of dietetic massive necrosis of the
liver 15 volummous and confusing It 15 summanized by Himsworthet by stating
esentially that a companson of the diets used 1 1ts production show that 1t 15
not due to a deficiency of fat, carbohydrate munerals cholne thiamme pyn
dovine nboflavin, pantothenic aaid or vitamins A and D It 1s not due to an
excess of fat as claimed by some but does correlate with the intake of protem
not the proportion m the diet but the absolute amount eaten each dav  After
considerable research on the amimno aads n the protem melecule, the yimportant
deficency was narrowed down to methionine and cystine  Further narrowmg
down of the field was difficult because of two features The first of these was that
methionine 1s converted in the bady to cystine  The second arose from the fact
that 3t was discovered that an madequate supply of tocopherol an alcohol which
has the properties of vitamin E and can be 1solated from the oil of the germ of
wheat mught play an important role 1n the production of massive necrosis Hims
worth® concludes {(p 60) that 1t thus appears that dietetic masstve necrosis s
essentially due to deficiency of cystine but that another factor an madequate
supply of tocopherol, may sensitize the ammal to the effects of such a deficiency ”
Whether or not massive necrosts and 1ts sequelae occur frequently m man as
the result solely of malnutntion 1s still somewhat debatable There seems httle
doubt that the leston 1s unusually common 1n tropical and subtropical races which
are subject to malnutntion  There 1s also a defimte possibility that there may be
a nutntional factor in the massive necrosis occurring i permicious vomiting of
pregnancy and that scen m viral hepatitis In tovic necrosts also the nutritional
factor may be an important one  Miller and Whipple!® (1940) have demonstrated
that chloroform s much more toxic to the liver 1n animals with protein depletion
Furthermore, sulphur containing amino acids—methionine cystine and v steme,
but not choline —afforded dehmite protection agaimnst chloroform to these protein
depleted dogs  Gyorgy et al 6 (1946) had similar results mn rats exposed to carben
tetrachloride vapor Animals on a low protemn diet were more susceptible Meth
1ommne could be used as a substitute for protein and was equally effective m pre
venting liver damage
Pathological Features of Liver Necroses —The ~onal necroses are to a large
extent a microscopic rather than a gross finding  Central necroses may be visible
as yellowish depressed areas in the centers of the lobules With central hemor
rhagic necrosts the central areas are agamn depre sed and red purple in color The
Tastological picture of zonal necrosis will depend on the age of the process and the
tvpe of zonal necrosis present In central necrosis fatty degeneration 1s apt to
precede the necrosis and show tself as numerous fine fat droplets n the centers
of the lobules 'This s followed by necrosis of the central cells polvmorphonuclear

leukocyte mfiltration and later by histiocy tic mfltration with removal of the
necrotic cells
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If the necross 15 hemorrhagic m tvpe as 1s seen 1n chronic passive congestion
of the Inver, extravasation of red blood cells will take place mnto and around the
necrotic hiver cells  In pertportal necrosts the mucroscoprc preture 15 similar to
that descuibed for central necrosis save for the fact that the necrotic tissue hes
at the periphery of the lobule  Midzonal necros1s 15 a curtous phenomenon where
the necrotic hver tissue hes approwmatcly midwas betwecn the central vems
and portal areas

The most important feature to be emphasized about all these forms of zonal
necrosis is that, inasmuch as onh part of the lobule 15 mvolved and the supporting
framework, composed of sinusowds reticulum and conncctive tissue does not
collapse rapid regeneration s sth a complete restitution to normal s sthin two or
three weeks usually occurs

Vasst e necrosts has a very charactenstic gross picture in both the experimental
and human lestons although this again varses + 1th the age of the process As
described by Himsworth,® if the antmals with esperimental dietary necrosis are
Mlled within an hour of when they first become sich the hivers are swollen,
generally vermillton i color but spotted on their surface with dark red flecks
As 15 readils understood thus stage 15 rarely, if cver <een tn the human, as 1t
would necesaitate opening the abdomen or at Jeast doing a peritoneoscopic exam
matton 1 a sick but hving patient Twelve to twenty four hours later the rat
Invers have a verv stmilar picture to that known to most pathologsts as acute
yellow atrophs 1 man  Two to three davs to a week later the vellow color has
become more dult and large depressed dark red areas have appeared Thw
corresponds to the subacute red atrophy seen m humans  Weels later the vellow
areas become the color of normal Iiver substance and the red areas turn mto
depressed trregular scars—the healed acute yvellow atrophy or towc curhosts of
man

Microscoptcally the experimental lesions are very stmilar to the stages seen m
the buman acute vellow atrophy  In the earhest stage described grossly the por
tal vessels are congested the portal areas are surrounded by pools of blood The
Siver cell> appear scyvcrely damaged or actually necrotic At twenty four to forty
eight hours 1n large areas of the hiycr an obvious necrosts of all the hver cells but
not of the kupffer cells or the contents of the portal areas has developed By the
tume that the subacute red atrophy  stage has been reached ustiocy tes have
removed the necrotic hwer cells and the susouds are congested wath red blood
cells

Here 1n contrast towhat was descrthed in zonal necroses the supporting retic
ulum framework of the lobule collapses bringing adjacent portal tracts closer
together  There 15 also marked proliferation of bile ducts but nasmuch as thesc
are capable of formag hver culls and there are no Iner cells left 1n the lobule
2 restitution to normal of the mvohcd areas 1s impossible

CIRRHOSIS

(a) Classification  To am body interested in diseascs of the hver arrhosis
has alnays been one of the most fasanating and rmportant lestons One of the
rggest problems relation to cirrho 1s has alnavs been that thernlhus been r;n
umfornuty of opimon as to exactly what canstitutes crrrhosts of the liver or as to
the etiology and classification of the lesions usualhy cabled airrhosts
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Tven the tcem arthosts 15 considered by many a misnemer  The term was
angmated by Rene Theophile Hyacinthe Laenncd to desenbe the vellow but also
fibrosed and nodular hvers that he saw  The dertvation 1» from the Greoh work
¢ Farrhus ”’ meamng ycllow or orange colored, and imphes nothing as to fibrosis
or nodular regeneration  ¥Himsworth ? states defimtely {p 15), ¢ Tibrotic condi
tions 1n the hiver arc due to diffurent entities and 1t would be better to drop the
name circhoss and classifs the tibrotic atate as definite and different entaties ”

Nevertheless over the pertod of many vears cirrhosis has become recogmzed as
avery defimte type of process imolving the hver having a definite chimical symp
tomatology, and producing a well known syndrome  The term has been too
tharaughty incorporated 1nto the medical minds and the medical hterature to
make it worth while to try to change the name merely on the bamis of a poor dema
tion By custom and usape 1t now means a lesion of the hver resulting from an
acute or chromic progressive necrosis of hver cells wineh 1s assoctated with a reat
or apparcnt increase 1n the connective tissue  Although 1 mo t curhotic hvers
therc 1s also a nodular regeneration of dner cdls this is not always true and
thetefore, 1t should probably nat be mcluded in a definstson of the process

The classtfication of arrhosts 1s also 2 difficult problem  Various miuthods have
been tried such as nammng the type of arrhosis after the mdividual who first
de cabed it Thus we havs the torms I aennce » cirrhosis and Hanot s curhosas
Himsworth states with considerable justice that Laennec s name should not be
ymmertahized as a result of tus studies on arrhosis as he wrote hut bricfly on the
subject Hanot s deseriphion of the type of arrho 15 named after him 1s 50 made
quate that nobody really knows the exact type of lesion that he was descrbing,

Another method of classshcatian has been to base 1t purely on morphology
The older hterature contamns numerous references to atrophic arshosis and hy per
trophic crthoss  Trequently the terms monolobular cirrhosts and multilobular
currhoss werc also used  More recently the term portal airrhows has been comed
on the,now provenly mt talen basis that the fibrosts onginated inthe areas around
the portal trads  Fven the classification offered by Humsworth s eseentially a
morphological one  He avoids the term cirrhosis but fecls that what he considers
s fibrotic praresses of the hiver can be divided into two mam groups  The hrst
of thuse he calls d fuse hepatie fibrosis and puts mto this group all arrhoses in
which the fibro 15 18 diffuscly and mote or less ¢venly found throughout the lver
The second he calis postnccratic scarring and m this group wdludes all crrrhoscs
n which there are large azeas of scarrmg as well as large areas i which rormal
Irver tissue still remams

It seems that the time has arrined when 1 more satisfactory solution to this
problem of clasaification should be attempted  Such a dlassification should use
a nomenclature that combimes morphology as nearly as possible with some con
cept of etwology A classification along thece lines was Jnavs taueht by F B

Matlory and 15 discussed by him 1n the Shattuch Lectures® delivered i 1932
The nve mawm ty pes of arrhoss n the I' B Mallory classification were

(1) Healed acute yellow atrophy or tovic cirhosis

2} Alecholic carrhosty

{3} Pigment arrhosis

{4 Bibary airrhosis
{31 Syphilitic carrho 15
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If this classification 1s modified to the cxtent of incorporating into 1t the new rdeas
ot etilogy as expressed by Himsworth, the result should be much more practical
and expressive  [he briflant studies of Best, Himsworth and others have un
doubtedly clanfied our concepts of the etiology of acute vellow atrophy and the
resultant healed acute yellow atrophy They have also made obsolete the term
alcoholic cirrhosts

To alter ths along the lines suggested above 1t would be necessars only ta
chinge the healed acute yellow atrophy to “Tocal Postnecrotic Cirthosis” and
the alcohohe arrhosts to  Duffuse Tatty (Nutrtional) Cirthosis * With the
first, 1f the probable etiolggy can be determined from the history, this could be
mdicated by putting it 1 parentheses after the dragnosis Thus 1f 1t were con
sidercd nutntional m ongm, the dragnosis would read “Tocal Postnecrotic Cir
rhosts (Nutntional) *

Some of our present concepts about these types of cirrhoss will noy be i
cussed

(b} Focal Postnecrotic Cirrhosis —Under ths title the form of cirrhosis
called postnecrotic scatring by Himsworth® and tovic currhosis or healed acute
yetlow atrophy by Mallory will be discussed It 1s the ty pe of crrhosts whieh 1a
Jound after the massive hepatic necrosis of Himaworth or the acute yellow atrophy
of most other authonittes  As has been pownted out in the discussion of the hepatic
necroses such massive necrosts can be caused by a variety of factors which myure
the Iner  The morphological preture found m the healed stage 15 the same re
gardless of the cause of the onginal myury  The cdiagnosis of the ettology must
depend on a careful analysis of the listory of the patient

The experimental production of massive necrosis by Himsworth and others
has already been described in some detail under necroses  Here 1t should suffice
to repeat Himsworth s* conclusions that dietary massive necrosis of the Iner
15 essentially the result of a deficiency of cvstine in the diet  Those animals that
sursived the massive necrosts produced by thrs method developed the form of hiver
arrhosis under discussion

How irequenthy focal postnecrotic cirrhosts m man 1s the sole result of such
cvstne deficiency 15 still open to argument but there scems to be no doubt that
such a detictency plavs 2 very important role i the development of this lesion
at lea.t as a wontributory tactor  As has been descnibed under viral hepatitts
fatal cases develop & ma sive necrosis of the Iver It 15 obvious that any md:
vidual who survives such a massive necrosts should develop a foual postnecrotic
tvpe of arrhosis  To date we have not seen or heard of a case where hepatitis
¢ as satisfactorily proven as a causc of such cirthosis  The answer to this problem
must await more and better authenticated cases

As massive necrosts 1s hnown te occur as a complication of pernicious vomiting
of pregnancy as a result of mushroom possoning and the use of drugs such as
chloraform and arsphenamine 1t 15 also probable that focal postnetrotic urrhosts
mught occur m such patients if they survived the acute necrotic process In
practically amy of these conditions as pomnted out by Himsworth cystine defy
ciency maght be an etwological factor due to the fact that because of thc};r ilness
the patients B et unable to eat or at least absarb a sufficient amount of the proper
nuinment from ther diets  As he also 1ndicates adequate diets can become 1n
eu for some reason such as hnperthyrowsm or pregnancy the

wi
adequate utntion of the hver cells become greater than the nutntion suppled

demands for v
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\Morphologically the gross and mucroscopic pathology of the Iver in focal post
necrotic cirrhosts 1s stmitar in the experimental and the human lesions  Grossly
these Iivers tend to be small  Of 44 cases in man so diagnosed at the Boston City
Hospital, 21 or almost 50 per cent weighed less than 1,000 grams  They show two
othcr very charactenstic features  The most stnking of the.c 1s the presence of
large atrophic scars  These areas are depressed below the surface and have a
shehtly roughened surface  In color they are the same as the surrounding Iiver
tissue  Very frequently the left lobe 1s more myvolved than the night, which has
been explained by Himsworth to come about as the result of the distnibution of
the portal blood stream (Fig 30) The second feature 1s large nodules of re
generation  These may vary from 1 to 6 or more centuneters in diameter

F16 29 —Benign Viral Hepatitis Ilematoxyln Eosin X 400 Bile stas evidenced by bile
canalicuh filled with inspissated bile

Several hustological features are necessary 1n order to make a histological diag
nosis  The most important of these, according to F B Mallory, 1s to find large
areas involving multiple In cr lobules 1 which no liver cells are present and only
bile ducts smusoids and thickened connective tissue remam ([1g 31) An
other feature emphasized by Himsworth®t 1s to find in areas away from the scars
completely normal biver lobules  icroscopic exammation of the nodules of
regencration shows the lobules to vary 1m size and 1n the location of the hepatic
venules which are apt to be somewhat eccentric n position

In the scarred areas there 1s evidence of a proliferation of bile ducts Although
connective tissue 15 always much more obvious m the scars than in the normal
frver tissue most authonties agrec that this s not the result of a praliferation of
new connective tissue but represents a condensation of that connective tissue
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If this clas«ification 1s modified to the extent of incorporating mto 1t the new ideas
of etilogy as expresscd by Himsworth, the result should be much more practical
and cipressive  The brlhant studtes of Best, Himsworth and others have un
doubtedly clanfied aur concepts of the etiology of acute yellow atrophy and the
resultant healcd acute yellow atrophy They have also made obsolete the term
aleohohi arrhosss

To alter this along the lines suggested above 1t would be necessary only to
change the healed acutc yellow atrophs to “Tacal Postnecrotic Cirrhosis’ and
the aleoholiv arrhoss to Diffwee Tatty (Natntonal) Cirthoms  With the
first, 1f the probable etiolggy can be determuned from the history, this could be
indicated by puttimg 1t in parenthescs after the diagnosis  Thus, if 1t were con
sidered nutritional 1n origm, the diagnosis would read “Tocal Postnecrotic Cir
rhosts (Nutnitional)

Some of our present concepts about these tvpes of arrhosis will now be dis
cussed

(b} Focal Postnecrotic Cirrhosts —~Under this title the form of arrhosis
called postnecrotic scarring by Himsworth® and tove arrhosis or healed acute
velloss atrophy by Mallory + 1l be discussed Tt 1s the type of cirrhosis which 15
found after the massive hepatic necrosts of Himsworth or the acute yellow atrophy
of most other authonties As has been pointed out 1n the discussion of the hepatse
necroses such massne necrosts can be caused by a vanety of factors which mjure
the iser  The morphological prcture found n the healed stage 15 the same 1e
gardless of the cause of the onimnal myury  The diagnosis of the etiology must
depend on a careful anah sis of the history of the patient

The experimental production of massive necrosis by Himsworth and others
has already been described in some detatl under necroses  Here 1t should suffice
to repeat Humsworth s conclustons that dietars massive necrosts of the lver
1s essentially the result of a deficiency of ¢ystine in the diet  Those animals that
survived the massu e necrosts produced by this method developed the form of Iver
crrrhosis under discussion

How frequently focal postnecrotic cirrhesis i man 1s the sole result of such
cystine defictency 1s still open to arpument but there seems to be no doubt that
such a debuency plays @ very impaortant role n the development of ths lesion
at least as a contubutory factor  As has been described under viral hepatrtis
fatal cases desvelop a massive necrosis of the iver It 15 obvious that any mdt
vidual who survives such a masstee necrosts shauld develop 2 focal postnecrotic
tvpe of arrhosis  To date we have not seen or heard of a case where hepatitis
was satisfactorntly proven as a cause of such cirrhosis  The answer to this problem
must anait more and better authenticated cases

As massive necrosis is known to occur as a complicatton of pernicious vomiting
of pregnancy as a result of mushroom potsoning and the use of drugs such as
chloroform and arsphenammne 1t 15 also probable that focal postnecratic crerhosis
mught occur m such patients if they survived the acute necrotic process In

ally am of these conditions as pomted out by Himsworth cystine def

mught be an ttiological factor duc to the fact that because of their rliness
the patients were ynable to eat or at least absorb a sufficient amount ofbthe proper
nutnment from theit diets As he abso indicates adequate diets can become 1}1;:
adequate  hen far some reason such as by perthyroidism or pregnancy ‘idc
demands fot nutrition of the Iiver cells become greater than the nutritton supplu
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present before the necrosis occurred It 15 much more obvious because the con
nective tissue cells have lad down large amounts of collagen

Chmcally ths ts pe of cirrhosts results in pretts much the <ame ty pe of chinical
symptomatology as does any other tyvpe of arrhosis  There 1s portal hy perten
sion splenomegaly ascrtes and csophageal vances which tend to rupture It
should be emphasized that 1t 1s the result of one eprdose of acute necrows of liver
cells rather than a chronic and progressive injury to them

(c) Diffuse Fatty (Nutnitional) Currhosis —Other names for this tvpe of
arthosis are Laennecs crrhosis portal cirrhosys, alcohohe airrhosis (Mallors)
and diffuse hepatic fibrosts (Himsworth)  This ty pe of cirrhosis 1s now hnown to
follow and be the result of prolonged and excesstve fatty inhltration  Therefore
the etiology of the cirrhosts 1s the same as that of fatty nfiltration  This has
alreadv been discussed under fatty infiltration  For years imestigators of the
problem were musled because 1t 15 this type of cirrhosis that 1s found n chronic
alcoholics  Therefore the early mvestigators thought that alcohol per se or at
least some contaminant of alcohol must be the cause of the Iiver njury and the
consequent cirrhosis It was only after 1t was pomnted out by Chaihoff and
Connor'® that long continued fatty mfiltration produced cirrhosis and 1t was
also demonstrated by Best? and others that dictary msufficiency could produce
fatty imfiltration that 1t was realized that the cirrhosis seen m chronic alcohohsm
1s the result, not of the alcohol itself, but of the dietary insufficiency from which a
large proportion of chronic alcoholics suffer  As Himsworth®! so aptly sass there
are no lipotropic factors i alcohol when taken 1n excess it produces a gastntis
which 1mpairs the appetite and it s expensive as are foods rich m hipotropic
substances

Experimentally diffuse fatty nutritional arrhosis has been produced mn 1
variety of ways Thus as described under fatty infiltration 1t can be produced
by the removal of the pancreas or by diets deficient 1 choline or methionme
1t has been produced 1n dogs which were fed 2 high fat diet and also subjected to
repeatcd bleedings (Holman ¢ 1945)

There 1s abundant evidence that this cirrhosis occurs in man as a result of a
similar nutritional deficency Its relation to chronic alcoholism has been ex
plammed above It 15 however common in the tropics where alcohohsm 1s rare
and defictent diets common  Its occurrence 1n such regions can be correlated with
poverty and in turn with malnutrition  Although the <cale of iving 1n Western
Crvilization 1s on the whole too hugh for such an etiology to be common 1t did as
described by Himsworth ® occur in recent times of famme m Lurope During
World War II the hospitals in Budapest were filled with children with large fatty
hivers  These Iivers returned to normal size when milk and meat became available
Three of the children died of other causes later and were found at antopsy to
show diffuse fatty {nutmtional) cirrhosis

The gross and microscopic picture of these Iivers will vary with the stage that
the process has reached when the liver 1s seen  Grossly in the earliest stage
nothing, but the signs of massive fatty infiltration will be scen  The Iners will be
large somctimes weighing as much as 5000 grams swollen and vellow The
surface will be smooth and no evidence of fibrosts will be seen on gross section
In contrast to this_in the late stage the liver will be contracted and diffusely and
finely granular The granules will vary 1 «ze but rarely reach more than 1
centimeter m diameter Even grossly fibrosis can be made out at the peniphery
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Fs 30 ~Focal 1 ostuecrohic Cisshosts  An Atrophic airvhotic liver  The left labe 15 completely
atrophiic save for four nodules of regeneration  The r,ht lobe 1s al o atrept ¢ bu  contaws
muyltipie nadules of regeneration
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students of the subject agree that the fibrosis 15 not restricted to the petiphery of
the Iobule and 1n fact often begins around the hepatie or central vemns
In diffuse nutntional circhosis  contrast 1o postuecrotic currhosis the fibrosts
1s the resuit of a chromc progressive necrosts of liver cells rather than of one
cxtensive acute episode of recrosts I areas of the hver show essentaally 2 ssmi
lar process w diffuse fatty (nutntional) cirthosis, whereas 1n postnecratic cirrhosts
large areas show scarnng and atrophy and arcas of normal intact Iner tissue can
also be found
These differcnces between thost two types of cirrhosis are not only important
from the standpont of diagnosis but also from the standpoint of possible thera
peusis It 1s obvious that once the massive necrosts which results i postnecrotic
scarnng has taken place nothing can be done, other than to attempt to handie the
complications that arse from thus necrosts and resultant fibrosis as well as possible
The situation with fatty nutntional crrhosis 1s quite different  In the early
<tages wherc only fatty mfiltration 1s present, proper diets contaiming adequate
protemn and bipotropic substances can result in a restitution to normal  Thus has
been demonstrated by Hartroft**~*' and others n the experimental lesions It 15
probable that once cxtensive fibrosis has developed, the process becomes more or
fessirreversible but even here a reduction of the fat cantent of the remaming hver
cells should be benefical
(d) Pigment Cirrhosis —Pigment cirrhosts has long been known as a type of
arrthosts occurring in association with hemochromatosts  Morphologically the
picture 15 well known  Grossly the hver will vary m appearance with the stage
that the process has reached  In the early stage the hver s Jarge smooth, and a
deep chocolate brown in appearance Eaen on cross section no fibrosis 1s dis
tguishable grossly  In contrast to this n the late stages the liver 15 somewhat
contracted and diffusely and finely nodular The size of the nodules vanes but
stmudat to the picture in diffuse fatty nutntional arrhosis nonc are more than 1
centimeter 1 diameter The color 15 a deep chocolate brown and frequently
small pale nodules of regeneration can be seen  All intervening stages between
the early and the late may be found
Microscopically 1n the early stage the most striking feature 1s the large amount
of hemosiderin pigment in the hiver cells the hupfler celis the ile duct epithelium
and the connective tissue of the portal areas  This pigment 1s golden brown m
color with phloxine methylene blue and hematoxy lin eosim stans but will stamn a
deep blue 1f an wwon stawn using ferrocy amde of potassium and by drochlone aad s
used In addition to this pigment smaller amounts of a second pigment hemo
fusain are seen  This again may be found 1n any of the cells in the lwer but s
usually most promunent at this stage in the bile duct epithelium and connective
tissue of the portal tracts The hemofuscin does not give a positive 1ron reartion
1t 15 blue green 1m a phloxine methylene blue stan and stams a bnght red m
Mallory s% special stain for hemofusan  Tn this early stage a shght increase 1n
connective trssue most prominent around the penphery of the lobules 1s found
In the Iate stage the microscopic prcture 18 considerably altered The hver
tissue shows a diffusely distributed fbrotic process by which it 15 divided up inta
many islands which vary insize  There 1s evidence of a prohferation of bl ducts
1n ths ibrous tissue . Most of the liver cells contam large amounts of hemosiderin
pigment  Some 1stands of hiver celis contain little mgment and on close examina
tion show ewidence of regeneration such as mitotic figures  is thesc areas of
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of the granules  Usually the color will be somew hat yellow due to a small amount
of remainmg fat  These are the two estremes, and every vanety of mtervening
stages can be found

Microscopreally the strihang feature to be secn 1 the early stages 1s fatty m
hltration  Most Iver cells will be distended with a Jarge fat vacuole shoving the
cytoplasm to the peniphery  Fatty cysts may be seen as dusenbed by Hartroft &
In man the so called “alcoholic hyalme” of Mallory % 35 apt to be a promment
feature (Fig 32) Thus starts as hvaline droplets in the cytoplasm of the Iver
cells The droplets fuse to form an wrregular shem or network around the nucler
This hyaline matenal tahes an acrdophilic stamn and would seem to be a sign of
degeneration, as the cells which contamn 1t often become necrotic  The sigmifi

Fiv 32 —Fatty Mutritional  Ucoholtc) Carrhosis  Phlovine Vlelhylene Blue x 00 Farhy
stage showing fit and large amounts of 1lcoholic hyalin

cance of ¢ alcoholic Inalin 15 somewhat debatahle  If surtable stans are avail
able and the observer knows what to look for 1t can be found 1n almost any
arrhotic hiver of this type F B Mallory felt that 1t had some relation to the
alcohol consumed It 1s however reported in experimentally produced lesions
on deficiency diets and in the Iivers of children with this tvpe of cirrhoss who
consumed no alcohol

The ongn of the fibrosts that 1s found 1n these hvers 1s also somewhat contro
versial T B \allory alwais maintained that 1t was the result of condensation
of the .troma that supported the Incr cells which had become necrotic and were
removed  He also claimed that the only new connectrve twssue formed was that
1n the stroma of the regeneratmg cclls  When these m turn chnmL:cm;o:lt)' this
newly formed stroma became condenscd and promment  Hartroft {}:) 1 su\gH
gusts the same ongin of the fibrous tissue in the expenmental arthosss A
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the parenchymatous tissue  1he underlving anema and the somewhat frequent
transfusion reactions are thought to act as predisposing factors for the develop
ment of this exogenous hemochromatosis
‘The possible relation between this tvpe of hemochromatosis and the more usual
type 15 mteresting to consider It of course ymmediately suggests that the usual
type might be the result of excessive nd abnormal destruction of red blood cells
This has however Leen pretty completely ruled out because there 15 no hemato
logical evidence of a hemoly tic anemita red cell hy perplasia of the bone marrow
or increased production of bilirubin 1n the usual hemochrematotic patient
Titensnve studies on iron metabolism have been carred out by Finch ef
al ®%% n 1949 and 1950 In 1949 hannev Hegsted and Finch? reported
that as a result of feeding rats a corn gnit et contamning large amounts of fernc
atrate excessive amounts of tron were deposited 1n their livers It was also
possible to obtain excessive 1ron deposits 1n the hivers of ammals receining a nor
mal diet by adding large amounts of 1ron salts to the diet  No appreciable arrho
15 seems to have been produced  Large amounts of hemosidenin were deposited
(¢) Biliary Cirrhosis —In 1931 T B Mallor * described two types of ar
rhosis which were biliary m type The first of these was called colon baaillus
arrhosts on the basis that the mfection was usually caused by that organism
As time went on other organisms were found to cause the lesion and the term in
fectious cirrhosis was substituted for the colon bacillus cirthosis  Infectious air
rhosss 1s due to the invasion of the bile ducts (cholangitis) rarely the portal veins
(pylephlebitis) by orgamsms  The nfection tends to spread to the Iner tissue
adjacent to the portalareas Here it results in necrosis of Iver cells and eventually
1 fibrosts and proliferation of bile ducts
The second ty pe was called by Mallory obstructive arthosis  Inthistype asa
result of prolonged obstruction of the larger bile ducts the smaller ale ducts in
the portal areas proliferate and the connective tissue that subtends them also
proliferates  Tha leads to a diffuse type of arrhosis of the hiver which arises n
the periphery of the lobules  MacMahon and Mallory # (1929) reported 30 cases
of such cirrhosts in which there was no superimposed infection Ten of these cases
were infants and 20 adults The most common cause of the lesion in mfants s
a congenital malformation of the bile ducts whereas 1n the adult 1t results from
tumors concretions and mflammatory stricture At the same time Mac\Mahon
Lawrence and Maddock®” reported the experimental production of obstructive
arrthosis by tying the common bile duct 1n guinea pigs By the end of two neeks
considerable cirrhosis simitar to that described above was found
From the descniptions of these two types of cirrhosis 1t can be seen that a ar
rhoss starting at the penipheries of the lobules and eventually tending to surround
each Liver lobule by a zone of connective tissue and proliferating bile ducts can
accur (Fig 33) As with the hidney m obstruction of the ureter 1n the liver any
prolonged obstruction of the bile ducts 15 apt to be complicated by a superimposed
mfection of the biary system Therefore m practice combned lesions of infec
tious and obstructive cirrhosis are usually found and for this type of combined
lesion the term bibary cirrhoss 15 used
In recent years Spink ™ 1n describing the focal granulomatous lesions seen 1n
the liver 1 Brucellosis suggested that in healing a airrhosis of the Inver might
occur  Also 1t has been reported by Symmers®® 1n 1904 that the ova of Sefsto

soma manson are the chuef cause of arrhosis of the Inver in Ty Ppt, and similar
9
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regeneration become older according to the opimion of I' B Mallory, hemofuscin
15 present first in those regenerating liver cells and this 1s later transformed into
hemosidern  As described 1n the early stage, both hemosiderin and hemofusain
are found 1n the connective tissue and bile duct epithelium throughout the hver
The genests of the connective tissue 15 probably similar to that already described
m diffuse nutnitional fatty arrhosis Liver cells heavily laden with pigment
become necrotic and are removed This suggests that the pigment produces the
necross, but this 1s unproven  Nodules of regenerating liver cells compress and
condense the supporting stroma that 1s left behind  New stroma 1s formed m the
regenerating nodules, and when thesc newly formed liver cells m turn become
necrotic more connective tissue stroma 1s condensed
The etiology of pigment cirrhosis 1s still to a large extent unsolved In a series
of three papers®=% (1921, 1925 and 1926) I B Alallory considered the cause to
be chromc porsoning with copper  He based this belief on the production of hemo
chromatosts m rabluts and monkeys by chronic porsomng with copper salts and
by staning granules i the liver cells of human cases with a stamn (unripened
hemotoxvhin) which he considered speaific for copper  Most pathologsts today
would agree that the rabbit lesions were verv similar, if not identical, to those
found in human hemochromatosis  Schonheimer and Oshimat ¢ (1929) reported
the copper content of normal Iivers as 1 3 to 3 9 mg /1000 grams of Iiver and from
986 to 632 mg 1n hemochromatotic Iivers  Herkel ® (1930) found the normal
range to be 6 5 to 36 1 mg with 42 to 384 mg 1n hemochromatosis Herkel also
found 1n unpigmented types of arrhosts a range from 67 6 to 379 mg  Other
nvestigators, too, have been unable to reproduce Mallory 's results and the theors
that chronic copper porsomng 1s the cause of hemochromatosts 1s not widely
accepted
Many other theories as to the etiology of hemochromatosis have been offered
Rosenthal'® (1932) feels that 1t results from an mability of the hiver cells to reduce
fernic to ferrous iron  Sheldon®® (1935) considers the disease caused by an mborn
error of metabohsm  Gillman ¢t % (1945) claim hemochromatosis to be a
mamifestation of chronic malnutrition, and that a frank pigmentary cirrhosis 15
found m 12 5 per cent of pellagnns They feel that both the hemosidenn and
hemofuscin have a common ongin from mitochondria and propose the names
¢ cvtosidenin  for the former and  cytolipochrome for the latter This study
was carried out 1n Johannesburg South Africa on the native Bantu workers It
1s very difficult to evaluate 1t as this type of leston scems restricted to South
Afnica and we have never seen similar matenal
In recent years an interesting observation has been made on individuals who
have been given a large number of transfusions usually 100 or more  They
develop a process which 1s probably identical with hemochromatosis Schwartz
and Blumenthal’® (1948) present 5 cases and review the hterature on this syn
drome They suggest the name  evogenous hemochromatosts  for this type of
leston  Their 5 cases were all females who recerved transfusions for severe anemia
Eight sumlar cases were added from the hterature  In 12 of the 13 of these cases
on which an autopsy or a Inver biopsy was performed hemosiderosts and fibrosis
of the Iner was found  The presence or absence of hemofuscin 1s not mentioned
but 1t has been scen by usn at least one similar case Schwartz and Blumenthal
postulate that the hemochromatosis developing in these patients 1s the cnf(l result
of the deposition and subsequently irntating action of excess amounts of 1ron 1n
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the parenchy matous tissue  The underlying anemia and the somewhat frequent
transfusion reactions are thought to act 4s predisposing factors for the develop
ment of this exogenous hemochromatosis
The possible relation between this ty pe of hemochromatosis and the more usual
type 15 Interesting to consider It of course immediately suggests that the usual
ty pe might be the result of excessive and abnormal destruction of red blood cells
This has however, been pretty completely ruled out because there 1s no hemato
logical evidence of a hemoly tic anerma red cell hyperplasia of the bone marrow
or mereased production of bilirubin 1n the usual hemochromatotic patient
Extensive studies on aron metabolism have been carned out by Finch ef
al 3%5 1n 1949 and 1950 In 1949 Rinney Hegsted and inch® reported
that as a result of feeding rats a corn gnt diet containing large amounts of ferric
atrate excesstve amounts of tron were deposited 1n therr ivers It was also
possible to obtain ¢xcessive iron deposits 1n the hvers of animals recening a nor
ma) diet by adding large amounts of iron <alts to the diet  No appreaiable cirtho
sis seems to have Leen produced Large of h dermn were dep d
(¢) Biliary Cirrhosis —In 1951 I B Mallory * described two types of ar
thosis which were biliary m type The first of these was called colon bacillus
cirrhoss on the basis that the mfcction was usually caused by that orgamsm
As time went on other organisms were found to cause the lesion and the termin
fectious cirrhosis was substituted for the colon bacaillus cirrhests  Infectious cir
rhoss 15 due to the mvasion of the bile ducts {cholangitis) rarely the portal vems
(pylephletntis), by orgamsms  The mnfection tends to spread to the iver tissue
adjacent to the portalarcas  Here 1t results in necrosis of liver cells and eventually
1 fibrosts and proliferation of bile ducts
‘The second type was called by Mallory obstructive airrhosis  In this tvpe asa
result of prolonged obstruction of the larger bile ducts the smaller bile ducts in
the portal areas proliferate and the connective tissue that subtends them also
proliferates  This leads to a diffuse type of cirrhosis of the hiver which anses m
the peniphery of the lobules MacMahon and Mallory * {1929) reported 30 cases
of such airthosis n which there was no superimpo ed infection  Ten of these cases
were mfants and 20 adults The most common cause of the leston 1n mnfants 15
a congenital malformation of the bile ducts whereas 1n the adult 1t results from
tumors concretions and nflammatory stricture  \t the same time MacMahon
Lawrence and Maddoch®” reported the experimental production of obstructive
cirrhosis by tving the common bile duct 1n guinea pigs By the end of two weeks
considerable arrhosis similar to that descnibed above was found
From the descriptions of these two types of cirrhosis it can be seen that a ar
thosis starting at the peripheres of the lobules and eventually tending to surround
each hiver lobule by a zone of connective tissue and probferating bile ducts can
occur (Fig 33)  Aswith the Lidney 1n obstruction of the ureter 1n the liver any
prolonged obstruction of the bile ducts s apt to be complicated by a superimposed
mfection of the biliary system Therefore practice combined lesions of infec
tious and obstructive eirthosms are usually found and for this ty pe of combined
lesion the term bihary cirrhoss 1s used
In recent years Spink = 1n deseribing the focal granulomatous lesions scen m
the Iiver m Brucellosis suggested that n healing a arrhoss of the liver might
occur  Also it has been reported by Symmers'® 1n 1904 that the ova of Sc/isto

soma mansons are the chuef cause of cirrhosts of the iver Egvpt, and similar
9
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lestons are described with S /% tob orS jap 1 southern Afnea,
Chimna Japan and elsewhere Reports from Prussia, Sibena French Indo China
and to a lesser extent India describe a similar cirrhosts caused by the Irver flukes
Opusthorers fuineus and Clonorchs sinensts (Berman® 1951) Al of these would
secm to be ty pes of bihary cirrhosts

In 1948 MacMahon®® described a ty pe of cirthosis previously called * \antho
matous Bihary Crrrhosts "’ The studs was based on hver bropsies from 4 patents
sefected as showing signs and symptoms of the syndrome xanthomatous bihary
arrhosis by Dr S J Thannhauser Ten vears previously Thannhauser and
Magendantz!® had proposed the name of ¢ Aanthomatous Bihary Cirrhosts’ for
the hver changes found m patients who had had prolonged jaundice an enlarged
palpable hiver cholesterol blood levels above normal and vanthomatous change
on the hands and bodies  These authors had considercd the specific histologie

Fu 33 —Biiwry Cirrhosts  Phlocine Vethriene Blue X 20 Liver lobules surrounded by a zone
of den e fibrous tissuze showing bile duct proliferition and inflammatory nfiltration

lesion of the Iiver to be xanthoma cclle and increased tibrous tissue in the walls of
the ntrahep ttic svstem of bile ducts They considered these Irver lestons to be a
manifestation of a hercditary and systemtc disorder which they called essential
hy percholesteremic xanthomatosis

AfacMahon fecls that there 1s no basis tor constdering this syndrome as a mam
festatton of a single and specitic disease of the Iner or tor tncluding 1t 1 the tamby
of hereditary essential hy percholesteremic xanthomatoses ‘The name bikary xan
thomatosis has been sugycsted bucause an early jaundice and the presence of
\anthomatoses are the strihing, chnical features  In a later pubhcation Mac
Mahon and Thannhauser®® supgest that the hepatic disease may precede the

<anthomatosis
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(f) Syphilitic Cirrhosts ~According to the concept of F B Mallory this
could be drvided into two types (1) congemtal syphilitic cirrhosts and (2)
the Hepar Lobatum of tertiary syphilis The gross picture of congemtal syph
hitac airrhosis 1s a somewhat enlarged smooth, firm liver Microscopically there 1s
found a proliferation of fibroblasts beneath the Rupffer cells diffusely throughout
each and evers lobule With Levaditi s stain Treponema pallidum n large num
bers can be found 1n this connective tissue, and the fibrosis probably represents
a reaction to them

The pathology of Hepar Lobatum 15 welt known  Grossly the hiver 1 divided
up mto many coarse lobules by deep scars  The scars result from the formation
and healing of gummata  If the process 1s an active one, gummata may be found
m the scar tissue Histologically sections through the scars show dense scar
tissue with complete disappearance of normal hver tissue Evidence of a healing
gumma may be seen In sections from the centers of lobules normal hver tissue
with normal lobulation 1s found

REGENERATION

The capacity of the parenchymal hver cells to regenerate 1s astonishing  This
has been proven expenmentally by extirpating large portions of the liver and
observing how rapidly 1t returned to a normal size  Von Mester' (1894)
reported the removal of 75 per cent of the Iiver m rats rabbits and dogs and this
was folloned by restoration of the liver to as much as S0 per cent of 1ts origmal
weight Mann and Magath®® (1922) had simular results 1n dogs  The regenera
tion took forty five to sixty days It occurred more rapidly m young strong
anmmals  Fishback® (1929} working with dogs found that this regeneration would
take place repeatedly when the same operation was done on the same ammal
In 1931 Higgins and Anderson®® removed 70 per cent of the Iiver in white rats
and reported that the remaming fragment doubled m weight 1n seventy two
hours In a sumilar experment also using rats Bruesel o/ ' mn 1936 found that
after removal of 70 per cent of the liver what remamed ot the hver increased 50
per cent m forty eight hours Gross and histological examnations of these
regenerated masses demonstrated them to be the result of budding, from the remam
g fragment  Therefore, histological sections showed them to be composed of
normal appearng lobules with central veins and portal areas at the periphery

Probably more important than this ability of the liver of a normal animal to
regenerate 15 a consideration of the factors which affect and Iiut regeneration
If in the dog (Mann and Magath®® 1922) an Ik fistula 1s made diverting the
portal circulation from the liver, and then a portion of the liver 1s removed there
will be very shight 1f any regeneration of the remamnng, fragment  The conclusion
was drawn from this experiment that the ability of liver tissue to regenerate was
dependent on an ntact portal arculation and was somewhat proportional to the
nutntion brought by that arculation This concept 1s further strengthened by
an experiment 1n which 1t was shown that hgation of one of the two mam branches
of the portal vein led to atrophy of the lobe supplied by the ligated vern and a
hypertrophy of the other lobes (Rous and Lanimore™® 1920)

Pathologically 1t 1s well known that there 1s hittle evidence of hver cell regenera
tion n bilary arrhous associated with biliary obstruction It was shown by
Cameron® (1935) that, 1f he transplanted Liver tissue n which the bile ducts had
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been tied 1t did not grow as did hver tissue 1n which there was no brliary obstruc
tion  Bile stasis, therefore scems to be unfavorable for the regenerative process

In most forms of cirrhouts of the liver one of the strihing features is regeneration
1t 15 also known to oceur rapidhy following zonal ncerosis  Constderation of the
regenerative processes in these twoconditions potnts out some of the factors regulat
g regeneration  In the zonal necroses regencration replaces the cells lost as the
result of the necrosis and a restitution to normal rapudly occurs  As there 1s
always at Jeast a im of surviving liver cells on the periphery of the necrosis for
new cells to anse from and a framework of reticulum and stusaids for them to
grow over ths process 1s understandable

After massive necrosis however there are large arcas wvolving many ler
Jobules i which there are no surviving ver cells Also the supporting framework
of reticulum and sinusords has collapsed and 1s distorted  Therefore regenera
tion must start at the periphery of the area of necrosts and without a normal
supporting framework 1s unahle to re form lobulcs sinular to those present befare
the necrosis occurred  The result 1s large nodules of regenerated hiver tissue which
can be seen grosshy and microscopically  This regenerated tissuc does not have
the untform lobular pattern that 1s seen 1 normal iver tissue  The lobules vary
s size and the hepatic venules are eccentnically placed  This distorted picture
1s probably evplammable on the basis of pressure from the surrounding hver tissue
particolarly masmuch as thns contams connectn ¢ tissue wath increased amounts of
collagen

PRIMARY CARCINOMA OF THE LIVER

The chief devclopments 1n relation to tumors of the liver 1 recent years have
been 1n the field of primary carcinoma of the iver  Here as in so many fields of
pathology we are plagucd by a multiphaty of names for the same ty pes of tumor
Everybody agrees that there are two types of cells 1n the Iver which may give
nise to primary cancer of the iver  The first of these 1s the liver cell itself and the
other 1s the cell that hnes the bile ducts z¢  the bilc duct epithchium  Tor the
tumors aristng from the hver cells the terms ¢ primary Irver ccdl carcmoma

hepatoma and hepatoccllular carcinoma are used For those ansing from
the bile duct epithehum therc 1s even a greater varety  * bile duct carcinoma

alveolar carcinoma o cnoma  chol. and chol cllu
lar carcinoma  Such a large number of names 1s very confusing and the adop
tion of the terms hepatocellular carcinoma for the first and cholangioceliular
carcinoma for the second as suggested by Berman® (1951} would stmplify the
situation

One of the most interesting developments n this ficld has been a study of the
geographical {requency and distribution of prumary carcinoma of the iver  This
has been recently done in 2 book by Charles Berman® (1951)  He pomnts out that
there 15 a mathed contrast n the ncidence of these tumors m the different races
of theworld Whereas 1t 15 relativels uncommon among Western peoples (Turo
pean and American) It 1s seen relatnvely often and with roughly equal frequency
\n the African and i some Onental races  Among Bantu ( Mrican) and Javanese
malesitis undoubtedly the most common visceral cancer cncnu‘ntered 1ic tound
that among 772 cancer cases 1n male Bantu laborers 1 the W xtumersrm}::d gold
mnes in South Africa 670 cases or 86 8 per cent were primary cancefs ol thelner
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102 cases or 13 2 per cent werc caranomas of other organs By far the most fre
quent histological type was the hepatocellular carciioma  In Javanese males
almost 80 per cent of all carcainomas are pnimars 1 the liver

These facts about frequency and distnbution immediately provoke interest in
the possible retation of this to the etiolagy of these cancers  Thisis also thoroughly
discussed by Berman  Ewing? (1940) states that cirrhosis 1s present 1n 83 per
cent of hner cell cancers and 50 per cent of bile duct cancers  Berman found 1n
reviening the hterature that airthosts was present tn 67 2 per cent of both forms
of pnmary carcinoma  Inasmuch as airthosis mostly on a dietary basis, 1s also
very common m the areas where these tumors are frequent he feels that dietary
causes are very mmportant in relation to etiology  Whether it 1s the diets per se or
the regeneration protoked by the cirrhosis that 1s the more important 1s certamly
open to argument  Inasmuch as hepatocellular carcinoma occurs frequently i
forms of cirthoss such as pigment cirrhosis and postnecrotic arrhosis where the
dietary factors are either not the same as in fatty nutntional airrhosts or not
present at ail the dietary factor by itself alone 15 perhaps not too mmportant

Expermmental pnmary hver cancer has been produced by a varety of sub
stances The best hnown of these 1s © butter yellow (p-dimethy lammnoazoben
zene) hmosita™ 7 (1937 1940) succecded in producing both types of tumor
with this substance and studicd the whole group of azo compounds  The tumors
have also resulted from dibenzanthracene (Ilfeld* 1936) selemum (\Moxon and
Rhuan'® 1943) carbon tetrachlonde (Edwards and Dalton ® 1942) and many
other substances Trom tiis we may judge that prmary carcinomas of the hver
can be produced by caramogenic substances but exposure to these substances by
humans does not seem to have been very adequately proven
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A SURVEY OF TECHNIQUES FOR THE HISTOCHEMICAL
APPROACH TO PATHOLOGY

By] F A McManus MD
INTRODUCTION

Tints histochemical approach to pathology has two parts The first part 1s
composed of the mstochemical techniques which are simple exact, and suffictently
nformative to be used 1n a laboratory of pathology In order to indicate these 1t
15 necessary to describe the materials studied the methods of their demonstration
and results which can be expected  These data are given in this essay or chapter

The second portion of the histochemical approach to pathology 15 one of con
cept or viewpomnt It consists 1n thinking of the normal and diseased cells and
tissue 1n terms of chemucal constitution ¢# addition to the morphological appear
ances The histology 1s necessary and primary since otherwise the histochemical
pathologist becomes a micro chemist ~ As such he 1s capable of perpetuating into
pathology the purely biochemcal viewpoints which many senious pathologists
consider as a return to the humoral doctrines of Rokitansky It 1s hoped that the
application of the techmques discussed in this chapter will allow the accumulation
of data maling up a stochemcal pathology

In the discussion of the chemical features of tissues and the histochemical
technmques formulae have been cut to the mimmum  The information which 15
furnished by the structural formulae does not appear necessary m much of this
discussion  Moreover some pathologists appear allergic to structural formulae
“Many develop an iferionty complex when confronted with them The chemsts
and biochemsts who read this chapter will be Ihope satisfied with the chemical
terms and the chemical viewpomt

The mtroduction of histochemistrysinto biochermstry 1s 1n many ways a revolu

tion which 1s of the same degree as the mtroduction of the microscope nto
That all bioct will recognize this 1s too much to hope for just
as1t1s beyond hope that all pathologists w1l recognize the value of histochemustry

It will be appreciated by many pathologists that the wmtroduction of hsto
chemistry mto pathology 15 actually just an extension of the ongmal morphologt

cal viewpomt with the addition of the chemical mformation which 1s furnished
by the special techniques Fortunately enzyme methods are developing more
rapidly than other methods in histochemistry This 15 destrable as concentrating
on the dynamic approach to tissues . preference to the static classically mor
phological approach

It 15 probably along the lines of histochemistry that pathology 15 to develop
Many pathologists would not agree with the few who believe that the progress

(139)




140 TECHNQUES TFOR HISTOCHLMICAL \PIROACH TO PATHOLOGY

of pathology 15 1n the drrection of clinical patholgy with the pathologists to become
a sort of assistant to the chnician  Much progress can come and s coming out
of listochemacal pathology

Historical Notes —Histochermstry 1s a term which was introduced about the
same time as the term histology ¢ It seemed natural to the early workers to
think of tissues from the aspect of chemrcal constitution quite as much as mor
phological appearance  Techmques i the morphological field developed more
rapidly than the chemmcal information As a result the chenustry of the tissues
developed along the test tube line rather than the intra cellular values for which
the early workers had hoped It 1s noteworthy from the viewpoint of the patholo
gist that Virchow ™ had actually hoped to draw attention to the cell as a chemical
unit, as Klemperer®® points out when he suggested the cell as the unit of discase

The disparity between the development of histological and brochemical informa
tron separated chemical constitution from the microscopic appearances To the
student of disease 1t appeared frequently that the biochemists and the histologists
were talking about two different structures  For example the biochermst would
tall. about nucleo protemns and the histologists would speak about the nucleus
The biochenusts rmght mention that one of the types of nucleo protetn would be
found n the nucler but not many biochenusts would be able to recognize the
nucleus under the microscope Contranwise the histologists might mentson
nucleo protein m a discussion of nucleus and cytoplasm but 1t was apparent
that not many stologists would recogmze the chemicat structure of the two
types of nucleo protetn  Thts gap 1s being bridged by the renascent science of
histochemistry

W hile the development of a science has to have a great many people contribut
ing to 1t there can usually be several figures pointed out as being particularly
influentral  In histochemustry the contributions of Raspail  of Lhrlich 3 and of
Lison® appear particularly noteworthy  The selection of these mndividuals does
not imply thit mamy other worhers were not active n the field and did not con
tribute important material  Actually the field has enjoyved the services of a great
many scientists  Contributions have come from all of the biological sciences
Botany Zoology Histology Lmbrvology and others as well as Pathology have
represented fields in which histochemustry has been developed and found apphea
tron  Actually the real and potential contnibution of the pathologists to histo
chemustry 1s very great as it was in the development of cytology and histology

The mterest of the pathologist in the cells and tissues and the volume of tissucs
and cells which the pathologists study ar. both very great It will be recalled
that Altmann was responsible for the isolation of nucleic acids from the nuclein
of Miescher as well as contnbuting the ¢y tological techniques for mitochondnia
and actually the description of the mitachondna themselves Altmanns fame
was revnved recently m the Altmann Gersh freezing dryving apparatus now mn such
popular use 1n histochemcal laboratorics  The names of pathologists who con
tnibuted to the carly development of histology and cyvtology are too numerous to
repeat but among them Benda Cajal Masson Unna Virchow and Policard
should be mentioned  Each of these students of discase attempted to lcarn
something about the chemmstry of the cell  Chemucal methods had not dev clag]cd
1o the pownt at wiich thar application to cellular constituents was posstble

vdyance i chemistrs has made histochemistry possible within rccent years



TFCHNIQULS TOR HISTOCHEMICAL APPROACH TO PATHOLOGY 141

Raspail was a versatile Frenchman who lived between the vears 1/94 and 1878
He was physian botamst chemust and strangely enough a politician of distinctly
revolutionary tendencies In this multiphiaity of actiities including violent
politics as well as hns onginal medical education he resembles the great figure of
the Trench Revolution Marat Unlike Marat he died peacefully although a
number of prison sentences, exile and a flight to escape them are interspersed in
the career of Raspml  The man has now reached a certain respectability and the
Boulevard Raspail near the Sorbonne 1n Pans testifies to this
Raspail 1s important in two ways He seems to have been one of the first to
have demonstrated chemical constituents wn tissues  Moreover, he appreciated
the 1mportance of the demonstration  Colin and Declaubry had found in 1814
that 1odine would stain starch granules Caventou used this method 1n 1826
These arc however 1solated contnibutions while those of Raspail are numerous
He not only used the 10dine method n 1825 for study g starch granules but also
a method which 15 now used for tryptophane 2 method for protein making use of
mtric acid—the xanthroproteic reaction—tested the pH of the cvtoplasm with
an indicator dye and 1n general succeeded 1n his hope of carrying the chemical
laboratory to the microscopic stage It is not too much to say with Baker® and
Pearse ® that Raspail was the founder of histochermstry Certamly the con
cept of hstochemstrv was first clearly stated by lum Above all he contributed
valuable techniques some of which are now mn use
The next figure which appears important on the scene of histochemistry 1s that
of Thrlich  The contributions of Ehrlich to medical and chemical sciences are
almost too numerous to name Specially noteworthy however are the mtro
duction of arsphenamme for the treatment of syphulis and mndeed the whole con
cept of chemical matenals possibly poisonous to bacteria  Immunity still shows
many of the marks of Chrhich s contributions  Ehrlich in 1883 used 10die to
stamn glycogen mn the tissues  In histochemustry Ehrlich s greatest contnibution
appears to have been the realization that enzyme could be demonstrated visually
in the body tissues Ehrlich mnjected a naphthol and paraphenylenediamine into
ammals The blue color formed at sites of ouidase activity Intellectually
therefore Ehrlich 15 the ancestor and the one responsible for the many histo
chemucal methods for enzymes which we have today These include such valu
able methods as those for the phosphatases # * for cholinesterase?® and for mansy
other esterases The method of Ehrhich 1s still used for cytochrome ox:dase 3
The third figure that dommates the istochermcal field 15 that of Lison The
studies of this contemporary Belgian scientist are many Perhaps the most
important 1s the organization of the material and concepts of histochemistry mnto
s Histochimie Ammale  This great contrtbution put histochemistry upon
firm grounds perhaps for the first time  Lison pointed out many of the basic
enteria and desiderata of histochenustry  One of the basic 1deas which 1s stall
worth considering from time to time 1s that histochemistry must be good histology
as well as good chermustry  This 1s sometimes overlooked

VW orthwhile techniques are histed i Table IIT  The pathologist will recogmize
methods for 1ren and fat which are still in use

Having gone along this far i our discussion of histochemistry and the histo
chemucal approach 1t might be worthwhile to consider some defimtions of terms
Histochemistry means hterally the study of the chemical constitution of the tis
sues By usage 1t includes cy tochemustry the study of the chemical constitution
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of the cells  Separation of the subject mnto histo and ¢ tocherustry seems aca

demic  In this discusston whenever the term histochemustry 1s used 1t will include
the study of the chemistry of the cell

TasLF I —HistocseMIcAL TECHNIQUES

Malerals Methods Tuthors

Lipord Sudan II 111 Dadditt

Lipads Sudan Blek Laonsr
Phospholipid Chrome Hematosyln Pyndine extraction Bakers

Cholestero! Lieberman Burckhard Schultz®?

Acetal phosphatids Plasmal Feulgen®

h d Phenvlhy di Bennet?

Steroids i Nile Blue Sulphate—Red stain Camte

Carotenowds }

Carbohvdrate Periodic Aaid Schiff s (PAS) + acety Jation AeManus & Cason 2
Acid carbohy drate AMetachromasia ++ hyaluronsdase + PAS Penney & Balfour®
Glycogen PAS 4 dinstase Li'lie & G eco®®
Protem Diazomum Danelli?

Arginine Sakaguchi—Oximne Yiarren & Melanus! ¢
Desovypentose

nucleaprotemn HCI~Schiff » Pewlyen®

Pentose nuch Basophili Rsb Stowell ¢

Alkahne phosphatase  Glycerophosphate caloram cobalt Comorn™

A 1d phosphat al hosphate caleium lead Gomors®

Dopa oudase Dihydrovy pheny lalanine Ladlaws
Cytochrome oxidase Nadi + Azde ooy, ®

Chohne esterase Mynistovl choline Coman’?

Terric won Pruswian Blue (Perls Stain) Bunting?

Vitamin A Fluorescence \Microscopy Popper !

Vitamin C Sther Reduction Bourne®

5 N\ucleot:dr e 5 Nucleotide calorum cobalt McManus Lepton &

Harden?®7

PART I-—-TECHNIQUES

The techniques used in hstochemistry are numerous  They utilize the iindings
of chermical and physical techniques of many sorts  They may be tabulated as
follows

{1) Chemical reactions on hissue sections Example The PAS reaction for
1 2 gly cols includmg carbohydrates

(Zg) Chemical reactions produced by tissues and cells Evample I'nzymc
Jemonstrations wn tissues such as alkaline phosphatase® ar ¢\ tachrome owudase

(3) Selective affimty of dyve to tissue constituent L«ample  lhe stawning of

fat with the Sudan dves *
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(4) The use of selectny ¢ solubilits mn appropriate sol ents to remoy e some tissue
constituent 4

(5) The action of enzymes on tissue sections It 15 considered that the enzyvme
will attack the appropriate substrate ¥ Matcnal removed by enzyme action
1s taken to be the chemical constitution of the appropriate substrate for this
particular enzyme

(6) The use of radiation of different characters Ultraviolet absorption meth
ods for the nucleo protemns'® and the fluorescent microscops * of tissues are ev
amples of radiation

(7) Micromnancration This method introduced by Policard # has found great
use 1n the hands of many biologists It consists essentially 1 the gradual heating
of a tissue sectron to a temperature at which all organic materials will volatilize,
Ieaving the morganic matenals as a sort of sheleton of the cells and tissue  Lhe

A B c

F16 34 —Alkaline phospatase on sections A Crush falure B \ormal kudney
C Acute hypertension  (McManu  Medical Dt eases of the Rdney )

further study of the remnants of the section covered wath glycermn and a cover
shp 1s best accomplished with dark field alumunation It s difficult to identify
the matenals left 1n the ash

The chermcal reactions 1n tissues would be the desirable method to study
the morphology of tissue constituents This method has the disadvantage
that static or fixed components only are studied For example the nucleus 1s
generally studied by the Feulgen® reaction  Only over wide ranges can the dif
ference m the amount of nucleo proteins demonstrable by the Feulgen method be
compared

The greatest care must be exercised 1n mterpreting the chemcal reactions
produced on the tissue sections The repetition of the reaction n the test tube
must be considered es ential It should be demonstrated that the hmits of sen
sty of the reaction conform to the hmits of concentration of the material
mn the tissues It 1s by the chermcal reactions on the tissues that the greatest or
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at least most spectacular progress has been made It has not always been possible
to prescnt ymmediately the exact chemical bases for the chemcal reactions but
these have usually appeared i fime
The chemical reactions produced by the tissues are numerous and mncreasing
n number  This is fortunate 1n many wavs prinapalis because one prefers to
think of cells and tissues as bemgin 1 dynamic state  If one werc able to demon
strate only the fired quantitics of matenals although they would have some
morphological value the dyvnamic chemical information would be less
‘The chemucal reaction produced by the tissue sections or cells consist generally
in the exposure of the tissue or cells to a substrate which produces a colored or
colorable compound  Tor example m a demonstration of alhaline phosphatase
there s one method? which produces a colored compound by the enzyme breahing
up a soluble substrate and the product of the enzvme activity 15 deposited as an
insoluble compound at the site of enzyvme activity  Alternatively mn the demon
stration of the alkaline phosphatasc®® there 1s the splitting of gly cerophosphates
by the enzvme 1 the tissue section  The phosphate 1s rendered immediatels
msoluble by calcium present 1n the substrate solution  Calcium 1s replaced by a
cobalt wash following the electromotive series  The cobalt 15 in turn colored
black as the sulfide by yellown ammonum sulfide The black cobalt sulhde 15
presumably present at the sites of alkaline phosphatase activity
This techmque of enzvme demonstration 1 tissues 1s susceptible to almost
indefinite utthzation  The mcthod of approach 1 hmmted by the necessity that
the enzvme 1tself must not be diffused and that the compound produced by the
action of the enzvme on the substrate must not be soluble Minor degrees of
solubility have frequently produced erroneous wterpretations  Due to the many
vaganes of techmque 1t might be emphasized that companison of histochemical
results 1n this tvpe of reaction are much Letter founded on a present or absent
state rather than on a matter of degree It 1s fairly safe to say that when an en
zvme should be demonstrated m large amounts 1n tissues and 1t 15 absent that
there 1s something abnormal particularly when the enzyme can be demonstrated
1 normel quantities 1n adjacent tissue It 1s much less safe to say that the enzyme
1sdecreased 1n quantity because such decreases may be the result of some condition
of tissue handling  Comparnisons should be made only on tissues with duplicate
handhng
‘The pime example of the selective affinity of a dyve for some tissue constituent
15 scen m the utthzation of the alcohol and fat soluble Sudan dyes for the colonmg,
of fat  Trozen sections have ordinaniy to be used but the solubihity of the fat
depends to a degree upon 1ts association with other tissue components Many
fats are actually not completely alcohol or even \ylol soluble The chemical basis
for Sudanophilia 1s not completely understood ~ Apparently 1t depends upon the
selective solubility of the Sudan dye in triglycende fat possibly more complex
fat 1n preference to the alcohol in which the dve 1s dissolved  Actually there are
a number of tissue constituents which do not appear to contamn fat but which are
colored by the Sudan dyes For example Sudan black® will color many mucins
The mucmns contam glveols  The ordinary tngh cende fat1s a fatty acid ester of
glyceral  The PAS reaction®s of 12 ghycols with fat has not vet been possible
The alcoholic PAS method to be descnbed later which was elaborated by Mown
and Longles ** may make this possible  If a chercal reaction which was specific
for the trgly ceride and other lipoids could be found 1t would be preferable to the
10
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preferential solubihity methods such as are used with the Sudan dve Until this
techmque 15 prepared 1t 1s necessarv to utihize the Sudan dyes, heeping, some
mental rescrvations on their specificity

The usc of solvents for removing matenals from tissuc sections and the use of
enzymes on tissues are both hrmted by the one factor 7 ¢, the compound nature
of tissue constituents  Physically as well as chermcally compounded myxtures of
several different tvpes of chemical matenals occur m tissues  The solubihity of
these nuxtures 1 enzymes or In solvents 1s unpredictable The chemical impunity
of tissue constituents 1s matched tn regard to the cnzymes by the impunty of the
enzyme preparations  The naturally occutring enzymes attackh a varety of
substrates  For example, commercial pectinase has a proten active component
as well as a carbohy drate active component  It1s therefore, impossible to draw
too strict conclusions about enzyme spearficity unless pure enzymes, preferably
crystahzed and electophorectically homogenous arc used ** Lven with crystalline
enzymes howcver there does appear to be the possibility that more than one
tvpe of substrate can be attacked *®

The use of radiation of different wave lengths for the chemical analysis of tis
sues 15 a development of rather recent vears While contnibuting a very great
deal to th. histochemucal information the methods using radiation with a very
few exceptrons are yet 50 complex that the application in an ordinary laboratory
of Pathology 15 not vet possible The only method of this sort m common use
laboratories of Pathology are the nicol prisms familiar to most pathologsts for
the identification of cholesterol  The nicol prisms put hight on one plane
Matersal 1n sections which 1s frequently cholesterol 15 br refrigent 1t 1s to be
noted at this point that br refigence 1s a property of crystals rather than any
particular type of crystal®  The wdentification of cholesterol by bi refrigence
n the nicol pnism apparatus will be erroneous very frequently 1 there are
other auvillary methods of identification such as some of the chemical reactions
for sterols and perhaps even Sudan coloring a b refrigent matenal probably 1s
cholesterol but 1t need not be

Micromeneration will be discussed no more than 1t has been above

This brief review of the pnnaples of the lustochemical identification of tissue
has been presented as a prelimmary to the study of a number of the classes of the
chemical constituents of tissues  These will be presented as entical comments on
methods for carbohvdrates fats and proteins  Whenever posstble the application
of the methods to pathology will be mentioned

As 1 most revtens there will be more formation or proposed wformation
contradicted than actually presented That 1s necessary at the earlier stages of
the development of a screntific discipline  One of the first things that has to be
done m the construction of a building whether 1t 15 a house or a what not 1s the
clearing of the sitte  Ths same sttuation holds true in the apphcation of histo
chemistry to pathology  Many false conclusions have been presented  The
dentification of blue staning, granular matertal in tissucs as calaum 1o the ordh
nary hematoxylin and eosin scction 1s a prime example of this v Calaum very
frequently does color blue with hematoxs in but so does nuclear matenial insprs
sated muan and many other materials The 1dentiication of calcium 1n bissues
15 diffiult  The preltmnary mucromncineratton of the fissucs or tissue section is
to be desired By high temperature combustion of the tissuc scetions in a muflie
furnace all erganic material will be volathzed  The crystalline maternal nmaning
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15 of the morgamc vanety and this does include calaum  Even at this point the
defiming of the materal as caleium 1s difficult

Carbohydrates

The carbohy drates of animal tissues are beginnng, to assume some of the 1m
portance which has been held for a very constderable time by the carbohy drates
of plants  Many, if not all ammal tissues and cells appear to contan carbohy
drate The older encrgy storage concept of glycogen has been remnforced by re
cent evidence  Structural, lubneating and supporting roles are appearing for
ammal carbohydrates These newerdata combine to expand our knowledge of the
carbohvdrates ‘They produce a considerable revision of our 1deas of normal and
discased cells and tissues from the twin viewpomts of structure and function

The new data upon the animal carbohy drates have come from two main sources
The one and probably the more precise 1s 1n the biochermcal studies of  eulgen,’
Levene ™ Stacey® and many others The element of precision 1n these studies
consists in the chemical formulation of the carbohydrates whenever the matenial
under study eusted 1n tissues 1n sufficient quantity to permt test tube analysis
The other larger and more frutful source of information 1s the application of
chemical methods to tissue .ections—the renascent study of histochermstry  Ad
muttedly less precise chemically, and hmted 1n their application by the minute
quantities of matenal which exist 1n the complicated cellular and tissue structure
the data about carbohydrates furmshed by histochemistry have been immense

The State of Carbohydrates in Tissues —Normal body constituents consist
usually of mixtures or compounds of several classes of compounds eg, lipo
protems glycoprotems and glycolipids  This complexity of composition 1s main
tained at a structural level-—nucleus and mitochondria—as well as 1n the molecular
level—e g nucleoproten  Pure substances in the tissues appear to be rare
Many 1f not all protemns contan small quantities of carbohvdrate and in many
proteins the carbohydrate content 1s sizable It may even be that the pure sub
stances—fats carbohydrates and protems—represent analytical values without
exact counterpart mn nature

The metabolic interrelationships of fat, carbohydrate and protemn are obvious
at the two carbon atom level Depending upon the ratio of these three constit
uents fat protein or carbohydrate matenal taken m as nounshment may trans
form 1nto one of the other two matenals e g the fat to protein or sugar

The carbohy drates of high molecular weight are classified by Stacey ¥7 as follows

Polysaccharides—no protein component gly cogen

Mucopoly sacchandes—small protein component mucins heparm chondroitin

sulfuric acid

Muc —considerable protemn

T hormones
While the polysacchandes are taken to contain no protein the ability to fix
glycogen 1n tissue with protein fixatives such as picnc ad makes 1t probable
that these matenals have a colloidal relationship with protein 1f no other

The mucopolysacchandes comprise the best hnown group of the complex
carbohydrates They include the matenals m the ground substances of the con
nective tissues and cartilage the mucins etc

The mucoproteins include the hormones thy reoglobulin and the anterior pitul
tary follicle stimulating and lutem stimulating hormones  The mucohpids are
less well known but include many matenals potentially tmportant
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In summary, from the chemical viewpomt there are carbohy drates in the tissues
of animals m a form combined physically with protem as well as compounds 1n
chemtcal combination with proteins  The latter exist as chicfly carbohy drate or
chiefly protein materials  The individual carbohydrate huilding blocks of these
polysacchanides mucopoly sacchandes and mucoproteins can b taken to be pres
ent In tissues at one or another stage 1n metaboltsm

The Preservation of Tissue Carbohydrates for Demonstration 1
Histochemustry —Carbohvdrates may be present n tissue without finding
their way mto sections for study  Pure carbohyvdrates are water soluble espe
cally those of low molecular werght The routine histological and cy tological
fixatives contatn water as do the dilute 1lcohols which begin dehy dration  Aque
ous soluttons of stawns and chemucals ave used 1n the demonstration of carbo
hydrates It would be expected that most or all of the carbohy drates would be
lost from sections especially those without protem components

Fortunately this 1s not the case  As previously mentioned even the polysac
chandes appear to have a phy sical combination with protein  Some ply cogens in
tissue can he preserved with aqueous fixatives such as Zenker s flud or Hellv's
flnd (Zenker s with formol) or even with such solutions as neutral formaln
This has been repeatedly described recently by McManus and Tindley¥ concern
ing the glycogen of the human cervix uters  I'xatives contaimng picric acid
especially Bouwmn s fluid are espeaially good for gly cogen n tissues  Thrs has been
emphasized by Lison ¢ by Pastecls and Leonard® and recently by Lithe * It1s
an overlooked fact which mvahdates many conclustons drawn from the pure
polysacchandes rather than from their state m the tissues

If the mucoproteins and mucopolysaccharides contam sufficient protermn any
efficient protemn fixatives will fix the entire complex  This 1s espeaally
true of the mucoprotems which are well fived by Zenher s Helly » Regauds Max
mmov s or Bown's soluttons  For the mucopolvsacchandes with small proten
content 1t may be necessary to use finatives such as lead sub acetate (Holmgren s
I'mative')  This was recommended by Dempsev and Wislochi?® who point out
its distinct shortcomings as a cellular fixatine A recent suggestion that the os
muum tetroxide hixatives™ may be valuable for the mucopoly saccharides and the
polysaccharides needs further confirmation and study ~ Some prehminary obser
vations by McManus aind Lupton (unpubhshed results ) are summarnzed here

The use of osmium tetronide as a carbohy drate fixative has procecded only 2
short while In 2 few instances 1n the expenmental ammal (rabbuts and rats)
1t has seemed to preserve these tissue structures and carbohy drates in fine fashion
We have u ed it in a solution made up as follows

Norml sihne a0 cc
Bichlonde of Mer ury 10 4m
Osmum tetroxide 1m

The bichloride and osmium are dissolsed n the order given  The fixatnve 1s
feptima sealed brown bottle and 15 used 1n small vials which are sealed

The osmium fixative suffers from the customary handwap of poor penctration
5o that very small portions of tissue must b used It has seemed that with smatl
and thin pertions ot tissue adequate fnation has occurred when the central por
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tions of the tissue are vcllow rather than black  This has occurred 1 one to si
hours  After this period of fixation the tissue 1s washed and dehydrated rapidly
by an acctone method or more slowly by an alcohol xylol procedure  The tissue
15 embedded 1n parafiin and sections can be cut readtly at 4 to 6 microns

The glycoqen of cartilage cells 1s well fixed after one hour and superbly fived
after four hours The longer fisation has the disadvantage that other tissue carbo
hydrates (mucin ete ) arc decreascd 1n quantity, perhaps by overowidation  The
osmuum tetroude blackens some materials such as myelin sheath which can m turn
be oxidized by pertodic aad and colored with Schuff s reagent It 1s possible that
this material i the my clin sheath was onginatly carbohydrate  Itay also possible
that an unsaturated double bond has been oudized by the osmium which 1s at
tached to 1t n 1ts reduced condition z e

[¢]
]
0==05=0

AN\
R~C=C—R + 0s0 — R—(—~C—R
H H H H

The subsequent oxidation by periodic acsd of the osmum compound might pro
duce aldehyde which 1s colored by Schiff s reagent  The other possibihty 1s the
nitial vagorous oudation of a double bond* to produce a 1 2 gly col which s then
susceptible to ovdation by pertodic acid

An 1mportant sequence of the osmum tetroude expeniments 1s the reahzation
that periodic actd may produce a coloreg where no carbohydrate 1s present

Freezing drying methods find therr most valuable application 1n the study of
the poh sacchandes and mucopolysacchandes It 15 possble to preserve these
carbohy drates mn their proper cellular and histological posttion 1n most mstances
with the Altmann Gersh method ® The difficulties of delay and complicated
expensive apparatus restrict the use of this valuable technique to research labora
tories  Inevitable simphification will make the method more widely usable In
the meantime fixation 1 picric acid alcohol following rapid cooling has heen
recommended by Lison &

Once successful fixatron has been accomplished the processes of dehydration
clearing and paraffin embedding have httle danger for the carbohydrate  Cel
loidin embedding 15 stower but at least as good as paraffin embedding  The pres
ervation of carbohy drate 1n tissue d ds the optimum handling at every stage
mcluding the hydration following sectioning  Lille recommends a coating of the
section with cellordmn before 1t 15 brought to water prelimunary to the demonstra
tion of the carbohydrate This procedure 15 useful 1n the studyv of human hver
glycogen Itismot necessary for other gy cogens e g cervix utert or for most muco
polysaccharides and mucoproteins

Methods for the Demonstration of Carbohydrates i Tissue Sections —
If there are carbohvdrates in tissues and they are adequately preserved mto the
tissue sections therr demonstration 1s unsatisfactory unless a specific reaction 1»
used For example 1t 15 of httle value to preserve the carbohydrate mto tissue
sections Jf they are then demonstrated by one of the carmme dyves which color
non carbohydrate matenials and whose chemical basis for staming 1s unknown
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In summary from the chemical view pomt there are carbohy drates in the tissues
of amimals 1n a form combined physicallv with protemn as well as compounds 1n
chemical combination with protetns  The latter cxust as chiefly carbohy drate ot
chuefly protemn materials  The indnidual carbohydrate buildimg, blocks of these
polysacchandes mucopols saccharides and mucoproteins can be taken to be pres
ent 1n tissues at one or another stage 1n metabolism

The Preservation of Tissue Carbohydrates for Demonstratton 1n
Histochemustry —Carbohydrates may be present m tissuc without findmng
their way into sections for study  Pure carbohydrates are water soluble espe
cally those of low molecular weight The routme histological and cy tological
finatives contain water as do the dilute alcohols which begin dehy dration  Aque
ous solutions of stamns and chemicals are used In the demonstration of carbo
hyvdrates It would be expected that most or all ot the carbohy drates would be
lost from sections especially those without protem components

Fortunatehy this 1s not the case  As previously mentioned even the polysac
charides appear to have a physical combination with protemn  Some gl cogens
tissue can be preserved with aqueous fivatives such as Zenher s fluid or Helly's
flud (Zenher s with formol) or even with such solutions as neutral formahn
This has been repeatedly described recently by McManus and indley 7 concern
ing the glvcogen of the human cerviv uteri  Inatives containing pieric acd
espectally Bown’s fuid are esprerally good for gly cogen 1n tissues  This has been
emphasized by Lison ¢ by Pasteels and Leonrd® and recently by Lillie ® It1s
an overlooked fact which mvalidates many conclusions drawn from the pure
polysaccharides rather than from their state m the tissues

If the mucoproteins and mucopolysacchandes contan sufficient protcn, am
efficient protemn fixatives will fix the entwe complex This 1s especially
true of the mucoprotems which are well fived by Zenher s Helly s Regauds Max
1mmoy s or Boum s solutions  For the mucopoly sacchanides with small protem
content 1t may be ncccssary to use fixatives such as lead sub acetate (Holmgren s
Tixative!)  This was recommended by Dempses and Wislochs ® who point out
1ts distinct shortcomings as a cellular fivative A recent suggestion that the os
mium tetrouide fixatines may be valuable for the mucopolysacchandes and the
poly saccharides needs further confirmation and study ~ Some prehminary obser
vatians by McManus and I upton (unpublished results ) are summarized here

The use of osmium tetrovude as a carbohydrate hixative has proceeded onby a
short while In a few nstances in the expenmental ammal (rabbits and rats)
1t has seemed to presers e these tissue structures and carbohy drates in fine fashion
We have used 1t in a solution made up as follows

Normal saline a0 ¢
Bichlonde »f VMercurs 104m
O mium tetrowt le Tem

The bichlonide and osmium are dssolved i the order mven  The fixative s
Leptna ealed brown bottle and 1s used 10 small vials which 2re scated

The osmum fizatine suffers from the customary handicap of poor pcnctraua?‘
so that very mall portions of tissue must be u ¢d Tt has scemed that with 1sma
and thn portions of tissue aduquate tnation has occurred when the central por
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phosphate and Wislock1'™ and Meyer™ have shown metachromasia in hy alurome
acid and i nbonucleic acid It may be stated fairly that the chemical basis for
metachromatic staiming 1s not certain although metachromasia 1s 2 property
possessed by many carbohydrates particularly those of high molecular weight
and aad 1n reaction

Methods with Carmine —It 1s not clear that the carmne stans for carbo
hydrates ¢g Bests Carmine Stam for glycogen \ayer s Mucicarmme Stain
for mucin® are not based upon some poorly understood chemical affimity At
present time these are empinical methods which are not specific or trustworthy
Best s Carmine stam for gly cogen frequently colors mucus and mast cell granules
\layer » mucicarmne may color glycogen It can be shown (vide infra) that other
methods for demonstrating glycogen show more matenal than Best s carmme
Under these aircumstances—Best s Carmine 1s not specific for gly cogen and does
not demonstrate all the gly cogen—the method should be atlowed to disappear from
practice

The mucthematemn stun of Maver® has been popular m the past It stawms
mucin a clear blue and shows connectiv e tissue mucin better than epithehal mucin
Some of the mucins —e¢ g, stomach— are not shown at all It 1s interesting that
both mucicarmine and mucithematein stains contam aluminum chlonde  These
stains might be of some value 1f their chemmical bases were understood

Congo Red —While amyloid docs contain some carbohy drate 1t 1s only possible
that 1ts selective coloration with Congo Red depends upon carbohydrate How
ever there 15 such a selectivity of Congo Red for amyloid that 1t 15 probable that
there 1s a chermcal basis  Congo Red will stain amyloid vitally 1f mnjected intra
venously and in sections In the test tube a famntly alkaline solution of Congo
Red can be used to color fibrin so that tryptic digestion may be followed ¢ This
makes 1t possible that its combimation 1s not with protemn i fibrin and 1t may not
bemnamylod  While useful histologically Congo Red has no hstochemical value
smce n sections 1t will color fibnn fibninoid and necrotic hyaline as well as amy,
lord

Oxidation Methods —The most precise of the methods for the demonstration
of carbohy drates are those which are based upon ouidation Naturally the most
specific of these would be the reaction whose chemical basis 1s most limited and
best known It will be shown that periodic acid ouidation fits these conditions

The demonstration of carbohydrates by oxidation methods dates from the dis
covery by Bauer? that glycogen will re color Schufi s reagent after chromic aad
oudation The method was appreciated by Lison® and C M Bensley® as far
supertor to Bests Carmine for the demonstration of glycogen Wallraf and
Bechert!® showed that Bauer s method colored a number of non gly cogen car
boh drates mcludmg the ground substance of cartilage and mucm 1n sections
fixed by various methods or by changing the conditions of onidation slightly

Chromic acid has the defect that 1t 1s a broad spectrum ovidant attaching
materials other than carbohydrates  Similar cnticism can be made of potassium
permanganate (Casella®®) and hydrogen perouide (Lillie %) as oxidizing agents
This defect 1s not shared by periodic aaid

An aqueous solution of periodic acid (meta pertodic acid HIO, or H,IO) has a
spectacular specificity for 1 2 glycols ¢ The product of ovidation 15 aldehvde and

m histochemustry the aldehy de 15 colored with Schuff s reagent  The whole reac
tion may be representcd
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The earlier studues of tissue carbohydrates uthzed a wide varety of empirical
coloring methods  The first of these seemed to have been 10dine whose affimity
for starch made 1t a logrcal matenal to try in the coloration of animal starch or
glycogen °  Ihere 1s no record of the application to animal tissues of the copper
reduction method of Sachs used 1 botany # Schulte s Chlor Zme Todme® 1s not
useful m the study of human tissues despite 1ts value for plant carbohydrates
(unpublished studies) Ruthenium red, the dve used for pectin materials m
plants, was used by Heidenhain to study the ground substance of the hgamentum
nuchze I know of no other study of ammal carbohydrate with this dve It has
seemed not useful 1n some prelimmary studies of my own (unpublished)

Metachromatic staining 1s a property possessed by some carbohy drates, notably
mucin Some basic dyes (thionine, methy 1 violet, sparanm ete ) mmpart a color to
mucm, moist cell granules, ground substances of cartilage, etc  which 1s difierent
from that of the nuclear and cytoplasmic stain  Ehrlich® first observed thi
phenomena and introduced the term metachromasta The phenomenon essen
tially consists of two parts (1) the dye which stains, and (2) the matenal which s
stamed Too many of the considerations of the process of metachromatic staining
do not differentiate these features They will be considered here separately and n
order

(1) Metachromatic Dves —The best known of these are Thionmne, Crystal
Vielet and Methyl violet Tolurdme blue, Safranine Polvchrome Methylene Blue
and Jodme Green The latter two are definitely not metachromatic dyes since
they are dve mixtures and the different stammng effects are due to one or another
dye The other metachromatic dyes are those which have a different color mn
basic and acid solutions  Lhey represent several different compounds which have
these features 1n common

(2) Mectachromatic Vaterials —Under ordinary fixations the following matenals
are usually mctachromatic  the ground substance of cartilage and, where pre
served of connective tissue Wharton s Jelly of the umbihical cord, mast cell
granules and blood basophiles muam of mamy or most mucus producing epithehal
glands and cysts amylod filtrations fibrinowd necrosis occasionally fibrm and
collosd droplets  These mclude most of the hyaline matenals of tissues

Bignardi! has potated out that glycogen becomes metachromatic alter oxida
tion  Others describe all tissue constituents becomung metachromatic after
prolonged oxidation  Paneth cells possess metachromasia alter ovidation  The
negrt or tigroid bodies of nerve cells are sometimes metachromatic a» are bodies
1n fiver cells and the placental syncitum  The studtes of Lithe®® have shown a
wide diff e 1n the metach of gastrowntestinal mucins varving with the
dye the species of ammal and with the level of the intestinal tract T have found
that the mucin of mucinous intestinal tumors may be metachromatic with dyes
which do not calor the corresponding normal mucin metachromatically and yice
wersa  Follis® has lately shown metachromasia i human skn collagen after
enrzl?hx:iﬁgs‘(":al basts for metachromatic staiming 1 not certain It was thl\)ught

by Ehrlich® that metachromasia gave some hint about chemucal structure huhi

st helieved that the dies were tautomenc and were altered by the state o

bt L the tisue  Lison™ had suggested that metachromatic staining
the malcnz ::1 of sulfate esters of carbohydrate polvsacchandes  This now ap
;:f:r:‘m‘:’ze{\ since Wiame'™ has shown metachromasia m soluttons of hexameta
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phosphate and Wislocht'™” and Meyer™ have shown metachromasta m hyaluronic
acd and 1n ribonucleic aad It mav be stated faurly that the chemucal basis for
metachromatic staming 1s not certamn although metachromasia 1s a property
possessed by many carbohydrates particularly those of high molecular weight
and aad 1n reaction

Methods with Carmine —It 1s not clear that the carmune stains for carbo
hydrates ¢g Bests Carmne Stam for glycogen'! Mayer s Mucicarmme Stan
for muan®® are not based upon some poorly understood chemical aftmity At
present time these arc empirical methods which are not speaific oc trustworthy
Best s Carmune stamn for gly cogen frequently colors mucus and mast cell granules
Mayer s mucicarmine may color glycogen It can be shown (vide infra) that other
methods for demonstrating gly cogen show more matenal than Best s carmine
Under these arrcumstances—Best s Carmine 1s not specific for glycogen and does
not demonstrate all the gly cogen—the method should be allowed to disappear from
practice

The mucthematen stam of Maver® has been popular 1n the past It stams
mucin a clear blue and shows connective tissue mucin better than epithehal mucin
Some of the mucins —e g, stomach— are not shown at all It 1s interesting that
both mucicarmine and mucthematein stains contan aluminum chlonide  These
stams mght be of some value if their chemical bases were understood

CongoRed —While amyloid does contain some carbohy drate 1t 1s ondy possible
that 1ts selective coloration with Congo Red depends upon carbohydrate  How
ever there 1s such a selectivity of Congo Red for amyloid that 1t 1s probable that
there 1s a chemical basis  Congo Red will stain amy loid vitally of injected intra
venously, and in sections  In the test tube a fantly alkaline solution of Congo
Red can be used to color fibrin so that tryptic digestion may be followed ! This
makes 1t possible that 11s combination 15 not with protemn in fibrm and 1t may not
bemamyloid While useful hustologically Congo Red has no histochemical value
since 1n sections 1t will color fibrin fibrinoid and necrotic hyaline as well as amy
loid

Oxdation Methods —The most precise of the methods for the demonstration
of carbohydrates are those which are based upon oxidation Naturally the most
spearfic of these would be the reachon whose chermcal basis 15 most imited and
best known It will be shown that peniedic acid ovidation fits these conditions

The demonstration of carbohy drates by oxidation methods dates from the dis
covery by Bauer? that glycogen will re color Schifl’s reagent after chromic acid
oxidation  The method was appreciated by Iison® and C M Benslev® as far
supertor to Bests Carmune for the demonstration of glycogen Wallraf and
Bechert!® showed that Bauer s methed colored a number of non glycogen car
bohy drates including the ground substance of cartilage and mucin 1 sections
fixed by vanous methods or by changing the conditions of oidation shightly

Chromic acid has the defect that 1t 15 a broad spectrum owvidant attaching
matenals other than carbohydrates Simular eriticism can be made of potassium
permanganate (Casella®®) and hydrogen peroxide (Lillie ) as oudiaing agents
Thus defect 15 not shared by penodic acd

An aqueous solution of penodic acid (meta penodic aad HIO, or HIO,) has a
spectacular speciticity for 12 glycols ® The product of oxidation 1 aldehyde and

m histochemistry the aldehy de 1s colored with Schuff s reagent  The whole reac
tion may be represented
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R CHOH-—-CHOHM R + HIO ——2 RCHO
Schiff 5 reigent + R CHO~——Colored compound

Several features a e worth study in this reaction wcluding substituted forms of
gly cols susceptible of pertodic acid oxidation, other matertals osidizable by penodic
acid and the features of Schiff s reagent

The mono amino substituents and the alkylamine mono substituents of 12
glvcols are ontdized by perodic acid 4% Jhus occurs most readily at an athaline
pH but may occur at an acid pH over a prolonged period of time  The rate rather
than the specificity 1s changed by alteration i pH

Other matenals, including phenols may be ovidized by pertodic acrd  The
oudation of phenols by periodic acid 15 accompanied by yellow and red colora
tions according to Pennington and Ritter ¥ "This should be studied m sections
when an object 1s thought to b colored by a phenol oudization effect  Only
resorcanol and phiorglucinol out of 18 phenols tested did not give a vellow or
red color  No defimite end produets of periodic acid ovidatton of phenols werc
identificd by Penmington and Ritter  Although these authors did not spectfy the
abeence of aldehvde 1t mav be presumed

Schiff’s reagent 1s now neardy one hundred years m use as a reagent for alde
hydes® It 1s customary from time to time to have 1t ndicated that Schuff s
reagent a bisulfite compound with basic fuchem, can be recolored by non
aldehy de matertals ® I know of no instance 1n which satisfactory proof was given
that the matenial concerned was actually aldehvde frec with the exception of the
bromine whose presence 1s unbihely n tissves

There 1> a considerable amount of vartation in the preparation of Schifl s
reagent * It 1s most readilv prepared by bubbling S0, nto an aqueous solution
of basic fuchsm  Other methods mcluding the one 1n personal use produce the
SO, n the solution slon ks by the nter action of acid on bisutfite  The preparation
of the reagent takes longer overnight in place of a few hours but the final product
has certain advantages  Schnff s reagent 1s cssentially fuchsin bisulfite m a solu
tion of sulfurous acid  The cxcess of sulfurous acid 1s guarantecd by the slower
method of prepaning the Schuff < reagent

Rumoral of amy remaining, color from the Schuff s reagent 1s completed in some
techniques by filtening 1t through powdered charcoal I he final solutton 1s stran
colored perhaps with a faint pink shade  1he removal of calor by charcoal 1s
associated with the removal of some of the SO and this should be compensated
by the addition of more S(%;  Ths latter process is certamn to decrease the sen
sitivity of the Schuff s reagent but will assure the destruction of periodate which
mght concervable be attached to the section

1he ongnal publication describing the use of penodic acid gave directions for
the use of an aqueous solution of * per cent H10, % After two minutes ondation
the section was rmsed m distiled water and placed in Schiff s reagent The cus
tomary nn ings m <ullurous acid totlawed and the section was mmudately de
hvdrated cleared and mountud in balsam  The later method® described the
evdation lengthened to five minutes and sdded a rinsing, i running, tap water
aiter the sulfurous aad ninses  Thts returned a good hit more color to the section

See Arzoc s methed for demon tritmg lehy fe formuny, the S fff  rewent on the shde
(p T4}
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Lillie 1n 193/ * independently descnbed a penodic and method for tisues pro
ducing the acid by a mture of sodium periodate and 05 per cent Aqueous
concentrated \tric aad  The further steps were similar to the onginal descrip
tion, as were the results
Dunng the ‘ears 1n which the descriptions of Mc\Manus and Lillie using peniedic
acid ovidation as a method for carbohydrates appeared the independent dis
covery of Hotchkiss* dating from 1945 was proceeding along similar ines  Per
10dic acid was used as in the methods of Lithe and McManus but with the major
difference that a reducing rmse was interposed between the periodic acid oxidation
and the Schiff > reagent The reducing rinse was composed of an acidified thio
sulphate solution It was provided to remove the possibility that periodate or
10date might combine with calcium or potassium which rght be present in the
tissues
Hotchhtss article placed the periodic acid Schiff s method for carbohy drates on
asold chemical basis  While not reahzing that all v cogen was not water soluble
the study was probably the begining of the histochemucal mvestigation of the
pertodic acid methods  The histochemical studies of both McManus and Lilhe
were more along histological limes 11 which they were quite productive By the
introduction of the reducing nnse Hotchhass considerably altered the histological
picture produced 1 sections while improving 1t seemed the chemical vahdity of
the methods For example mucin and gly cogen color quite as brilhanth as ever
with the Hotchkiss method but basement membrane reticulm etc are barely
colored compared to the results of the method of exther McManus or Lille
The first explanation of this discrepancy arose m the demonstration that the
reducing rinse would decrease the coloring of nucles with Schuff s reagent 1f 1t were
interposed into the Feulgen method just after the HCL hydrolysis® This has
been repeatedly confirmed as has the decrease mn final color by the reducing ninse
after periodic acid oudation It seems at the present time that the bisulfite or
thiosulfate 15 binding some of the aldehyde groups produced by the periodic acid
oxidation (McManus and Pigman, unpublished) since the same effect can be
produced by aqueous thosulfate
The danger of periodate recoloring Schuff s reagent 15 not a real one under the
conditions used 1n histochemistry It can be shown (McManus and Hoch
Liget1™ ) that the periodic acid and Schuff s reagent can be mited 1n the test tube
without a permanent precipitate occurnng until the pertedic acid makes up more
than one fifth of the volume of the Schuff s reagent in the mixture  The precipate
when formed 1s yellow or straw colored rather than the purple of the aldehyde
bisulfite fuchsin  The precipitate between periodic acid and Schuff s reagent can
be re dissolved 1n an excess of Schiff s reagent  These observations suggest that
any penodic aad from periodic acid oxidation which may be attached to the sec
tion can be dissolved m Schiff s reagent without a reducing agent being necessary
The difficults of periodate and Schiff s reagent combining with calcium to form
a colored compound could be serious i histochemistry  Any combmation of
calaum chlonide periodic acid and Schiff » reagent which we have tned has no
color 11 atre provided the proportions of reagents are 1 1 5 as in the other i 1fro
tests and that the Schiff s reagent 1s fresh
As far as we can make out chemically theoretically 1 2fro and on sections
provided that relatively fresh Schiff s reagent 1s used a reducing rinse 15 not
necessary after periodic acid ouidation and before Schiff s reagent The method
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(the PAS method) appears specific for 12 glycols and thesr amine substituents

Mowry and Longley* have developed an elegant moditcation of the PAS
method which mahes s of alcoholic solutions throughout  They point out that
anumber of watcr soluble carbohy drate matenals can be preserved and demon
strated by this method  McManus and Graham have used this method for the
PAS positive matenials of the humwn aortic medta  In all ages, the PAS positive
material presumably carbohydrate, 1 present m considerable quantities  Ghy
cogen 15, howeser, le.s well shown by the alcohalic PAS methad than by the ague
ous PAS perhaps due to insolubthty of reactive groups in the alcohol

A further complication 1s presented in the recent description by Wollman!® of
unsaturated fatty acds which give a positive coloration with Schiff s reagent
alter penodic acid ovidation  The first stage in the oudation of a double bond
appears to be the formation of di hy drovs ] compounds replacing the dosble bond
and thus 12 glycol 1s sphit to form aldehydes  The reaction might be set out i
the following diagram

H H
a0

[ !
R~C=C~R + HIOs ~ R—C~—C~R
H H H H

Ihus eventualits or possible error can be overcome by the use of osrmum tetroade
which settles out at sitcs of double honds or by the acetylation method (pp 155)
Combinations of the PAS method with other histological and histochemucal
methods are possible A Teulgen Iest may be done prior to the PAS allovwing a
nuclear stain which 1s about the same color as the PAS  Fat may be colored mith
Sudan IV or Sudan black 1n frozen sections after the PAS method  Hematoxy hn
as a counterstain 1s possible and Lallic recommends Light Green as a counterstan
Iron may be stained after the PAS method  The elastic tissuc stamnmg by Orcemn
15 possible as 1s connective tissue stainmng by Mailory s Anhine Blue Orange G
Before describing histochemical mcthods combining the PAS with the other
techniques 1t 1s necessary to de crthe another reaction for carbohy drates
Hale' in 1946 described the affimty of acid mucopoly saccharides of tissue for
daly zed ferme iwon  Adfter the tissue was soaked in a buffered solution of dialy zed
1ron 1t was well rinscd and the ferric iron was demonstrated by the famhar Prus
stan Blue Mcthed  The result was a blue staimng of many of the tissue structures
whieh eolor with the PAS methad 2 ¢ muan of some epithelia and of most con
nective tissues retiulin etc  The positive results vary from species to species
but they are pretty consistent from shde to shde  The chemical basis for the
Hale stain does not stem to be as certam as the penodic acid methods It seems
probable that any acud group 1s shown whether carbohydrate or not  Combuned
with the penedic actd method the Hale stain scems to have considerable utiity
Ratter and Oleson® have recently made such a combination  Sections fixed n
alcohol farmahn arc colored by the Hale method and then a PAS 15 done on them
1 he reaction of certain structures which ordinanly color by the PAS mLIhofl »
blocked while others combine the PAS and Hale coloring or color with the PAS
alonc  In personal studics it has been found best to color a corresponding section
he TS method whenever the Rutter and Oleson stain (PAS Hale) 1s donc
);;,l,}: [t,(:dudg , the falee nterpretation of such structures as nucler which may color



PLATI 11

I Normul glomerulus of a humn kidnex colored with the Ritter wud Oleson ( 20)
muthal  The glomerehir mtereydliy  pice 1 colored red  The tlomerulir
Ly ement membrane over the capillnie 1 colored blue  hod ichrome X 750

“‘Em l‘lsum_:;;:eretl’ml g\o;nelrulu s { from a cuse of wntercapill 1y glomerulo
abnormn] glomerufr matert 11 col d
S spice T Eomerul o colored red nd ¢ centuate the inter
Fro s UcMarus L pron and Gr ha 1 ¢ tess of 11 ¢ micl Peco 1)
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with the Hale method Actually amy heation 1s poseible, Zenker formol bemg
quite good  McManus Lupton and Graham have described and illustrated the
supenor colorng, of the human renal glomerulus by the Ritter & Oleson method
(Plate IN)™
Monne and Slautterback?® have found that pheny lhy drazine will color some but
not all of the re actrve groups left after penodic acd omidation which ordinanily
attach to Schifl s reagent Varymg the penod of time i the phenyvihy drazine
changes the effect VMany of the structures color with Scluff s reagent 1f the time
in pheny lhydrazine 1s short while a longer time 1n phenylhy drazine decreases the
coloring with Schiff s Thus sort of studv has been taken by the authors men
tioned to indicate different carbohydrates in the tissues a conclusion not com
pletely justified by the data presented The older reaction of Cretin * for gly cogen
which employed pheny Ihy drazine as a mordant on blocks of tissue or on sections
15 recalled  Glycogen was then colored with Schuff s reagent according to Cretin
Here then m Monne and Slauterback’s method we have pheny lhydrazine which
will form colored compounds with some aldehy des and which will 1tself ouidize
glycogen to aldehydes ntroduced between penodic acid oudation and the
Schifl s reagent  This 15 certainly a complicated procedure whose chemical bass
deserves considerable study
The proof of carbohy drate dentaty should not be allowed to rest solely upon a
single reaction even one as specific as the PAS  When adjuvant methods are
possible the further defimtion of a tissue structure as carbohydrate should be
attempted These must be chemical and include reactions on the shde as well as
enzyme action
The most precise of these 15 the acetvlation techmque 7 This depends upon
the fact that a mixture of acetic anhvdride and pyndine will acetylate a tissue
section  Acetyl groups are attached to hydroxyl and amimne groups as well as to
carboxyl groups  Bref sapomfication 1n weak alkah will remove the acety1 groups
from hydroxy ! radicles but leaves unchanged the acetylated amines  The applica
tion of acety lation to the study of tissue carbohy drate requires three parts (1) the
PAS reaction on 2 tissue (2) acetylation of the tissue followed by the PAS reac
tion and (3) acetylation of the tissue saponification and the PAS reaction A
matenal which 1s positive 1 1 and 3 and negative 1n 215 probably carbohs drate
For example the unsaturated lipoids are positive 1n all three the PAS reactton
not being blocked by acetylation
The acetylation saponification method has shown certain features upon further
study which deserve mention Various batches of acetic anhy dnde differ 1n their
ability to acetylate This fact has been recognized 2 long time in carbohy drate
chemistry and appears to depend upon the amount of unaltered acetic anhy dnde
remamng in the solution  Re distillation and punfication mav be required to
obtain ophitum acetvlation  With impure acetic anhydnde the time which the
section 1s left i acetic anhydnde pyndine may need to be lengihened up to two or
three hours Contranwise leaving the sections m the saponifying solution for
forty five minutes results m an mewitable loss of some sections from the shde
Actually , ten mmutes 1n 0 1M hOH will saponify the acetylated hydroxyl groups
and save many sections
The preceding essentially consisted of a specthc method to block the PAS
reaction It 15 possible to 1dentify the material produced by penodic acid oxida
tion as aldehyde by the use of aldehyde reagents such as hydroxylamine The
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water but can make emulsions with it The fats or hipids are usually cparated
mto simple lipids—the alcohol esters of fatty acids— and complex hpids or ipins

Simple lipids include the tnglyvcenides and the waxes  The trigh cendes are
fatty anid esters of the carbohvdrate gheerol  Wanes are esters of faity aads
with non glycerol alcohols  The fatts acids are of the steanc group—saturated
oleic group one double bond linoleic group two double bonds linalemc group
three double bonds etc  In the tnglvcerides the fatty acids are of the same or
different types Glycerol or glycenn 1s a tnhvdroxy alcohol  The non gl cerol
alcohols found in the waxes are monohydroxy1 or dihydrovy 1

The complex lipids or hipins have been lately re classified by Thaunhauser and
Schmudt 10 It 1s probable that the lipins are the more important fats in the human
while 1n the lower animals and especially the invertebrates the tngls cendes and
wazes are more important  Hilditch* has shown that chmbing the evolutionar
scalt has been associated with a shorteming of the fatty 2cid chain and an ncrease
msaturation  Even within the one species of fish the change from martme to fresh
water habitat 1s associated with this type of change Likely the hipin to tnghc
ende ratio {(complex iprd simple lipid ratio) increases as the evolutionary scale 1s
climbed

The classification of Thaunhauser 1s as follons

(1) Vonoammophosphatides  Fatty acd esters of a phosphon lated polyvalent
alcohol combined with a mitrogen contaiming group Their ratto P N s 11
(Some monaminopho phatides contan other organic groups in addition to those
alrcady mentioned )

A Leathins Phosphoric acid diesters of digly cerides and choline
Lysoleaithins  Phosphonic acid diesters of saturated monogh cendes and
choline

B Cephalins  All known cephalins contain their total nitrogen n form of a
primary amno group {ethanolamine or serine)

a) Phosphatidy] ethanolamines
Phosphoric acid diesters of digly cendes and ethanolamine

b) Phosphatidy] scrines
Hudrolysis products  Fatty aads phosphonc acid polyralent alco
hols senne

(2) Pi 1 (Acetalphosphatides)  Phosphoric acid diesters of a higher
fatty aldehyde acetal of glycerol and of ethanolamine

(3) Inositol phosphatides obtamed from brain soybeans and bactena  The
ring carbohydrate 1nositol 1n a complicated structure not completely known

(1) Phosphandic acids cardiolipins  Hydrolysis products  Fattv  acds
polyvalent alcohols phosphoric acids (bound as a monoester)

(5} Phosphatides of actd fast bactersa Hydrolvsis products — Phosphone acid
polvhydroxy compounds (such as carbohydrates mosital) fatty acds with
straight and branched chawns

(6) Dramunophosphatides (Sphinagomyelins)  Aad amdes of sphngosine with
fatty acids (ceramides) n ester hnhage with pho phorylcholine

(7) Cerebrostdes  Acid amndes of fatty acds with sphingosine or dihydro
sphingosine i plucosidic hinkage with galactose or glucose

(8) Canglosides  Structure unk nown hvdroh sis products ~phingosine neu
ramime aad fatty acids and galactose or glucose
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reaction 1s carned out as follows  Duplicate sections are oxudized with pertodic
actd  Ont of these 15 placed m distilled water, the other in hydroxy lamime solu
tion  After an appropriate mnterval both are ninsed m distilled water and placed
m Schiff s reagent for fifteen munutes  The coloring present 1n the section which
was left m distiled water and not prescnt mn the section left n hy droxy lanune
1s clearly due to aldehyde formed by periodic acid ostdation, 7 e from 1,2 ghycols
probably carboldrate
The hydroxy Jammne blockage of the Schifs reagent may prove to be a uscful
mcthod m the study of tissue carbohydrate I have had no esperience with 1t
Ttishiely that a combnation of acety Jation saponification and aldehy de blochage
will give a pretty defimite specthicity tor the PAS method 1n the study of tissuc
carbohy drates
The action of enzymes on tissues 1s one of the older methods for 1dentify ing
tissue carbohydrates It has been shown, for example that sahva will remove
gheogen from tissue sections * This actton 1s thought due to salivars amylase
Liibe and Greco®® introduced malt diastase as more aesthetic than salpa for gly
cogen digestion but shorthy thereafter reported the removal of pai SR baso
philta presumably due to nbonucletc acd by malt diastase solution @ It 15
mteresting that this cytoplasmic basophilic matenal not infrequently gries a
posttive PAS reaction questroming our structural concepts of nbonucleic acid
This has recened recent emphasts from test tube studies on nbonucleic acid by
Allen
The introduction of the pectn group of enzymes promised to expand very con
siderably the utthity of the enzyme on tissue studtes ™ The action of pectin
methy ] esterase and pectinase are thoroughly studied and well known because of
their use m the otrus frurt industry It has been found that the enzymatic
actvity of both pectinesterase and pectinase depend upon hyvdrovv! groups by the
acetilation sapomfication techniques as does malt drastase ¥ Pectinesterase
increases the PAS coloration of tissue carbohydrates after anv fixatton while
ptctinasc removes 1t after acetone fivation Al these data appeared to fit into
the scheme of our hnowledge of tissue carbohy drates
Unfortunately 1t has not vet been possible to free the pectin group of enzyvmes
from proteolvtic actnvity  The commercial source of these enzymes 1s the pent
allium group of fungt cspecially pemcillium Oryzae  1he enzymes are sccreted
apparently as a means of digesting potential food matenals of plant ongin and
the organism mthes no sclection between proteoly tic and saccharoly tic enzymes
nor can the laboratorsy to date  This complexity of enzyme actraty very defi
mtely houts the possibility of the use of the pectin group of enzvmes m histo
chemistry
Actually the same criticism may be raised agamst the use of saliva or malt
diastasc and the amslase (a and b) of malt B glucuronilase has no cflect on
tisswe  The hyaluromdases remove metachromasta from various tissue structures
but do not remove therr PAS positive matertal # Hy aluronidase has further been
shown to act on chondroitin sulfuric acid as well as hvaluronic acid so that is
speetticits within the carbohvdrates 1s in question 778

Fats

d as a group of tissue constituents which are soluble n
T ats are loosely define

up  lhey are msoluble mn
organic salvents of the benzene cther chloroform group N
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which are resistant to decolonzation by Viegerts differentiating solution
Other matenals are colored by this method as wcll as the phospho lipids and
Baker has introduced a solubility or extraction step which removes ipids from
sections The test essentially consists of a performance of the test on one prece
of tissue with hematoxy lin and the performance of the test on another prece which
has been through the lipid solvent The matenal which colors in the first section
and which does not color 1n the second 15 1n all probability phospho lipids  Baker
points out that all of the phospho hptds present in the tissue may not be stamed
by s method but 1t 15 made quite clear that matenals which do stamn with his
method are 1n all probability phospho lipds

1 know of no study of human tissues with Baker s method  This badly needs
to be done since the method has proven its value 1n animals  In ammals 1t shows
mutochondna and the golgt element

The acetal phosphatides are of special mterest 1n pathology because of their
presence m the adrenal cortex  The cortical hormones appear related in some at
present 1ll-defined fashion with the acetal phosphatides  Much further study 1s
needed This should be one of the more profitable fields for the pathologist

The acetal phosphatides are demonstrated mn frozen sections by the action of
mercuric chloride  The mild action of mercunic chlonde which 1s supposed to be
oxidizing or hydrolysing agent lhiberates aldehy des which are colored with Schiff s
reagent It 1simportant that brief fination 1s used the acetal phosphatides being
studied preferably within twenty four or forty eight hours The methods for the
demonstration of this group of substance have been reviewed by Cain® and by
Leblond *

Essentially the acetal phosphatides which are shown by the Schuff s reagent
after mercunc chlonde compose the plasmal and plasmalogen matenals of Feul
gen® Under these latter two terms 2 considerable hterature has accumulated
At the present time 1t seems preferable to group these matenals under the heading
of acetal phosphatides

Tetosteroids will give 3 positive reaction with the Schiff steagent  One of the
future tasks of hpoid histochemustry 1s to find some satisfactory way of separating
these matenals The recent literature has been well summanzed by Pearse *
Some later studies appear in the proceedings of the second annual meeting of the
Histochemical Society  Thus field of acetal phosphatides and mdeed the whole
human adrenal cortex 15 a prime example of a research which could be entered
mto by a pathologist with great hopes of success

Cam m Ius review differentiates between the sold and hqud Lipoids  Solid
lipouds are found m low ammals particularly the invertebrates but I do not know
of any hipoids which are solid at room temperature or at body temperature 1n the
human It may be that some of the products of fat necrosis of the diabetic or the
non thabetic vaneties would fall into this group In this case 1t mught be ad
vantageous to raise the temperature of the staining solution to 38° C or higher

Cholesterol 15 practically 1mpossible to define as such 1n tissues It has the
property of bi refnigence as previousls described  The sites from which cholesterol
can be extracted are frequently colored by the Schultz modification® of the Lie
bermann Burckhard reaction It 1s important n mterpretin,, results that a
positive result for sterols 15 given when the color appears as red and changes
through blue to green  Any one of these colors not changing 1s not a positive
test as T1son and Cain pont out  Bennet s phenylby drazine reaction® has been
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The fatty acids in hpms have been studied The ether soluble hpins contamn
even chains of 16 to 22 carbon atoms Twenty four carbon atoms are found only
in cerebrosides and sphingomy el

The fattv acids in hiver are much ke those m the monoamnophosphatides
The storage fats are unlthe monoaminophosphatides 1n that 20 and 22¢ unsatu
rated acds are absent

The complex Iipins are scen to be combinations of phosphoric acid and fatty
acds with carbohvdrates or at least polyvalent alcohols These dissimlar
radicles i the molecules suggest 2 multiple activity for the complex hpms It 1s
posstble that portions of the molecule may alter therr energy content—the
phosphoric acid element especially —while the main molceular mass s still m &
conduition to perform a supporttve or relatively subsidiary functron  This may
be the basis for the occurrence of the complex lipmns i active portions of cells—
cellular particles the mithochondria and golgt element~—and in special tissues
such as nervous tissue

The classical method for the stainmg of fats i tissue makes use of an aleohot or
an alechol acetone solution of ane of the Sudan dyes Herchermer® recommends
an acetone alcohol mixture for the solution of Sudan dve Sudan IV or Scarlet
Red 1s the most commonly used of the Sudan dyes

Sudan Black was introduced by Lison® m 1936  With sections which compare
the staimng with Sudan IV and Sudan Black there are a number of structureswhich
color with the Black dve which do not color with the Red one  Generally the
mtensity of statmng appears increased  This Jatter apparent mtensification of
staiming may be duc to nothing more than the black color compared with the red
one Myeln sheaths of the nervous system and various mtracellular orgamzid
structures are colored with the Sudan Black although they remaimn uncolored with
the red or ccarlet Sudan dves It can be shown in the test tube and 1t 15 Inghly
probable m the secttons that Sudan Black 1s coloring some of the complex ipids

Sudan Black has the advantage for pathology that non liptd matenals such as
mincral ol are not colored by 1t Mineral il granulomas of the lung will color with
Sudan IV but not with Sudan Black ®  Thus 1s a useful differentiation in the
study of ¢ kpoid pneumomas and granulomas

The amount of complex ipids colored n frozen sections depends upon fixation
A cobalt ealcrum formahn mnvture? and a cadmium calcium formahn mixturet
have defimte advantages over the ordinary formot salme However, the ordinary
formalin saline can be used if too long fixation 1s not pernitted that 1 formol
saline fixation 1s all nght for a couple of days Wer’® has shown long ago that
phosphate groups are released from the complex hipids when the tissue has been
allowed to fix 1 formol saline for a long time

Tallie® has suggested the use of the dve Oil Red O as a fat stam  He believes

that 1t 15 equal in all respects to Sudan Black It 15 suggested also that Oit Red O
1s entirels restricted mn its stamng to fats as such  Earlier it was mentioned that
there 15 a possibihty that Sudan Black 15 .taming some matenals which are not
‘atlsiaker‘ has modified the Smith Dietrich method for phospho hipsds® and added
considerably to 1ts spectficity This has been proven repeatedhy n sections aq)d
be comparcd with stmilar results in the test tube or on fats or other matertals
e h depossted on a agarette paper  In bref the method of Baker makes
v:;;xcofartch ¢ Zb\ht) of phospho ipids to form compounds with hematoxvhn
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eral reactions as are included in most of the biological staning procedures  The
second reaction 15 more speaific It depends upon recogmtion of one or more of
the amino acids which compose the protein  Under the same heading would be
1n groups the reactions for the nucleo protems which depend upon the demon
stratton of a portion of the non protein portion of the nucleo protemr  An example
of this 1s Teulgen’s reaction which demonstrates desoxyribose nucleo protein by
irtue of sphitting the protem from the nbose
General reactions for proteins are unsatisfactory  Thas has certanly been true
until fairly recently The staiming of tissue seen m the ordinary tissue section
Dby almost any dye does appear to be due to amne carboxyl and hy droxy1 groups
of protens  Eosm 1n agueous or alcoholic solution will color a number of tissue
canstituents which on further analysis can be shown to include the majonty of
tissue protemns It 1s doubtful whether this dye or any other one of the dyes or
dying mixtures used 1 classical histology or cytology 1s stamning protein alone
Dempsey Singer and Wislockt 7 have shown that ondation of a tissue section
containing various matenals increases the basophihia of the tissue  This oundation
15 best performed by 1 per cent aqueous solution of penodic acid for one hour at
37°C It1s thought that the periodic acid brings about the formation of strongly
aaid basophihc groups The acid groups themselves have not been precisely
1dentified but they do appear to be formed most readily in reagents of high sulphur
content The suggestion of Dempsey and his coworkers 1s that sulfide and sulfhy
dryl may be oxidized to the sulfome acids and hence present an increased baso
phila  This matter needs considerably more study
A relatively recent development for proteins which I have not had the oppor
tumty to apply personally i1s Danielli s use of diazomum compounds to demon
strate protemn * The diazonium compounds form colored products with histidine
tryptophane and tyrosine as well as punnes and pynimidines  The color 1s n
tensified by allowing 1t to form an azo Jmhage with some phenol  The phenol used
by Danielli 1s b naphthel Danelh has compared the results in tissue sections
with test tube expeniments  Pearse who has used this method beheves that it 1s
promusing and has 1llustrated some very fine appearances with 1ts use
The second type of test for proteins makes use of the demonstration of the
amno acids constituents of them ® These mnclude (1) the ninhydnn reaction
which takes place with all the amino acids (except prohine and hydroxyproline)
with peptides proteins and also a large group of other compounds The reaction
has the difficulty that the color must be developed by boihng and that the color
1s duffusable
(2) The alloxan reaction 1s not sensitive enough  An alcoholic 1 per cent solu
tion of alloxan gives a pink coloration with amno acids for protem compounds
Agam the color diffuses
(3) The tests for sulfhydry] groups may not be specific smece SH and $ S
groups give the reaction
(4) The Bruret reaction 15 given by peptides when there are at least three ammo
acds present  The strongly alkaline solution damages the tissue
(5) The xanthoproteic reaction 15 based upon the yellow coloration which 1s
given with proteins by concentrated mitnic aaid  The color of the tissue may be
changed to orange by exposing the section to dilute ammoma solution or amone
vapors after the action of the aad  Thus reaction 1s due to the presence of tyra

sine phenylalamine or tryptophane and 15 also given by all phenolic compounds
11
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used for the demonstration of stcrols particularly the Letosteraids  As Claessan
and Hilart * have shown and as Cam has emphasized many of the matersals which
color with the acetal phosphatide test will color with the phenythydrazine reagent
of Bennet  Actually phenylhavdrazie 1s a non specific reagent for aldehs des
The possession of the aldehyde group after mild hydrotvsis or ovidation with
mercuric chlonde and as sn the free state has been previoush mentioned  Some
over lapping brologreally as well as ustochermically appears certain m this type of
reaction

Protems

The pratetns are made up repeating structural units  These appear to be pep
trde chams formed by cross linkages between amno acids  Proteins from the one
source have a regular repetttion of the same ammo acid  Each amino actd can be
considered to be an organtc acid m which one or more residual hydrogen atoms
have been seplaced by amino groups  Actually, only forty amino acds have heen
found in nature although the number of amino substituents of orgamic acids 1»
almost inhnite  Some twenty five of the naturally occurring amino acids have
been found w protens  The specific proteins of each tissue in each species the
numerous viruses and the numberless immune proteins are constructed by the
arrangement of these ammno aads

Protuns and their breakdown products form colloidal solutions in water  The
amine acids are water soluble cxcept for leucine tyrosme and cystine  Hydroxvl
ystne may not be water sofuble at all times  The cofioidal nature of protein and
poly peptide solutions ndrcates that these are Jarge molecules

Swmple protems vicld only ammno aads on hydrolysts  Albumin  globulin
histones and protamtues are examples of this class  Histones and protamines
are refatively simple protets bemng found alanc only 1 lover anumals  In many
they are combined with nuclere acids i the nucleoprotems (p 162)  Albumins
and globulins are structurally rdated protems which differ in their mnterval struc
ture and propertis  Albumm 1s water soluble while globulin 1s not The
molecular weight of the albumins and globulins of blood serum have been much
studied

Compound or conjugated protens are umts made up of protems jumed to a
tton protetnt or prosthictic group  Phosphoproteins are compounds of protems
and pho phori acids  Casetn 1n milh 15 the chief phosphoprotemn m the human
The nucleoprotuns (p 162) are compounds of histone or protammne with nuclete
acid  Mucoprotemns and mucopohy sacchanides {p 147) are compounds of protein
and carbohvdrates Chromoprotamns are compounds of protem and a pigment
Examples tclude hemoglobin cv tochrome and the flavoprotens

Densed protewns are praduced by cleavage and denaturation of proteins  In
cleavage the protun molecule 15 dismembered  the fragments decreasing, in s1z
10 the following order  metaproteins proteoses pptones and peptides  Break
down of the peptides viclds the constituent ammo acds  Denaturation 1s a
re arrangement of the protein molecule which alters ats solubhty  The usuaé
Tistological fisation wmeludes denaturation of the «ell protan  Denaturation of

albumn and globulin can be brought about by heat coagulation m acid medn‘xr;

The histochermical techniques for protuns fall in gencral into two phfaups . ;
first 15 the demon tration of somic [mrclu ula; stawung rl‘rm::’r;g ll:ir::l‘::(],c”’sll]‘c}:‘gifw
protuns appear to have Thest arc rdativedy nonspecific
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nuclease according to Brachet 14 It 1s thought that basophiha which can be re
moved by nbonuclease 1s due to nbonucleic acid  As Damedh=* has pointed out
there are three suppositions m this idea (1) that completels pure enzvmes can
be obtamed (2) that the enzyme can attain access to substrate and (3) that the
matenal which 15 removed by the enzyme 1s no mote than the substrate  For the
first part the pure enzymes as previously mentioned are difficult to obtain  The
second problem of the access of the enzyme to the substrate 1s fails obvious  If
there 15 a substrate covered by a non susceptible matersal even in a mono laver
the substrate will not be attacked by the enzyme The third part scems to me
particularly 1mportant  If a matenal 1s present 1n small quantities but vet of 2
crucial situation 1n holding together a cell structure the whole matenal or whole
cell structure might be removed by the enzvme although the substrate it<elf
plavs a relatnvely small part i the structure

Brachet! has used the methy1 green and pyronmn of the Unna Pappenheim stam
to differentiate between pentose and desoupentose nucluc aad  The metini
green 15 supposid to stam with the desoxy form while the pyromn stans with the
pentose form  The matter has been thoroughly studied lately by Rurnick % He
presents considerable evidence that under controlled conditians such may actually
be the case  The recent literature 1s reviened by Lumb in the article to which
reference has already been made

‘The 1dentification of the nucleic acids by ultraviolet techniques or absorption
techmques has alreads been mentioned as being outside the scope of the ordinary
laboratory of pathology However 1t should be mentioned at this time that much
valuabie information 1s being gained by this method n the rescarch lahoratory
Caspersson introduced the method and has lately summanzed his views m a most.
mteresting monograph  Cell Growth and Cell Function % Some of the results
which are appheable to pathology are included 1n this monograph It should be
reguired reading for pathol who ar¢ ted 1n the applicabion of histo
chemistry to the problems of their special science At the same time the difficulty
of applyins these methods to the routine patholagical Jaboratory will appear

Besides these istochemical methods which use sections for study there are a
number of micro chermcal methods which have been apphed to cellular chemistry
These mclude (1) differential centnfugation of tissue homogenates and chemical
study of the nucler mitochandna etc which separate off as lavers and {2) histo
Iogacal and chemcal study of alternate frozen sections of tissue  These are de
scnibed fully 1 Ghick s monograph on Histocherustry  They are not suitable for
taboratones of rontine pathology although valuable for research

ADDENDUM

R D Lille (Stan Technol 26 123 136 1951) has ponted out that the ace
tylation procedure (p 155) may tale considerably longer that the forty five
minutes proposed by Mc\Manus and Cason  This discrepancy I cannot explamn

REFERENCE S—PART I

V A1wrRr S and LEstonp C P The Distnbution of the Feulgen ind 74 D tropheng!
hyvdmzime Reactions n Normal Castrated Adrenalecton el and Hormonally Treated
Rat  Fndocrinology 39 386 1946
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(6) The tyrosine reaction of Millon 1s gnen also by tryptophane The color
produced by tryptophane 1s marked by 1t lasting only a few minutes while that
by tyrosme 1s more permancnt

(7) The try ptophane reaction of Voisenet Turth 1s fauly specific It appears
sensitive enough to be of some value

(8) The arginme reactton of Sakaguchi * This 1s the method which has found
more use 1 my own hands and appears most promising for future development
The ammo acid arginine 1 widely distributed 1n nature  Tissues which contain
large quantities of 1t include Leratinized matertals thyroid collod and collagen
The test tube methods of Sakaguchi has been applied by Baker ® Serra,® and by
Thomas ' This oniginal method of Sakaguchi devcloped a color with b naphthol
The more recent publication of Sakaguchi® describes the substitution of 8 hy
droxy quinoline or oxine 1n place of the b naphthol This procedure 15 quite easy
and gives repeatable and serm permanent results Warren and “Mc\lanust®
applied Sakaguch s oxine method to histochemistry  Thomas 1n a personal com
munication has suggested that the method may be modified to increase 1ts sen
sitrvity - His pubhication 1s awaited

The demonstration of nucleo protein by the Feulgen method 1s one of the classi
cal procedures of listochermstry # It wasintroduced by Feulgen and Rosenbech
1n 1924 It appears specific for desoxynbose or desoxy pentose nucleic actds  The
hydrols zed sugar combines with Schiff s reagent to produce a purple red or ma
genta colored compound The mechanics of the method are beginning to be
understood

The mtial effect of the hydrolysis of desoxypentose nucleic acid by normal
hydrochloric acid at 60° C appears to be a liberation of punines  The Iinkage 1s
spht between the purine and desoxyvribose or desoxypentose sugar The sugar
changes from the furanose to the aldehvde configuration 7The free aldehvde
groups are combmed with the Schiff s reagent to form the colorcd compound
The optimum time of hydrolysis with normal hy drochloric actd must be worked
out for cach tissue and for each section The <pecies difference 1s considerable
Generally from eight to twenty muinutes hy droly sis 1n normal hydrochloricacid and
at 60° C 1s suffictent

Stedman and Stedman®® have criticized the vahdity of the Feulgen technique
for desoxypentose nucletc acid  They have suggested that the nucleic acd s
located outside the chromatin and that the water soluble dve tormed as the result
of the Feulgen reaction 15 physically attached to a specthc protein i the chromo
sone There 1s very good histochemical evidences such 1s not the case

Some of the materials i sections may ghve a color with the Schiff s reagent
without previous hvdrohsts  Weak hvdrohysts with mercurc chlonde as men
tioned previouslv mav abo release matenals which combme with the Schiff s

reagent to produce a color For these reasons control sections should be carried
through Lumb®* has rev tewed the evidence for and against the specificity of the
Feulgen reaction and 1t 1s highly probable in her eves as 1t 15 1n the opinton of most
muestigatars that the Feulgen reaction is specific with desoxy pentose nucleic acid
She does point out however that the precise localization of the nucleic acids
should be accepted mthlsume reseryations and if possible cheched by comparison
hemical tests
‘“S;.‘h:t::;s;:?:fmo" of nibose or pentose nudlerc aaid has depended in farge part
upon the hasophilia of this matenal  The basophilia can be removed by nibo
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PART II—-ENZY MATIC HISTOCHEMISTRY
Cellular Metabolism

(1) General Considerations —The cell 1s described chemcally as composed
of orgamzed aggregations of fat proten and carbohvdrate The dissmulanty of
component parts 1s present at a microscopic level —the mitachondria for example
—and at a molecular level—the nucleoprotemn  Structural complication 1s
matched by metabolic complexits  The cellular chemicals are n a dvnamc state
constantly renewing and replacing parts in a remarhably efficient manner  The
integral action of dissimilar parts and the eficiency of cellular processes depend
alike on enzyme process

It 15 a sort of balance which 1s being sought n cellular activits  The opposing
force of synthests and analvsis are continually at work yet the attamment of
equibbrium 1s never quite complete  The energy necessary for hfe 1s furmshed by
this nicely balanced struggle between breahdown—catabolism—and build up—
anabolism  Lafe atself may consiet m no more than the persistence of reversible
reactions The end product turns the direction of the process to the formation of
the parts  These 1n turn combine in the end product and so on

Protein and nucleoprotein especially appear to plav the major role n cellular
metabolism  True or not as time will tell, 1t has been and 1s the fashion to con
sider the functioning of cvtoplasm as a matter of synthesiy and analysis of pro
ten Nucleoprotein makes up nucleus and nucleolus as well as forming the central
structure of the mitochondna and chromidia or microsomes  From a philogenetic
pont of view the simplest forms of hfe—the viruses—contamn nucleoprotein
Aany viruses appear to be enttrely made up of 1t

It 15 tmpossible for the carbohydrates and lipids of the cell to have passive and
storage roles only It can be shown that these materials tahe part in metabolic
changes and 1n disease processes However considering the cell teleologically , 1t
15 the nucleoproteins which are the most characteristic as well as essential parts
Most of the cellular activities can be oriented to the renewal and breakdown of
the nucleoproteins to their alteration m folding and unfoldimg or to therr increase
1n size and number etc

(2) Enzymes and Enzyme Activities —Enzy mes 1n general are thermolabile
organic proten compounds elaborated by ltving beings  Thes are capable of
mitiating andfor accelerating 2 chemmcal reaction without themselves bemng
destroyed Their influence on the reaction 1s that of catalysis  Most stmply
stated enzymes are organic catalysts

Enzymes occur m all hving cells  Special cells with ligh concentrations of cer
tain enzvmes are found i those organs with digestive function Actually an
enzyme must exist for every organic compound found in the cell  Genetic con
stitution appeats to control the presence of enzymes in the mold neurospora

A hugh molecular weight 15 charactenstic of enzymes Al are of collodal na

ture They have 1soelectric points and behave amphoterically both features de
pending on their protemn nature  Enzy me reactions follow chemcal laws and can
be varied by teraperature concentration etc  The material acted upon 15 called
the substrate  There 1s a marked specificity of enzyme for substrate this spect
haty being especially marked 1n the intracellular synthetic enzymes Other
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The constant, struggle for equilibrium produced by anabolism and catabolism
make the condition of the cell under resting condstions ¢ Dynamic Equilibnum *

The Phosphatases

These enzymes will be first discussed because of their very considerable ease of
demonstration, their importance 1n the metabolic ¢y cle and the very many studies
which have been devoted to them It 1s proposed to describe the general ptinat
ples of demonstrating these enzymes to attempt to assay their role n cellular
m¢tabohsm and finally to give some of the results ot their study in tisoues

In genera! the phosphatases are demonstrated by icubating a section of tissue
in which the enzyme 1s preserved i a solution contaming the substrate an ap
propnate buffer system and a matenal which will precipitate the phosphate spht
off by the phosphatase Activator matenals may be included In the classical
method of Gomon for demonstrating aikahne phosphatase, the gly cerophosphate
15 buffeted with sodam barbital and magnesiuim 3 present as an actnator, while
calaum chlonde 1s present to preapitate the phosphbate split off as the insoluble
calaum phosphate  The subsequent demonstration of the calcum phosphate
deposited as such at the sites of phosphatase activity may take scveral forms
Gomort onginally used the dye Acridine Red to color cobalt which had replaced
the calaum deposit  This procedure included a histological differential washing
which decreased the histochemical vahdity of the method The same worker
later mtroduced the demonstration of the sites of enzyme activity as the black
cobait sulfide by an ammomum sulfide wash  This procedure 15 open to question
since Doyle and Holter ef a! have shown that not all the cobalt 1s changed to the
msoluble black sulfide some being ondized to the sulfate  habat and Furth use
van kossa s method for calcum to demonstrate the calaium phosphate using a
sihver salt which s reduced by light  Menten has used an azo dye which 1s preap:
tated as the colored compound for example using calcium 8 napthol phosphate

These various methods all gne about the same results with the one species
and organ 1f the earher handling of the tissue has been about the same It has
been the general custom to use paraffin sections of alcohol or acetone fived tissues
or frozen dried matental Throughout the procedure 1t 1s tmportant that the tis
sues do not encounter any poison such as formaln or mercury or be exposed to a
temperature above 58° C since nactivation will occur It can be shown that

there 1s 2 loss of enzyme actrty at every pomt along the progress of the tissues
n paraffin embedding through alcohol and benzene as many authors have pomnted
out

T have lately turned to the use of frozen sections of unfixed tissue or tissue fixed

briefly 1n alcohol and then washed However this method has the disadvantage
that all tissues are not well handled and paraffin sections can be used provided 1t
1s reahized that about as many sites of blackening with the cobalt method appear
after overmght mcubation m a paraffin section as appears m one hour 1n the
same tissue 1n frozen section

The phosphatase with an optimum pH of activity on the acid side 1s shown 1n

essentially the same fashion with the calcium bemng replaced by lead  This s the
so called acid phosphatase Tt 1s noteworthy that fresh prostate contams so

much of this ‘acid phosphatase that some activity can still be demonstrated at
an alkalime pH
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enzymes attack groups of matenals—the protems by protemases the hpids by
Dipases etc In general the enzyvme 1s termed by adding the suffix ase to the
name of the substrate, e g peptidase attacks peptides esterase attacks esters, etc
There 1s some evidence that the chemcal configuration of the enzyme resembles
that of the substrate  Whilc all enzy mes are presumably protem, enzymes acting
upon carbohy drates may have a carbohy drate moty  For example hy alurom
dase may contam a carbolydrate dosely resembhing the substrate hyaluromc
acid
Enzymes occur 1n some cells 1 an mactive or zymogen form  An actnator—
the hinase—~1s needed by some 1 others metals such as Co or Vg are required
Some enzvme systems have their activity increased by “protector substances
These are presumed to remove or nactnvate inhibiting substances
Enzymes are inactivated by many means Heavy metals—Ag Hg and Cu—
and some yons—~H* or CN~—1n other instances can powon enzyme svstems  In
the case of the heavy metals 1t 1s presumed that binding of the sulphy dryi group
1n the enzymes occurs  Irradation mactivates some enzymes  Heat lalls most
enzy mes
There 15 inhibition of enzyme activity by the law of mass action 2¢  over
production of substrate  On the other hand some mhibitors are known which
can combine with the enzime in place of the substrate z¢ competition with the
substrate for the enzyme  Inhibiting factors for enzymes occur m nature eg,
the ascanis has materials inhibrting digestive enzymes
(3) Energy Production 1 the Cell —The energy metabolism of the cel) takes
place at a sub mucroscopic level Energy for mamtenance of life as well as that
used 1n the elaboration of special products ts dertved from the constant enzy matic
activities of the cell  The microscopie and submurcroscopic orgamzation of the
cell 1s important 1n mans of these enzymes some not functioning 1 cell free
filtrates  Surface rclationships and spatial arrangements may play a part as well
in enzyme rate
Fats carbohydrates and protemns are utthzed m the tellular production of
energy  Oxvgen can be used but not by all celis  There 1s some evidence that
carbon dioxide 15 mcorporated in Iiving cells under some conditions  The route
of utihization of the energy producing matertals 1s a complicated one  Not all the
detail- are known  There 1s some evidence not yet complete that encrgy utihza
tion 15 simtar 1n ail iving clls  Description of the whole process would be out
of place n this chapter Details may be found m the references at the end of this
chapter A few saltent features will be presented
In cellular metabolism there are common pathwavs by which carboh drate
fat and the amuno acids furmsh energy  Phosphate bond energy 1s uiized by
electron transfer  Phosphate energy is stored as adenosine adenyhic zad the d
and tnphosphate  In the brcakdosm of fat and carbohydrate pyruvate and lac
tate are important intermediates  Acetate may be an end product of both carbo
hydrate and {at breakdown possibly alo of protein analvsts
Accelerating the cellular energy processes are such matertals as the co-enzymes
_nudlere acd dervatives—and the ¢y tochrome svstem M} the reactions con
ed are resersihle and synthests can take place by reversal of the breakdown
cu’l; Protein svnthe 18 requires encrgy from fat and carbohy drate oudation
'\?}‘\Jc :nher svntheses appear sell supporting I‘lcmentan{ f‘atosd car(l;oh\ drates and
amino aads appear to be usable by the cell as sources of food and energy
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The constant, struggle for equilibtium produced by anabolism and catabolism
make the condition of the cell under resting conditions *Dynamic Fquilibnum *

The Phosphatases

These enzy mes will be first discussed because of their very considerable ease of
demonstration, their importance 1n the metabolic ey cle and the very many studies
which have been devoted to them It 15 proposed to describe the general prinat
ples of demonstrating these enzymes to attempt to assav their role i cellular
metabolism and finally to give some of the results of their study 1n tissues

In general the phospt are d trated by mcubating a section of tissue
n which the enzyme 15 preserved n a solution contammmng the substrate an ap
propnate buffer system and a materal which will precipitate the phosphate spht
off by the phosphatase Activator matenals may be included  In the classical
method of Gomori for demonstrating alhaline phosphatase the gly cerophosphate
15 buffered with sodmum barbital and magnesium 1s present as an actrvator while
calcium chloride 15 present to precipitate the phosphate spht off as the insoluble
calaum phosphate  The subsequent demonstration of the calcium phosphate
depo 1ted as such at the sites of phosphatase activity, may take several forms
Gomon ongnally used the dye Acndime Red to color cobalt which had replaced
the calcium deposit  This procedure included a histological differential washmg
which decreased the histochemical validity of the method The same worker
later introduced the demonstration of the sites of enzvme activity as the blach
cobalt sulfide by an ammomum sulfide wash This procedure 1s open to guestion
since Doyle and Holter ef a/ have shown that not all the cobalt 1s changed to the
wsoluble black sulfide some being oidized to the sulfate  Kabat and Furth use
van hossa s method for calcium to demonstrate the calaum phosphate, using a
sihver salt which s reduced by hight  Menten has used an azo dye which 1s preaipt
tated s the colored compound for example using calcium 8 napthol phosphate

These various methods all give about the same results with the one species
and organ if the earlier handling of the tissue has been about the same It has
been the general custom to use paraffin sections of alcohol or acetone fixed tissues
or frozen dried material Throughout the procedure 1t 1s important that the tis
sues do not encounter any poison such as formalin or mercury or be exposed to a
temperature above 58° C since nactivation will occur It can be shown that
therq 15 a loss of enzyvme actinity at every pomt along the progress of the tissues
m paraffin embedding through alcohol and benzene asmany authors have pomted
out

Thave lately turned to the use of frozen sections of unfixed tissue or tissue fixed
bricfly 1n alcohol and then washed However this method has the disadyvantage
that all tissues are not well handled and paraffin sections can be used provided 1t
1s realized that about as many sites of blackening with the cobalt method appear
after overmight incubation, m a paraffin section as appears 1 one hour mn the
same tissue 1n frozen section

The phosphatase with an optimum pH of activity on the acid side 1s shown m
esscntially the same fashion with the caletum being replaced by lead  This 1s the
so called acid phosphatase It 1s noteworthy that fresh prostate contains so

much of this ‘ acid  phosphatase that some activity can still be demonstrated at
an alkaline pH
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enzymes attack groups of matenals —the proteins by protemnases the hpids by
lipases, etc  In general, the enzyme 15 termed by adding the suffix ase to the
name of the substrate,e g peptidase attachs peptides, esterase attachs esters, etc
There 15 some evidence that the chemical configuration of the enzyme resembles
that of the substrate  While all enzy mes are presumably protemn enzymes acting
upon carhohy drates may have a carbohvdrate motety  For example hvalurom
dase may contain a carbohydrate closely resembling the substrate, hyalurome
aad
Lnzy mes occur m some cells i an mactive or zvmogen form  An activator—
the hinase—1s needed by some, m others metals such as Co or Mg are required
Some enzyme systems have their activity increased by ¢ protector ’ substances
These are presumed to remove or mactivate mhibiting substances
Enzvmes are mactivated by many means Hewy metals—Ag Hg and Cu~
and some 1on>—H* or CN~—1n other mstances can potson enzyme systems In
the case of the heavy metals it 1s presumed that binding of the sulphydry] group
1n the enzymes occurs  Irradiation mactivates some enzymes  Heat kalls most
enzymes
There 15 mhibition of enzyvme activity by the law of mass action 1¢ over
production of substrate On the other hand some inhibitors are known which
can combine with the enzvme n place of the substrate ;¢ competition with the
substrate for the enzyme Inlbiting factors for enzymes occur m nature eg,
the ascarts has matenals mhibiting digestive enzymes
(3) Energy Production in the Cell —The energy metabolism of the cell takes
place at a sub mucroscopic level  Energy for mamtenance of life as well as that
used 11 the claboration of spccial products 1s derrved from the constant enzymatic
activities of the cell  The mucroscopic and submicroscopic orgamzation of the
cell 15 1mportant 1m many of these enzymes some not functioning m cell free
filtrates  Surface relationships and spatial arrangements may play a part as well
in enzyme rate
Fats carbohydrates and protemns are utiized 1n the cellular production of
energy  Ouvigen can be used but not by all cells There 15 some evidence that
carbon dioxide 1s incorporated m hving cells under some conditions  The route
of utiltzation of the energy producing materials 1s a complicated one  Not all the
details are known  There 15 some evidence not yet complete that energy utiliza
pon 15 stmlar m all nving cells  Description of the whole process would be out
of place 1n this chapter  Details may be found in the references at the end of this
chapter A few salient features will be presented
In cellular metabolism there are common pathways by which carbohydrate
fat and the ammo acids furmish energy  Phosphate bond energ) s utihzed by
electron transfer  Phosphate energy 1s stored as adenosine adeny lic acd, the di
and tuphosphate  In the breakdown of fat and carbohy drate py ruvate and Jac
tate arc important intermediates  Acetate may be an end product of both carbo
hydrate and fat breakdown posstbhy al<o of protein analy sis
Accelerating the cellular encrgy processes are such materals as the co enzymes
—nudee aad denvatnes— and the cvtochrome svstem Al the reactions con
ed are reversible and synthests can take place by reversal of the breakdown
cert synthesis requires energy from fat and carbohvdrate oxidation
soute h“:::{‘heies appear sell supporting Flementary fats carbohs drates and
Z::n(::a:da appear to be usablk. by the cell as sources of food and energy
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<olution actnvated by CaCl MgCl and MinCi  The second methed for the
cholinesterase of tssue 1 that of Friedenwald and Rocdle  These authors use
fre hirozen scetions (while Gomors used paraflin sections of acetone fixed tissues)
and use acctyithrochohne as a substrate m the presence of copper gly cinate at
pH 8 ‘The capper thiocholine produced by the action of the enzyme at the sites
of enzyme acttvaty 1s colored to brown copper sulfide

There are certain difficultres in the acceptance of these histochemucal tech
mques for cholinesterase  One v huch is mentsoned by Dounce 15 the fadure of
the enzyme from the electric cel to split the substrate used m Gomon s method
However the cholinesterase i t1ssue secttons can be mhibited by the vanous
mhibitors such as prostigmune and powsons such as the nerve gas powsons  This
latter effect can be shown 1 vivo and on sections

Hard and co workers and Roelle and Friedenwald have used the selcctive
hibitors of AChL and ChL to study the locahization of thesc enzymes m tissue
sections It can be shoy n that cholinesterase is present in the ganyhia and at the
nerve endmgs and m the nerve tissue especialh the gray matter In the method of
Fricdenwald and hoelle the danger of diffusion 1s obuiated by the dropping of the
frozen section mto the substrate muxture which has been saturated with the
reaction product in this case copper thiocholine before the sectson hasa chance to
thaw

These methods for chohinesterase have a verv considerable promise for the
pathalogist m the study of the neuro muscular diseases such as m) asthema grawis
and the muscular dystrophies as well as many nersous diseases It may be that
these methods will be useful m evplamming the pharmacological action of many
matenials

B-Glucuromdase

Conjugation with glucurome acid is one of the ways 1 which the bady nds
itself of foretgn and tovic matersal.  Glucuronie acid polymers are mportant
constituents of body tissues making up the ground substance in part and the
other both carbohy drates such as the basement membranes and reticulin in alt
probabiity  The enzyme which controls the metabohsm ot the B glucuromuc
acd compounds thewr breakdown and perhaps therr synthests s called B gl
curonidase

The enzyme 1> widely distnbuted 1 nature and 1 the human body greatest
concentrations being found 1 the hiver and spleen It 1s present m the blood
serum  The endocrine glands contam a large amount  In the endometrium there
15 2 wav and wane with the menstrual cycle and after the menopause the uterus
and vagina show very low values

Histochemmcal methods for the demonstration of B glucuronidase were devel
oped by Fredenwald and Becher Thes took advantage of the formation ot
glucurone acid compleves with forugn orgatuc matenials which the rabbut 1s fed
and which he excretes as glucuromdes mn the urtne  This 38 hno vn as the bio
logical method of preparation  The first substrate used wds ortho ammo phenyl
glucuronide which was sphit with the formation of an nsouble red preaptate at
the sites of enzyme actraty  The second and preferable substrate was 8-hydroxy
qumnoline glucurontde which v as used vath fernc won  The fernc won precip
ttated the § hydroxy qunolime as a fernc complex which was then demonstrated
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substrate solutton  Tissues in formahn up to three months can be used This
reversal of the mactivating effect of formalin 1s 1n keeping with our sdeas about
the reverstble nature of the binding of protemn with formaln It has not been
extended to other enzymes to my hnowledge

Gomori has shown that hipase can be demonstrated m the normal lung and Inver,
m the mtestme and in the pancreas  In the Jatter situation there 1s a Yocahization
n the zvimogen granules The salivary glands and stomach were other situations
n which hipase was found  From the vienpomt of pathology, relatively httle use
of this valuable method has been made Gomori localized the lipase 1n the tuber
cle to the grant cells and epithehioid cells, which McManus powted aut were the
sites at which granules of lipoid demonstrable with Sudan Black could be found
A similar association of lipase and lipid 13 seen 1n the atherosclerotic plaque where
the bpase 15 demonstrable 1 the mner portion of the plague  Mark has studied
the hipase distribution i experimental rat hepatic tumors Menhe has done the
same for some human pulmonary cancers

The method for Ipase has been unsatisfactors in the hands of many workers
Others have found the method useful, suggesting that there 1s stilf some art to the
science of histochemustry

Choline Esterase

Recent studies have emphasized the importance of choline esterase 1n the
transmisston and mediation of the nerve impulse while the wide occurrence of
acety] choline 1n tissues has awakened the search for enzymes taking part m its
metabolism  Choline esterase 1s found especially at the ‘end plate” of nerve
termnation on stnated muscle and in the electric organ of the electriceel  In the
nerve fibers there 1s some evidence that the splitting acetyl chohne imitrates the
clectric charge which constitutes the nerve tmpulse

Dale 1n 1914 hy pothesized the eistence of an enzy me capable of splitting acetvi
choline  The verv considerable studies which have eluaidated the nature and
significance of such enzymes are too numerous to detal They have been well
summanzed by Augustmsson from whose review much of the following matertal
15 denved

Modern terminology of this group of enzymes has spoken of true and ' false
(or pseudo j cholnesterases s Augustinsson pomts out there s some over
lappag of activity m regard to a number of substratcs and 1t 1s better to speak of
the enzyvmes which can break down acetv] choline in some other terms The
same 1nvestigator with Nachmansohn suggests the term Acetvi cholme esterase
(AChE) to describe the enzyme which occurs m nervous and muscular tissue and
n enthrocytes  This 1s the  true ’ chalinesterase of other workers  The other
csterases are termed Cholinesterase (ChL) as 2 group title  These are found 1n
somie sera In pancreas and salnany glands ctc A pont of some mmportance to
the hutochemstry of the Cholinesterascs 1s that maternils are hnown which
sclectivels inhibit the AChL or the ChI™ n the tissues

Gomon developed the first method by which the tissue cholinesterase could be
shown The principle is that of the phosphatase methods the tissue sections sphit
a substrate which releascs a preaipitable matunal which 1s 10 turn demonstrated
The tist substrate of Gomor was & chohine ester of a fatts acd such as mynstoy!
chohne  Jtwas prcupltated v cobaltous acetate which was present in a buffered
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sweat glands, leucocyte granules and ganghon cells  The substrate for the
dapa oudase has not been sdentified i blood or 1n mans other situations where 1t
mght be expected It may be that the tyrosine 1s brought by the blood to the
tissues and dopa 1s produced m the shin and in these other situations where the
enzvme 1s found

The enzyme 15 demonstrated mstochermcalty by observing the formation of
the blach pigment upon incubating fecsh unhved tissue with the substrate that
1s du hydroxy phenylamne for a peniod of one to siv hours  There 1s quite a wide
range of p actrvity  The slowest formationisat pH 7 ¢ Phosphate buffer can
be used  \ctually as Mallory stext hook pomts out the action can be carned on
from7 4to 82 At 82 the reaction accurs tn only one hour at body temperature
wihtle at pH 7 4 the action 15 completed n four to five hours Mallory however,
enters a step which would decrease the histochemical speciicity of the reaction
It 15 sug,ested that the reaction mivture 1 the mcubator at 37 5° € should be
inspected every thirty mmutesorso  In two to three hours the solution 15 reddish
and m three to four hours a decper brown At the end of the development of the
brown coler, the reaction s said to be complete  This would put a differential
feature m a histachemical procedure and would decrease the vahdiy of the
method The change 1n the color of the mcubating solutton will occur spontan
eously 1f the solutton 1s hept in davhght  The accelerated change m the color of
the solutton 1s presumably due to the spontaneous change as nclf as to some dif
fuston of enzymes  The appearance of dopa ondase n anomalous situations such
as white ells and muscle 15 smd to be due to poly phenol oudase

The dopa oudase enzsme as demonstrated histochemcally occurs both m
ey toplasm and 1 nucleus  Thus latter sttuation 1s difficult to understand unless
3t 15 the result of the diffusion which was mentioned previousts

Peroxidase

The peroaidase reaction i human tissues 15 actually the ¢y tochrome oudace
The method which first showed this enzyme was that of Ebrlich  Thelschs old
“Nadt reaction made use of alpha naphthol and dimethy! p pheny lenedtammne
By this method the sites of ouidase actrity stam a deep blue It was shown by
Hollande that the dye which was produced by the ovidase reaction 15 capable of
fat stavung  Indophenal blue asitiscatled 1s quite a good fat stam  There was
a considerable argument concerning the stasming of the granules as 1 hether due to
simple fat stammg or due perhaps to the enzyme reaction At the present time
it appears most reasonable that the stamed granules particularly w the white
blood cells are colored as the result of enzmve actsvity

Rutter and Oleson have apphed the method of the perovidase reactton to paraffin
sections They have used the block procedure of <taming before embedding
They use alpha naphthol and Superoxal to demonstrate the peroxidase granules

It 1s still possible sometimes to demonstrate the perouidase as cytochrome ¢
oxidase granules and cells after ixation mn such matenals as formalin vapors but
as a rule alcohol and certainly \vlol destrovs the enzvme  Therefore 1t the per
owdase 15 to be found in tissue scctions the tissuc section must be prepared from
unfived tissue by frozen section technique or by smears or the perouidase reaction
must be done first according to the method of Ritter and Oleson
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by the familiar prusstan blue reaction  Both substrates are used m acetate buffer
atpH 50

The enzyme appears m the cytoplasm rather than nucleus It 1s scen 1n the
hadney tubules liver parenchymatous cells, nodules and pulp of spleen, m the
bronchial mucus membrane and alveolar walls in endometnal glands and
cartilage and bone It can be seen that the distribution of this enzyme 1s very
vade and that 1t occurs in many situations m which comples carbohy drates are
found  The demonstration of increased activaty i tumors which was shown by
Tishman in the test tube can be contirmed 1n scctions  Campbell did this and
shoved that expenimental carunomas were lugh in B glucuromdase actnity
Campbell showed that the enzy me was concentrated at the periphery of the tumor
This suggested that the enzyme might be concerned with mvaston rather than
with the metabolism of steroids, as Iishman suggested In the studies of Camp
bell, the second substrate of Friedenwald and Becker was used

B glucuromidase needs frozen sections of unfixed tissue for 1ts demonstration
1he pathologist uses this ty pe of section very frequently and studies many tissues
upon which the method of I'miedenwald and Becher would be used with defimte
mformatton produced

“Dopa-oxrdase™

Dopa oxudase demonstration m tissues 1s one of the older and more standard
methods of tissue pathology It 1s very useful m mdicating, the non pigmented
tvpes of melanomas A few chemical considerations arc necessary to the under
standing of 1ts use

Melanin 1s a chemical term which covers a wide varety of pigments i the am
mal kingdom A discussion of the cutancous melanomas that 1s the malignant
tumors ansing from the melamn producing or contamning cells 1s found 1n another
chapter of this book (p 28) The word melann is derived from the Grech
melanos meaning black but chermically 1t 15 taken to mean any pigment  In the
brological familtes the black insoluble pigment which we call melanin 1 widely
distributed 1 nature It 1s found 1n the retinae of mammals the hair horn and
feathers the shin and 1n the central nervous system  In the man onby 1s the pig
ment of the substantia mgra a melamn  The melarns are al<o found m the ink
of the octopus The discolorations of apples and potatoes are closely related or
identical pigments  Thewr chemical nature 15 uncertain  They are probably a
group of matenal related to tyrosine  These actually make up polymenized m
doles

It 15 interesting that one of the melanins hallochrome has been sdentified only
1 red harr red poultry feathers and the pigment of certain annehd worms

The dole nng 15 a pyrrole jomed to a benzenc ring  This indole structure 1s
found 1n melamin The amino acid ts rosme 1s a closely related compound  There
15 some discussion as to whether the dopa ovidase enzvme of the pathologist 15
not actually a tyrosinase  The dopa oxidase 18 not specific for dopa or dilvdroxy
pheny lamne but il breal, down to 2 black pigment tyrosme and closely related
compounds The enzyme tyrosine wil m turn break down dopa )

\{ammalian shin contains na tyrosinase A dopa oxidase can be demonstrated
1n many of the cells  Dopa owidase 1s found also 1 a number of tissucs wherc ;n

accurrence 1s difficult 1o understand  Damples of these situations are muscle
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7
CORONARY ARTERY DISEASE
By J C Patersow, M D

CORONARY artery disease 15 not a pathological entity 1t 15 a chnical term for a
number of symptom complexes which result from myocardial ischemia  And the
1schemia 1n turn, arises from a disproportion between the nutnitional requircments
of the heart on the one hand and the amount or quality of blood which 1s dehivered
through the coronary arteries on the other  Depending upon the degree and dura
tion of this disproportion various svndromes may be produced

The anginal syndrome occurs when the disproportion between supphy and
demand 1s of moderate degree and of short duration It 1s charactenzed by
transient chest pain which 1s usually preaipitated by effort and reheved by rest
The syndrome of coronary occlusion occurs when the disproportion 1s of longer
duration From the expenimental evidence the 1schemia must last for at least
twenty minutes This syndrome 1s charactenized by prolonged chest pamn of
crushing intensity accompanied by signs and symptoms of circulatorv collapse
The svndrome of acute coronary msuffictency 1s found 1n those indivaduals who die
suddenly from heart attacks ’ without p ory symp Its mech
1s 1mperfectly understood but here the disproportion would appear to be acute
and extreme and there 1s reason to beheve that 1t 15 accompamed by mn ocardiat
irritability which results in ventricular fibrillation

Many factors may be concerned 1n the disproportion between supply and de
mand and either one or several may operate m an individual case  Tactors which
decrease the nutritional supply to the heart include narrovung or occlusion of
the coronary artenes a sudden fall in blood pressure from shock and a lowered
oxygen capacity of the blood from anemia  Still other factors increase the work
of the heart and call for greater nutnitional requirements  The most important
of these are effort or excitement arterial hypertension with cardiac hy pertrophy
and valvular deformities

These are the factors which are concerned m the production of the syndromes
of coronary artery disease but one of them far outnumbers the others i fre
quency — a mechanical obstruction to the free flow of blood through the coronary
carculation  Here agam there are rare and common causes The rare obstructing
lesions are coronary embohsm sy philitic aortitis with stenosis of the coronary
ostia  non specific or rheumatic artentis penartentis nodosa and thrombo
angutis obliterans  The only common cause 1s narrowing or occlusion of the
coronary artenes from artenosclerosis and its sequelae  There 1s reason to believe
that this discase process 1s at fault wholly or mn part n over 90 per cent of the
cases of coronary artery disease Indecd some authors use the terms coronary
artery disease and coronary arteniosclerosis synonvmously  The present chapter

12 (1)
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hetln was the first toshow thatthe Nadi  oxidascorthe peroudase enzyme was
identical with the cvtochrome onidase svstem It can be shown, for example, as
Moogh has done that azide will speaifically poison the peroudase or cy tochrome
c oudase enzyme in tissue  The diffusion of the stam 1s considerable as Glick
points out and the possibility of false reactions are alwayspresent so that control
preparations poisoned with azide should always be used
‘The chemustry of cvtochrome 1s a complicated one  The identity of cy tochrome
ouadase with the vellow ferment of Warburg has been suggested The present
optnion 1s that the cytochrome 15 reduced to free some oty gen which  turn ox
dizes the reagents of the perovidase or ¢y tochrome ¢ ovidase system  In a few
preltmmary studses of my own 1t has not been possible to enhance the reaction
by the addition of ¢y tochrome or ouidized o3 tochrome to the mrxture of substrate
and frozen section of tissue  There are a number of anomalous results such as the
absence of the histochemical demonstration of the enzyme from heart muscle
In heart muscle it wonld be expected to be m very high concentration 1t has
not been posstble to demonstrate this It may be that the enzymes concerned are
destroyed quickhy after death and that surgical specimens or very iresh autopsy
matenal should be used T have not attempted this stochenucal procedure on
matenal which has been fresher than several hours after death
A number of significant histochermcal articles and reviews have appeared since
the completion of this section  These will be found scattered i many journals
A noteworthy review 15 Volume I Internatwonal Review of Cytology, ed G
Bourne Academic Press, 1952 1n which appear articles by Montagna on the
histochermistry of the slan by Gomort on the esterases, etc  Several of Sehgman s
articles on the histochemistry of enzvmes appear in Cancer 1921 and 1952 and
along with other subjects mn the proceedings of the meetings of the Histochemcal
Soctety published 1n Journal of National Cancer Institure 1950 1951 and 1952
Laboratory Investigation editor T J kunney Hocber N Y € pubhshes many
histochemical articles and the Journal of Histochemustry and Cytochemistry
editor R D Lilhe Walhiams and Wilkins Baltimore begins publication January
19-3
REFERENCES—PART II-ENZYMFS
The references on enzymological studies summarized here would be 100 volumnous 1f given
1 extenso  The following general references plus those on enzymes given in the first portion
should erve as an mntroduction to enzymatic histochermustry
tdrances 1 Carbohydrate Chemstry Vol 1 1945 Academic Press et seq
Ldiances tn Protern Chemnstry Vo) 1 1943 \cademic Press et seq
Adiances tn En ymologs Vol 1 1931 Interscience et seq
Currents 1 Biochenical Research Queen Interscience
Progress in 1wz I 1951
GLunER & SOMFRS [ smes cademmc Press ‘nd Bd 1948
GUsnFR & MIRBACK  The En ames Vo) 1 Pts 182 Avademic Iress 1950
Pareasr (ed)  Chemustry & Pliysiology of Grouth Princeton Univ Press 1949
Histackime 1nimale ieon Cauther Vallars Pans 1936
Techmigues of Hista and Crto Chemustry Ghh Intersaence \ 3 1949
Hestopathological Technigues 1ithe Bldksston 1948
pearse  Histochemical Methods for Pathology J Chn Pathol 4 1 101
® G BRAOFIELD  The Localization of Enzymes in Celis Biol Revtews 25 113 1950
forire ¢ B & FREDFA®ALD | S\ Hi toch I Method for Localizing Chol
Actmats Proc Soc Lxp Biol & Med 70 617 1939
[eiepeawarp J S & Bechrr B The Histochemica) Locilization of Clucuromdase ] Cel)

\ 37 303 1948
G D,f,{ ?;amr}zizz;‘:m,ml Stamsng Methods in Vethods sn Vledical Research \gl 4 Chiigo
O3

3 ear Book Publishers 1951
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evidence of disease However, they are of questionable functional significance
since when normal coronary arteries of man are plugged by thromb: or emboli or
when those of amimals are artificially occluded a myocardaal infarct (or sudden
death) almost invanably results The rapid necrosis of cardtac musculature it
these circumstances could hardly occur were adequate anastomoses present
Quite a diffcrent tvpe of anastomottc circulation develops n the presence of
coronary artertosclerosts  On mnjecting a lead agar mass which 1s so viscous that
1t penetrates only those channels which are 40 mucrons or more mn diameter,
Schlesinger and his group have clearly demonstrated that a functioning carculatton
develops when and where 1t 1s needed  If the artenes are gradually narrowed by
disease anastomotic channels of some magnitude are formed about the points of
stenosis and there only  These larger channels are never found 1n normal
hearts nor 1n those parts of diseased hearts 1n which the circulation 1s normal
Since the artenosclerotic process 1s charactenstically irregular in 1ts distribution
and affects the major coronary branches to different degrees, the complenity and
vanability of the anastomotic channels appear to be almost unhmited  In fact
there 1s reason to beheve that they may compensate for narrowing or occlusion to
a degree sufficient to enable the heart to meet the demands of the ordmar activ
1ties of life
The development of a collateral circulation within the heart would appear to be
slow and 1t should be maximal 1n those cases in which the coronary Jurmina are
gradually encroached upon by slowly enlarging arteniosclerotic plaques  Whether
or not myocardtal infarction will occur as a result of sudden occlusion of 2n artery
by anembolus at or a thrombus will depend upon the extent to which
an anastomotic circulation had developed prior to occluston  In general 1t seems
evident that when occlusion progresses more raprdly than the collateral aircula
tion develops myocardial anoerma and necrosis will be the rule
These findings have important clintcal apphcations  Uncomplicated and pro
gressive coronary arteriosclerosis leading to marhed stenosis of major coronary
branches will not necessanly result i symp sinee 1t 15 comy, g for to
adegree by the opening up of an effictent anastomotic circulation  Conversely, an
attack of coronary occlusion 1if not immediately lethal will be followed by the
development of a collateral circulation by an increase mn the coronary reserve
and by the disappearance of the symptoms of functional insufficiency The
prolonged convalescence that 15 usually prescribed for a case of coronary occlusion
will thus serve a dauble purpose  Not only will it munimuze the chance of cardiac
rupture at a pont of mfarction, but 1t will also allow time for the development
of an efficient collateral circulation
The natural trend of a case of coronarv artery diseasc 1s therefore towards
1mpr0\ement or recover) and this must be hept m mind when the efficacy of
| 15 being tested  Not only must such tests be
ng:dl\ controllcd but lhe expenimental serres must be large enough to elyminate
the effect of mndividual vaniation  The factor of individual vanation 1s partic
ularly 1mportant as Schlesinger and his group have shown that the complenity
and vanability of distnibution of the component vessels of an anastomotic cir
culation are almost unlimited  One suspects that many of the ¢ cures of coronars
artery disease which have been claimed from vitamm E therapy have resulted
more from the the natural development of 2 collateral circulation in the heart than
from any iherent efficacy 1 the therapeutic agent That at any rate, 1s my
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then will be himited to a discussion of the etiology, the pathogenests, and the
sequelae of arteriosclerasts 1n general and of coronary arteriosclerosis m par
ticular

Coronary artnosclerosis 1s almost alwayvs of the atherosclerotic varnety, and
as such 1t does not duffer essentially from the same process in other arteries How
ever, 1t has some special features which grve to 1t a pecubiar mmportance The
atherosclerotic process in general 1s characterized by rounded mtrmal plaqueswhich
project mto the arteral lumna and retard, to a degree the tree flow of blood
And because the coronary arteries are relatively small vessels, plaques of any
given size will produce more embarrassment than they would m larger vesscls
ke the aorta  Of even greater tmportance 15 the unusually vital nature of the
tissues supplied by the coronary artertes When thev are narrowed or occluded
by the arteniosclerotic process sersous chnical mamfestations may ensue—chrome
mvaldism from angtna pectors, prolonged meapacitation from coronars occla
sion, and worst of all, sudden death from acute coronary mnsufficiency  The high
cidence of these chinical cflects in the population of temperate zones an incidence
which appears to be increasing 1n recent years has called forth 2 mounting mterest
m the study of the underlving disease process  And this intcrest has been stimu
lated and accclerated by the formation of learned soceties sn which the rapwd
evchange of information between investigators 1s achieved, and by the provision
of ample funds for research by government agencies and charntable orgamzations

As a result of this interest research on arteriosclerosis and particularly on
coronary arteriosclerosis has developed rapidly, and 1t has not been entirely
unproductive  The prosent chapter will record the advances that have been made
m ths field during the past twenty years Pomts of special interest particularly
those of an expenimental, pathological and clintcal nature will be emphasized
namely  addttions to knowledge 1n the anatomy and histology of the coronary
crrculation m health and disease the factors which may be concerned m the ac
celeration of the arteriosclerotic process (with the hope of course that the
process may be reversed) and the manner in which coronary occlusion 1s produced
Two other subjects of a more controversial nature will be discussed briefly  the
s0 called premomitory symptoms of coronary thromboss and the medico legal
aspects of some of the effects of stress upon the heart

MORPHOLOGICAL ASPECTS OF CORONARY
ARTERIOSCLEROSIS

Faen i the hield of pure avatoms certan fallactes have been exposed  Since
the days of Cohnhetm the coronary arteries have been popularly regarded as end
arteries and 1t was not until the present century that an anastomotic circulation
within the heart was demonstrated ™ The functional significance of this collat
eral airculation the circumstances which lead to s development and its exact
anatomical architecture have been studied 1n detail by Schlesiger and his co
worhers ¢ # using spectal injectron methods

1{ colored <olutions of a watery conststency are injected nto one major coronary
arters of a normal heart some of the matenal can be clearly visuahzed m the
branches of the other major arters  Thus it seems evident that fine ccmn}l]umca
tions regularly cxnt between the major coronary arteries of hearts which show no

-,
.
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cept It should be noted though that intimal vasculanzation does occur mn the
later stages of arteriosclerosts, as will be described 1n detail 1n this section
Along the same Line 15 the suggestion that the earhiest leston 15 a tiny mural
thrombus w hich 1s Jard down upon the surface of the mtima 1t becomes coyvered by
endothelum, 1ts contamned red cells disintegrate and the mitial hpid deposit 1s
thus explaned 17 But here agan mural thromb have never been observed 1n
normal artenes although thev do form as a result of arteriosclerosis
The results of antmal experimentation have not clanfied the position regarding
the earhest leston n man  The feeding of cholesterol to rabbits leads eventually
to the formation of liptd cushions 1n the intima but these have been shown by
Duff to be antedated by deencrative changes 1 the underlying medral coat *
The posttion has been further complicated by the findings in chuchens  Although
1t has been claimed by Dauber and hatz that arteniosclerosis in this spectes may
be matiated by cholesterol feeding 10 " there 1» reason to believe that the earliest
leston 1s due to quite a different cause  The coronary arteries of chickens are
highly susceptible to  spontaneous artenosclerosis Fibrous mtimal plaques
without contained iprd can be demonstrated m over 70 per cent of young birds
which have been rearcd on normal diets and 1t has been shown by senal section
techmque that foar of medial disease precede the development of the intimal
thickenings 4 The pnmary medial lesions in turn appear to represent points of
Iymphomatous infiltratton of the vessel wall4 Lymphomatosis 1s generally
regarded as a naturally occurrning neoplastic disease of birds the causative agent
1s filtrable and it can be transrmtted from bird to bird by direct contact and from
parent to offspring by way of the egg  The disease may manifest ttself in several
ways neural visceral ocular and osteopetrotic forms have been described, and
there 1s reason to believe that avascular typealso exists and thatit 1s extremely
common Thus spontaneous arteriosclerosts of chichens can be interpreted as a
dary mtimal preliferation in resp to the presence of lymphomatous cells
1 the wall of the vessel These findings in chickens are remmniscent of Virchow s
concept of the genesis of human arteniosclerosis  that the thichenmng of the
intima of arteries 15 a reactive proltferation of connective tissue cells 1 response
to an underlying inflammatory process However, 1t 15 important to realize that
Ivmphomatosis 15 confined to the avian fanuly 1t has never been transmitted to
mammals and there 1s therefore no reason to believe that its causative agent 15
concerned m the etiology of human arteniosclerosis  However, once the arterial
disease has been mmtiated the mechanism of development of lesions m the two
species may still be ssmilar
Once the human arterosclerotic process has started there 1s general agreement
upon 1ts morphology  The mtima 1s thickened by connective fissue and 1n 1t
there are usually many lipid contamng phagocytes The fibers of the internal
elastic lamma are sphtt broken or completely destroved  As the plaque enlarges
its central portions show ewvidence of degeneration until eventually a core of
soft atheromatous matenal rich m cholesterol 1s formed The plaque has now
reached an appreciable size and the pressure of blood upon 1t, forcing 1t nter
mittently against the resistant adventitra results 1n a thunning out of the media
apparently by pressure atrophy
While these changes are going on important alterations m the blood supply to
the artenal wall occur  The wall of a normal human artery obtamns its nourish
ment from two distinct sources  The adventitia and outer third of the media are
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opimon and 1t 1s supported by the results of controlled experiments by several
chmical groups
Another purely anatomcal feature of the coronary erculation—the pomnts
which are susceptible to injury by trauma—deserves some discyssion  Theoret:
cally, direct violence to the chest with myury toa major coronary artery lying
the Ime of force of the blow may lacerate the arterial wall and lead to thrombus
precipitation and to the syndrome of coronary acclusion  From the medico
legal point of view, 1t 1s important to appreciate that the vessel most hable to
direct violence of this type 15 the proximal portion of the night coronary artery
which runs across the anteror surface of the heart, just behmnd the sternum at
the level of the second and third interspace  On the other hand, the proximal
portion of the left anterior descending branch, which 15 the most common site
for naturally occutring thrombosis hes farther back and to the left, and 1s pro
tected from dircct violence by the root of the pulmonary artery  The terminal
portton of this branch does Ite anteriorly but 1t 1s doubtful 1f serious consequences
would tnsue from ats injury  Libes 1se, the left circumflex branch apother com
mon stte for naturally occurning thrombosis lies to the side of the heart and should
thus be immune to the effects of trauma In a fatal case of unequivocal traumatic
coronary thrombosts, then autopsy should reveal a thrombus which will probably
hie 1n the prowmal part of the right coronary artery  In addition the age of the
oldest part of the thrombus should agree with the interval betwcen trauma and
death, the site of pnimary thrombus precipitation should be demonstrated at a
pont of laceration of the artenal wall and there should be evidence of contuston
of the adjacent epicardial tissues  Fatlure to demonstrate all of these pomts and
they call for pamnstaking pathological examumation should lead to the susprcton
that the occluding thrombus developed from natural causes If an windiidual
survives a bout of cardiac mfarction suspected of being due to traumatic coronary
thrombosts onlv opintons can be voiced Even f there s a direct contmuty of
symptoms following trauma to the chest together with clectrocardiographic
evidence of infarction i the distribution of the right coronary artery the posst
bility that the occlusion developed from natural causes cannot be excluded
The relative strength of the varnious coats of a coronary artery has recently
recenved some attention It would appear that the tensile strength of musculo
elastic artenes hies prinapally 1 the adventitta nat in the media  Incision of this
outer laver allows the artery to balloon and rupture even at low pressures ®
Providing then that the adventitia of a coronary artery 15 not weahened by dis
ease any space occupving lesion within its wall will be projected mward and will
tend to stenose the lumen  This stenosing effect will apphy not only to the grad
ually enlarging plaques of arteriosclerosts but more particulatly to sudden hemor
thages mto these plaques which will augment appreciably therr bulk
The intimate microscoptc preture of the arteriosclerotic process in the coronary
artenies il now be reviewed n some detail The carliest leston 1 these vesscls
and m others that are susceptible to atherosclerosts 15 still obscure  Several
suggestions have been made but these ar¢ hardhy acceptable It has been clamed
for example that the rupture of nutrient capillaries withmn the ntima results i a
hemorthage which on disintegration accounts for the imitral deposit of hpllﬁs 13
thislayer® Homever the ntima of normal human a;tcncls hn]s'nn ca}ul)alrzls c(;on
supply, and there 15 therefore no morpholagical or theoretical basis for
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grow mto the plaques and ramufy within their substance Their direct ongin
from the mam arterial lumen was noted first 1 the aorta # they have been shown
by serial section technique to anse 1n a sumlar fashion i artenosclerotic coronary
artenies # ¢ and the full extent of their profuse ramifications 1 intimal plaques
has been demonstrated by special mjection methods ¢ The microscopic appear
ance of ntimal vascularization 1s lustrated in Figures 36 and 37

The direct anigin of intimal capillaries from the lumen of major artenies 1s of
particular importance 1t means 1 my opinion that the pressure of blood in the
main arteries will be reflected to a degree into thin walled channels which are
not equipped to withstand pressures of this magmtude The tendency of intimal
capillaries to rupture in certain circumstances and to produce intramural hemor
rhages and other sequelae, will be discussed at length in later sections of this
chapter

FACTORS CONCERNED IN 'HE ACCELERATION OF THE
ARTERIOSCLEROTIC PROCESS

Two points of major importance will be discussed in this section  first the
reasons as we hnow them for the imtiation of artenosclerosis and second the
factors which are concerned 1n the progression of the disease once 1t 1s imtiated

The factor or factors responsible for the imitiation of the arteriosclerotic process
in man 1s still obscure  Lattle 1s to be gamed from a detailed examination of the
various theories that have been advanced over the past fifty vears and all that
will be attempted 15 a bref refutation of some of them

The senescence theory that the disease 15 merely the result of physiological
aging processes has now been abandoned While strongly supported by the older
German pathologists the not infrequent demonstration of severe grades of disease
in children and young adults particulatly in the coronary arteries and the finding
of only minimal changes 1n some elderly persons make this theory no longer
acceptable

The hypercholesterolemic theory of Amitschhow that plasma cholesterol in
excess wfiltrates the arterial wall at points of mechanical stress and thus mitiates
the disease 15 now viewed with shepticism  Recent mvestigations to be discussed
later m this section have shown that the criical factor for the development of
artenosclerosis in some animal species 1s not the blood cholesterol level butis
rather the nstability of serum cholesterol or some abnormality 1n 1ts physico
chemical makeup

The lipophage theory of Leary has few advocates today By this doctnine the
mitial lesion 1 caused by cholesterol contaimng lipophages elaborated m the
reticuloendothelial tissues of the iver spleen adrenal glands and lung which are
specifically attracted to the artenal wall and penetrate the intact endothelium
The validity of this theory has been attacked m various ways notably by the
{act that the hpophage accummlations in the viscera and blood m Niemann
Pack s disease and in Gaucher s disease do not give rise to arteniosclerotic plaques *

Snce tht chapter was wnitten the hpog hage theory of Leary has been further discredited
by the ob ervations of Payne and Duff (Arch Path 57 379 1951) Rabbits which were fed
cholesterol and given mtm\.enous lmectlfms of 1 detersent Tween 80 de eloped tremendous

foam celf sy tem  Homever these foam celly 44 not
appear to locahize 1 the alleof arteries as the aorta howed only mmmal deposits of ipid
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supphed with blood through the vasa vasorum which penetrate the muscular
coat from without The remainder of the artenal wall 1ts mner portion 15 nour
1shed by the imbibition of nutnent matenals from the blood wrculating 1n the
lumen ot the artery “The mtima of a normal human artery has therefore no true
blood supply, although 1t develops one as a result of disease Apparently because
of o compensatory mechanism, to supply the evtra nutnitional requirements of
an abnormally thickened intima 10 the later stages of artenosclerosis, capillaries
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then 15 the problem of practical mportance  why do the lesions m some md1
viduals progress to the point that they produce symptoms, while in others they
remain small and 1nnocuous® No fixed rules can be offered but from the evidence
at hand 1t would appear that the following factors play some part 1n the progres
sion of the arteriosclerotic process—the general state of bodily nutntion, the
blood limd Jevel the ratio of blood lipids one to the other the pres=nce of gant
cholesterol bearing molecules 1 the serum and the tendency of the individual
to develop intramural artenal hemorrhages
Climical pathological and experimental data support the contention that there
15 a relationship between the degree of arteriosclerosis and the general state of
bodily nutnition  The usual candidates for coronary artery disease are those that
are well nourished  The high incidence of the fatal sequelae of coronary arterio
sclerosis i the obese has been known to hfe insurance statisticians for years
Yilens %01n a large series of autopsies on elderly persons found a marked reduction
In the severity of arteriosclerasis of the atherosclerotic ty pe n individuals who were
undernourished compared with those who were either m a normal state of nutn
tion or were frankly obese Comparable results have been obtamed in expen
mental ammals  Although the feeding of cholesterol to rabbits results n artenal
lesions which roughly parallel the degree of induced hypercholesterolemia the
weight of the amimal seems to be of importance 1n governmg the seventy of the
disease  Pollak® found the more severe experimental lesions 1n his heavier and
older cholesterol fed rabbits  Tirstbrook?® has attacked the problem using a
statistical approach  Cholesterol was given to some rabbits which were fed
ad libium and to others which recerved only 50 per cent of the amount of food
consumed by the ammals in the first group  On comparing the degree of artenal
disease 1n the two groups a hugh net correlation between relative weight gan and
seventy of expenimental lesions was found Additional evidence has been ob
tamed 1n other species that the accumulation of hpids 1n artenial walls may be
reversible When cholesterol 1s fed to chuckens hpids are deposited m pre evistent
spontaneous fibrous plaques of the mtima of the coronary artenies but when
the birds are returned to a normal diet, without added cholesterol the plagues
lose most of thetr lipid and revert to their usual fibrous appearance ¥ A simlar
resorption of ipids has been noted i the experimental cholesterol lesions of dogs ?
Much more work 15 needed along these lines but at the moment the evidence
supports the contention that overnutnition favors the acceleration of the arterio
sclerotic process and there 1s therefore some justification for advising mddle
aged individuals to  keep m shape  Lipotropic agents like cholme to prevent
the deposition of lipids 1n artenal walls or to assist 1n their removal have heen
advocated n cases of proven coronary artery chsease *° but further controlled
chmcal trials are needed before the use of these agents s justified
Elevation of the blood cholesterol level has been considered for vears to be 2
majyor factor m the mitiation, or the acceleration of the arteniosclerotic process
The imcreased ncidence of the more serious manifestations of the disease m per
sons with famihial hy percholesterolemia #5* in those with an elevated blood hipid
or blood chol 1 level due to diab mellitus the nephrotic syndrome and
hypothyvroidism and the decreased ncidence of arteriosclerosis i those with
depre.sed blood cholesterol levcls from hyperthyrowdism have strengthened the
position of the prop of the hypercholesterolemic theory  The production
of experimental artenosclerosis in certam ammal species by cholesterol feeding
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The capalars wascularization theory of Wintermtz has been abandoned It
postulates an imttal rupture of captllaries in the intima of normal artertes, but 1t
15 now agreed that mtimal v 2sculanization 1s a result, rather than a cause of arter
10sclerosts

The combined lipophage ascularizalton theory, proposcd by katz and Dauber
suggests that rmgratory, blood borne foam cells enter the orsfices of infimal capil
lanies obstruct these fine channels, and result mn necrosts and cholesterol depost
tron  Lhis theory 1s open to the same objections which have been made to that
of Wintermtz and of 1 cany

Recenthy the Zhrombolic theory has been revived by Dugud By 1t the nitial
lesion 15 a small mural thrombus which for unspecified reasons, 1s lad down upon
the ntact endothelum and from this thrombus the first cholestcrol deposits are
derived  Ihis theory Jachs morphological confirmation in man and i expen
mental animals

On the whole the theory 1n most favor at the moment 1s that the plasma lipid
muvture normally permeates the inner portions of the arterial wall by a process of
non selective infiliration, that mstalnhty of scrum cholesterol predisposes to 1ts
deposition and that st 1s deposited only at ponts of pre existent vascular mnjury
Without the primary injury then artenosclerosis of the atheromatous type
should not occur and without the mstabilits of serum cholesterol the disease
should not progress as a rule to sertous proportions  This combined theory of
njury and imbibition will now be examined m some detail

The hypothetical injunious agent which produces the equally hypothetical
primary vascular injury 1n man has recetved hittle attention  But an mjury must
be postulated as otherwise the disease process would be diffusels spread through
out the artenial system mstead of being tocal in sts distribution  The hy pothesis
m most favor at the moment 1s that simple mechamical factors govern the local
1zation of lesions that the plasma hpid muxture 15 laid down at points wherc the
artenal wallis altered or injured by stress  Another hy pothesis has been suggested
by Dock! to explamn the localization of lestons  The mntima of the coronary arter
1es of nfants 1s much thicker than 1s the same layer in other arteries which are
not <o susceptible to arteriosclerosis, the mtimal thickening 1s 3 times greater 1n
male than n female infants and it 1s focal i 1ts distnbution  Doch suggests
that these congenital fibrous thichenings are the sites for the subsequent depost
tion of hpids and since they are larger in males than in females the sex difference
in the merdence of coronary artery disease 1s thus explamed

The findings 1n expertmental animals suggest 2 different ty pe of primary mnjury
Rabbits which develop atheromatous deposits 1n their arternes m response to
cholesterol fecding show a primary degenerative leston of the medial coat and
this primary lesion 15 due presumably to some novtous agent mherent in the tech
nique of cholesteral feeding #*  The primars arterial mpury 1n the chicken s also
located in the media but as mentioned in the previous section it 15 due to an
infectious process which 1s peculiar to the avian famuly and 1s completely unrelated

to cholesterol feeding

Actuallv the cause of the imstial lesion in human arteriosclerosis 1s of academic
interest  Hardly anyone over the age of forty years escapes some stigmata of the
disease but because the Jesions are often so shght no symptoms result Or; tizlc
other hand a certamn number of individuals <how a n:xrk]cg acceleration oHt e
disease process and this acceleratron 15 not confined to the older age groups  Here
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then 15 the problem of practical importance why do the lesions 1 some ndi
viduals progress to the pomt that they produce symptoms while n others they
remamn small and innocuous® o fixed rules can be offered, but from the evidence
at hand 1t would appear that the followng factors play some part m the progres
sion of the artenosclerotic process—the general state of bodily nutrition the
blood liprd level the ratio of blood lipids one to the other, the presence of giant
cholesterol bearing molecules 1n the serum and the tendency of the mndividual
to develop intramural artenal hemorrhages
Chinical, pathological and expenimental data support the contention that there
15 a relationshup between the degree of arterosclerosis and the general state of
bodily nutrition  The usual candidates for coronary artery disease are those that
are well nounished The gh madence of the fatal sequelae of coronary arteno
sclerosts 1n the obese has been known to hife msurance statisticians for years
Wilens % 1n a large series of autopstes on elderly persons found a marked reduction
1n the severty of arteriosclerosis of the atherosclerotic type i individuals who were
undernounshed compared with those who were either 1n a normal state of nutn
tion or were frankly obese Comparable results have been obtamned 1 expent
mental ammals  Although the feeding of cholesterol to rabbits results in arterial
Iesions which roughly parallel the degree of induced hypercholesterolerma, the
weight of the ammal seems to be of importance in governing the seventy of the
disease  Pollakt found the more severe expenmental lesions m his heavier and
older cholesterol fed rabints Firstbrook®™ has attached the problem using a
statistical approach  Cholesterol was given to some rabbits which were fed
ad hibitum and to others which recaved only 50 per cent of the amount of food
consumed by the animals n the first group  On companng the degree of artenal
hsease 1n the two groups a high net correlation between relative wesght gam and
sevenity of experimental lesions was found Additional evidence has been ob
tamed 1n other species that the accumulation of hpids n artenal walls may be
reversible When cholesterol 1s fed to chickens lipids are deposited 1n pre existent
spontaneous  fibrous plaques of the mtima of the coronary artenes but when
the irds are returned to a normal diet without added cholesterol the plagues
lose most of their hipid and revert to their usual fibrous appearance * A sumlar
resorption of hpids has been noted 1n the experimental cholesterol lesions of dogs
Much more work 13 needed along these lines but at the moment the evidence
supports the contention that overnutrition favors the acceleration of the arterio
sclerotic process and there 15 therefore some justification for adwising mddle
aged indwviduals to  heep an shape  Tipotropic agents ke choline to prevent
the deposition of hpids 1n artenal walls or to assist 1n their removal have been
advocated 1 cases of proven coronary artery disease * but further controlled
chinical trials are needed before the use of these agents 1s justified
Elevation of the blood cholesterol level has been considered for years to be a
major factor in the mittation or the acceleration of the arteriosclerotic process
The increased incidence of the more serious mamifestations of the disease 1n per
sons with famihial hy percholesterolerma 3 * m those with an elevated blood hpid
or blood chol 1 level due to diab mellitus the nephrotic syndrome and
hypothyroidism and the decreased inaidence of artersosclerosis m those with
depressed blood cholesterol levels from hyperthyroidism have strengthened the
position of the proponents of the hy percholesterolemic theory The production
of experimental artenosclerasts i certam ammal species by cholesterol feeding
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techniques has added further weight to thew argument  The rabbit is particularly
susceptible to this procedure, and recently the combination of thiouracil with
cholesterol feeding has succeeded m producing artenal lesions i the dog which
are remarkably Iihe those inman  In the dog the plaques even show vasculariza
tion and intimal hemorrhage The chichen has also been cited as an evample of
the hypercholesterolemic ongin of artersosclerosts,'® 1t but other workers have
shown that cholesterol fecding in brds results only n an acceleration of arterial
lesions which are mitrated by another mechamsm ¢
However, a major mconsistency mn the hypercholesterolemic theory has been
the failure to demonstrate elevated blood cholesterol levels i many individuals
who are obvioush suffering from end stage coronary artery diseasc Recent
developments m the field of hptd chermstry have suggested reasons for this dis
crepancy  The ground was laid by the nteresting, studies of Duff and s co
workers on the development of arteriosclerosts n allosan diabetic rabbits  They
compared the effects of cholesterol feeding in normal rabbits and in rabbits ren
dered persistently diabetic by means of alloxan Comparable degrees of hy per
cholesterolemia werc induced m the two groups of ammals but the sevenity of
arteriosclerosts m the diabetic rabbits was much less than n the non diabetic
control ammals Indeed a large proportion of the diabetic ammals prescnted no
arteriosclerosis whatever ¥ T'rom this expeniment which has been contirmed ¥
1t 1s apparent that hy percholesterolemta per se1s not responstble for the deposition
of Iipids 1n the arterial walls of cholesterol fed rabbits  Later experiments have
shown that the goverming factor hes, rather in the stability of serum hpids
Provided that there 1s a proportionate elevation of serum hpid phosphorus and
neutral fat a marked hypercholesterolema can exist n the rabbit without the
development of arteriosclerosts ** The importance of the cholesterol phospholiprd
ratio has been demonstrated in another nay by Kellner and his collaborators **
By mjecting synthetic detergents mtravenously mto cholesterol fed rabbits
they acineved an elevation of serum cholesterol which was accompanted by a
parallel nse of phospholipids, and in these antmals the development of arterial
lesions was inhibited compared with that m control cholesterol fed rabints which
showed a rise 1n blood cholesterol without a concomitant nise of phospholipids
Another important observatton on the role of cholesterol and other serum liptds
mn the pathogenesis of arteriosclerosis has been made recently by Gofman and hus
co workers ™ Using, ultracentrifugal methods they have found that the presence
of giant cholesterol bearing molccules in the scrum can be related to the patho
genests of artertosclerosis 1n the experimental antmal and n man  These giant
molccules are present in hngher concentrations and at a much higher frequency in
patients who hate survived mvocardial wfarction than m those nithout known
vascular disease  The blood Jevel of the molecules can be closels correlated with
those human diseases which are usually associated with an excessive amount of
arteriosclerosis and with expernimental cholesterol atherosclerosis in the rabbit
Tt 1s poorly carrelated with the analy tical serum cholesterol level  Most important
of all the blood level of the molceules can be influenced by diet
These observations on the cholesterol phospholipid ratio and on the presence
of guant cholesterol bearing, molecules m the scrum may %l have a beanng on
the pathogenesi> of the human disease but to ¢stablish or refute this frcl.munshxp
1s difficuit  The <tumbling black les im the fact that the diagnosts o hll;]man’rahr
unosclerasts of any degree 15 often smpossible except on the autopsy table C

.
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only reasobably rehable clinical mamfestations are the signs and symptoms of
coronary artcry disease, but even here there are fallacies  Tt1s fair to assume that
patients with demonstrable cardiac miarcts are probably suffering from a moder
ate or severe degree of coronary arteniosclerosts, but it does not follow that men
without cardiac infarcis do not harbor coronary artenosclerosis of a similar degree
Uncomplicated progressive coronary arteriosclerosis, leading to marked stenosis
of major coronary branches does not necessanly result i symptoms, since it 15
compensated for by the opemng vp of a collateral circufation which 15 suffiacnt
for the ordimary demands of Iife * Furthermore the production of coronary
acclusion with myocardial ifarction appears to result from factors which often
have no relationstup to the Jevel or character of the blood lipids at the time of the
catastrophe and these estraneous tacters will be discussed 1 the nest section
Fhus to establish a relationship brtween disorders of the scrum hipids and an
avceleration of the arteriosclerotic process, a more reliable method of acsessment 1
needed  In the opuon of the water, this can only be done by comparmg, senal
detcrminations of the serum lipids dunng hife with an accurate estimation of the
degree of arteriosclerosts as secn at autopsy  In carrving out an assessment of
this type two pomts must be borne m mind  Since artenosclerosis 15 a disease
which mav tahe years to develop and may perast for some tume after the cansa
tive agent has cer ed to sct the senal determmations of blood hpds should be
made over long pertods  And 1t would b helpful if a techmque could be devised
for stimating the degree of disease at autopsy which 1s more accurate than the
crude methods of grading m use today
Tunalh acceleratton of the artenioscleratic process may be produced by a mech
ansm which 15 quite distinet from the biochencal alterations just described ~by
repeated bouts of hemorrhage imto pre existent artenosclerotic plagues Winter
nitz and his co workers® ¢ have been so impressed with the frequency of hemor
rhages mnto the intimal Jayers of artenes that they have suggested that thes not
only accelerate the arterosclerotsc process but may actually mitiate st Intimal
hemorrhage cannot be adnutted as a causative lesion n arteniosclerosys for rea
sons given previousty n this chapter but as an accelerating factor 1t deserves
consideration  In mv expenence intimal hemorrhages are extremely common
1 association with moderate or severe grades of coranary artertosclerosis  They
c1n be seen with the naked eye when the artery 1 opened when they appear as
blotchy shghtly elevated red or browmish blact discolorations (Figure 38) the
arc often multiple in indwndual cases and arce especially common m hy pertensive 7
mdividuals  Although they were formerly considered to be the result of backfow
of blood from the lumen through an mtimad defert serial section techmque has
revealed that often there 15 no break in the tissues lving between the hemorrhage
and the lumen of the artery * # These ntnnsic hemorrhages are clearly the result
of rupture of the newly formed wumal capillanes which are such a common fea
ture of the arteriosclerotic process ¢ ¢
Intomal hemorrhage may produce a varety of sequelae as will be descnibed
fater but one chiect must be an mncrease m size of the affected plaque  The en
fargemert will be due at first to the addition of blood to the bulk of the plague
and later to the pre ence of the products of the breahdown of blood and te the
reaction of the tissucs to these products  The apparent increase 1n size of arterto
sclerotic plaques mto which hemorrhages have occurred 15 lustrated m I igures
39 and 40 Single hemorrhagc episndes hike these would produce hittle effect
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Frc 38 —Intimal kem,

orrhage of a coronary arlery as seen on gross exammation
with the artery opened

Tic 39 — Intimal kemorrha

ge withoul thrombesis of a cor mary artery  The hemorrhage

ypears to have enlarged the plague shghtly
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once the blood was absorbed, but if the process were repeated frequently mto the
same plaques a gradual increase m thew bulk should occur  In this regard, it 1s
to be noted that many artenosclerotic plaques contmn bleod elements n varymg
stages of dissolution, mdicating the repetitive nature of intramural hemorrhage

1t would be wrong to attnbute all, or even most, of the acceleration of the arter
1osclerotic process 1n an to these hemorrhagic episodes although no doubt they
may play some part especially 1n association with certam disease processes  As
will be discussed 1 the next section, one of the hvpothetical factors which may
produce rupture of mtimal camilanes 1s ugh mtracapiliary pressure from artenal
inpertension and s may explan, m part, why severe artenoscloross 15 so
comman 1m hypertensive individuals

Fi16 40 ~Ir ema kemorrlage of moderate s1 ¢ into an artertosclerot ¢ plogue of ¢
coronary artery  Chrombosis has not resufted

THE MECHANISM OF CORONARY OCCLUSION

Myocardial sschemia so severe that sudden death occurs ot so prolonged
that wreversible changes are set up mn a farge segment of the cardiac musculature
may result from a vanety of causce  Some of these like oronary embolism are
rare —too rare to be discussed here  The common mechamsms are the ones which
result directly from coronary arteniosclerosts and the present section will be
lunited to the manter m which the ¢ mechamsms operate and to thesr chncal
imphcations

Acute functional wnsufficency of the coronary arculation from a sudden
merease m the nutntional demands ot the heart 1 the presence of severe arterio
sclerotie stenosts 13 far more common than 1s generally reabzed  Indeed as a
cause of sudden death fram heart attacks and as a cause of myocardsal snfarc
tion 1t ranks i frequency with caranary thrombosis ® The underlving lesion 18
uncomplicated mathed narrowing of one or more major coronary branches and
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the trigger mechanism 1s 2 sudden call for more blood than can be suppled through
the stenosed artenial lumma  The mcrease i heart work which occurs nith
excessive physical evercise or emotional stress 1s therefore a major precipitating
factor, although the same mechanism may operate when the blood pressure drops
suddenly from shock orif profuse hemorrhage depletes the oy gen carry ing capac
1ty of the blood

The prevention of acute coronary nsufficiency should be directed agamnst each
of the factors involved, and should include the restriction of physical activity and
the avordance of emotional stress m individuals of advancing vears a dietary
regimen which will not only correct obestty and thus decrease heart work butwhich
may also reverse toadegree the lipid depostts mn the arterial wall, the prevention
of shock and the replacement of blood lost i surgical operations, and attempts to
aid the development of an efficient collateral airculation by medical or surgical
means  These are some of the measures which now lie at our disposal, and when
w¢ add to them the possibility that regression of the artenosclerotic process may
some day be achieved by speciic therapeutic agents the ultimate prognosis for
the end stage uncomphcated artenosclerotic individual 1s by no means hopeless

It 1s to be particularly noted that the preaypitating factor of myocardial 1s
cherma in acute coronary insufficiency Les outside the coronary arrculation  Init
the degree of arterial stenosis 1s no greater with the onset of symptoms than it was
before In the conditions to be described now, the reversc 1s the case—the dis
proportion between supply and demand results from secondary lesions withmn the
arienes proper  Acceleration of the stenosing effect of an artenosclerotic plaque
to the pomnt of occlusion of the lumen of the artery, may be accomplished in exther
of twoways (1) by the sudden cnlargement of the plaque from a massive hema
toma, and {2) by obhteration of the lumen by a thrombus  Each of these occlud
ing lesions has 2 common mechamsm and they will be discussed together

The etiology of bland (non mfectrve) artenal thrombosis has received a good
deal of attention 1n recent years It 1s generally agreed that arterrosclerosis, of 2
sigmificant degree 1s the essential underlying lesion, and from it anse the two
factors which are needed for the mitiation and propagation of a thrombus  One
of these 15 supplicd by the shape and size of the arteriosclerotic plaque which by
projecting mto the artertal lumen results 1n the critical amount of stasis and
eddving of blaed for thrombus propagation The other the lesion wheeh hiberates
thrombaplastic substances and thus imitiates the thrombus develops within the
body of the plaque  Three nitiating lesions have been described —an inflamma
tory focus by Bovd ® an ulcerated surface by Leary ?* and a disruptrve intimal
hemorrhage by the writer # % There are reasons to believe that these three lesions
are part and parcel of the same fundamental process

The striking changes that occur 1n the blood supply to the wall of an arter)
which 15 thickened by arteriosclerosts have been described 1n a previous scction
Aewh formed capillaries grow into the intima from the lumen of the artery
they penetrate the outer shell of dense fibrous tissue and ramufy about the mass of
atheromatous debnis i the core of the plaque (Iigs 37 and 38) Intimal captl
latics may and do rupture and intramural hematomata of varning sizes and
with vanng results are tormed

Of the various sequelae of intimal hemorrhages of artenosclerotic coronars
artenes that of thrombus precipitation appears to be of the most importance
(Figs 41 and 42) As first described the sequence of events 1s as fotlows
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1 Intimal capillanies rupture a hematoma forms and this 1s accompamed by
the disruption of tissue

2 Thromboplastic substances are hberated from the area of hemorrhage in one
or more of the following ways when the hemorrhage 1s superficial there may be
diffusion of thesc substances through the mntact intima into the mam arterial
lumen  The rupture of nutrient capillaries may be so extensive that necrosis of
the intima results thus forming an atheromatous ulcer with a raw surface  When
the hemorrhage occurs mto the deeper intimal layers the capilfanes adjacent to

TR T e T = e ey

>
<3N
SRR 5
P

Ongd
\

o
4

’?Y»Z’JL-'ZC

¥16 41 —Intimal hemorrhage and thrombosts of a coronary artery The thrombus 1s
deposited 1n close relationship to the hemorrhage

F16 42 ~Intimal hemorrhage and thrombosss of a coronary artery
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the point of rupture may thrombose, retrograde capillary thrombosts may then
take place and when the process reaches the mouth of the capulary 1t may form
the nucleus for the occluding mass in the artenal lumen

3 A coronary thrombus forms at the site of damage but only if swtable con
ditions of stasis and «ddymy, of blood eust

1f 1t be true that mtimal capullanies ate a compensatory device for the nutntion
of an abnotmally thickened intima their rupture will interfere with the necessary
blood supply and necrosis of the ntima with the formatron of an ¢ atheromatous
ulcer * should be the result In other words atheromatous ulceration as a cause
of thrombus precipitation as described by Leary ,* 15 m effect a sequel of capillary
rupture, just as much as 1> an mtimal hematoma  And when nflammatory foct
develop m arternosclerotic plaques and result 1n coronary thrombs, as described
by Bovd ¢ one can usually demonstrate hemorrhage as well as inflammatory
mfiltration at the pomt of mtial thrombosts It would appear that both m
flammation and hemorrhage arc the result of capillary rupture, the nflammatory
cells being a reaction to the presence of frce blood or of necrotic issue

The hy pothesis that intimal hemorrhages are concerned 1n the precipitation of
coronary thrombr 1s gradually gammg acceptance Since 1936 when 1t was first
suggested,® 1t has had ample confirmation by Wartman 3 Wintermtz and s
co workers,® Horn and T'inkelstemn " and Nelson 4 Simlar lesions may mitiate
thrombosis 1 artertosclerotic arteries in other parts of the body —m cerebral
artenies® and i artenies of the lower extremuty # 57 In spite of the unammity of
opimon expressed by the above mentioned waorkets, however, a certain amount of
scepticsm still exssts

It has been suggested for example that a hemorrhage which les at the pomt
of thrombotic occlusion may be the result rather than the cause of thrombuosts
that 1t represents a type of hemorrhagic mnfarction of the vessel wall at a pomnt
where 1t has been deprnved of its blood supply by the occluding mass  This
possibility 1s effectively elimmated by the fact that intimal hemorrhages can be
demonstrated repeatedly at pomts where there 15 no associated thrombosis
Discrete lesions of this type are iflustrated in Figures 39 40 and 41

Conversely because intimal hemorrhages occur 5o often without thrombosss st
has been suggested that their assocration wath thrombs 1s purely comadental
This argument 15 difficult to refute  Hawever because as many as 90 per cent of
coronasy thrombi are deposited at pownts of mtimal hemorrhage (Table VI) and
because careful senal section will often show the oldest part of the thrombus, or
a partially occludmg thrombus to lie 1n close prowmuty to the hemorrhage (as
dlustrated m Tigures 42 and 43) the factor of comudence appears to be mmprob
able

Taser VT —IncIDFACE OF INTiraL HEstorRrRIAGT In CORONARY THROMBOSIS
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Scepticism still euists on another score  whle 1t 15 conceded that an mtimal
hemorrhage may cause thromboss n certam cases, its frequency as a precipitating
lesion has not been considered by some to be impressive  Here agam some fairly
exact data can be quoted From a consideration of the evidence grven 1n Table VI
1t would appear that the mcidence of hemorrhages m any senes of cases of coro
nary thrombosis depends entirely upon the pains that are taken in scarching for
them When thrombosed segments of artenes are sectioned senally at close
tervals the incidence 15 as hagh as 90 per cent when the mterval between sections
15 greater but many sections are examined the incidence 1s approximately 60 per
cent while 1f only occasional random sections are studied the inaidence falls to
less than 20 per cent  The vanation between these results can be easily explaned
Intimal hemorrhages are often quite small and these smaller lesions can only be
demonstrated by senal section at fairly clo.e intervals  If they were usually
large and easily demonstrable by random sections I suspect that they would have
been observed and described long before 1936

From the foregoing 1t appears certam that intimal hemorrhage, or other sequelae
of capillary rupture 1s the usual precipitating lesson 1n coronary thrombosis In
the final analysis then, the factors responsible for the rupture of mtimal capil
lanies are the immediate causes of precipitation of most coronary thrombi1  These
factors are admuttedls highly debatable They will probably not be defimtely
established until they can be studied under controlled expenimental conditions
and studies of this type must await the production of end stage coronary arteno
sclerosis with vasculanzed plaques n susceptible amimals  In the meantime
there arc two schools of thought First there are those hhe Master * who regard
capillary rupture with intimal hemorrhage as a purely fortuitous event i the
course of artenosclerosis, who claim that 1t therefore cannot be predicted pre
vented or treated The second school has a more optimistic outlook, and to 1t
the writer strongly subscnbes It holds that capillanes in artenosclerotic plaques
rupture from certam defimte causes and that these should be sought for indus
triously  Some of these hypothetical factors have already been suggested 1

and they will be reviewed here briefly

Intracapillary pressure appears to play a major role in the rupture of capil
laries m artenosclerotic plaques  Intimal capillaries like the one shown in Figure
37 are pecuhar in that they lie in direct commumication with the lumen of a large
arterv i which the pressure of blood even if normal 1s relatively high appron
mating that m the ascending aorta  They are not like ordinary capillanes at the

end of a long series of arteries and artenoles which absorb much of the pressure
by fnction It 1s reasonable to assume that the pressure m intimal capillanes of
the coronary artenies will be further icreased in cases of persistent hypertension
or of temporary elevation of blood pressure from excessive exertion or emotion

The effect of exertion and emotion upon the artenal blood pressure 15 a very real
one Wit strenuous muscular exercise the svstolic blood pressure 15 said to nse
tofrom 160 to 180 mm of mercury A corresponding nise 1n the diastohe pressure

although to a lesser degree also occurs  Tmotional stress often but not always,
results in 2 simlar sudden increase 1n the systolic and diastolic pressures  For
example a case 15 on record® of a marhed 1ncrease in the blood pressure of a young
woman each time she recounted the details of 2 particularly harrowing experence

This woman showed 2 normal vanation 1n blood pressure of from 120 to 140 mm
13



194 CORONARY ARTERY DISEASE

<systolic and from 80 to 95 mm diastohc During an emotional upset the systohie
pressure varted from 150 to 180 mm and the diastohc from 100 to 120 mm
On purely theoretical grounds then, one would expect that hypertension
persistent or transient should increase the stram upon the walls of intimal capl
laries and there should be imminent danger of capillary dilatation and rupture
The pathological evidence supports this assumption ~ Coronary thrombosts 15
more common 1 hy pertensive than in non hy pertensive cases % Furthermore,
I have analysed a series of elderly mndividuals with stmilar grades of coronary
artertosclerosts and have found that intimal hemorrhages with and without
thromh: are much more numerous in those with persistent hy pertenston than
those with normal blood pressures
Intimal hemorrhages, therefore, do not appear to be merely fortuitous events
n the course of the arteriosclerotic process  Other conditions being equal they
are more apt to occur 1n hypertensive than m non hypertenstve mdniduals
From this 1t may be deduced that transient hy pertension from emotional stress
or excessive physical exercise will have the same effect 1t will favor capillary rup
ture to a degree and produce similar lestons  ‘This deduction has an obvious
medico legal application which will be discussed mn a later section of this chapter
Before leaving the subject of intracapilfary pressure, 1t should be noted that m
one respect chance may play a part 1n the rupture of capulanes in artertosclerotic
plaques Irom a consideration of Bernouile s Principle 1t has been suggested®
that the pressure within an intimal capillary will vary with the site of 1ts origin
from the artenal lumen  If a blind capillary anses at the apex of a stenosing
artertosclerotic plaque where the blood pressure 15 low but the blood flow fast
the chance of rupture wiil be less than if it anises at the edge of the plaque where
che pressure 15 high but the blood flow slow  But with either of these positions of
ongin the mtracapilary pressure should be appreciably greater in hypertensive
than n non hypertensive individuals
Other factors besides intracapillary pressure may play a part in the rupture of
intimal capillanes and 1n the imitiation of coronary thrombr  Increased capillary
fragihty 1s an obvious cause for capillary rupture and this may anse 1 vanous
ways—from local mflammatory conditions n the vessel wall from towuc influences
of a more general nature from advancing age and from inadequate nutrition
Some of these factors cannot be corrected but mnadequate nutrition can  In this
regard one thinks immediately of avitammosts C - The mode of actton of vitamin
C1s not hnown with certainty but the essential pathological change appears to be
a weakening of the capillary endothehumfrom a reduction  the amount of
intercellular cement substance On theorctical grounds avitamnosts C should
thus be a possible cause of intimal hemorrhages and there 1s some evidence that
it 15 not nfrequent 1 cases of coronary artery disease ¢ However the whole
field of vitamm C nutrition 1s still i ats nfancy and much more expenimental
and clinical evidence 1s needed before any definite claims are warranted  In the
meantme the recommendation that patients with coronary artery disease be
assured of an adequate vitamm C mtake would appear to be justified
The ngdity of the tissues which surround intimal capillaries mas also play
some part 1n preserving their integrity  Intimal hemorrhages occur almost ex
clustvely at ponts of extreme atheromatous degeneration of artertes at pomts of
¢ softensng rather than of hardenmg Presumably the lack of ngidity a;:zcmr}rlx
atous foa allows the pressure of blood within a capiliary to dilate 1ts wali to the
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point that rupture eventually occurs  Thus assumption 1s supported by the fact
that y ounger individuals with charactenstically dense and fibrous artenosclerotic
plaques and elderly persons with heawvily calofied lesions are not so prone to
intimal hemorrhages and coronary thrombs as are those 1n the middle age group
in whom atheroma 1s a stnling feature  The calcification of arteries has been
described as but another mamifestation of the general prinaple that any area of
devitalized tissue will become infiltrated with lime salts #* The calafication of
arteniosclerotic artertes may thus be a protective phenomenon  strengthemng
weakened ateas and perhaps preventing capillary rupture  But whether or not
these theoretical constderations will lead to a therapeutic approach to the pre
vention of capillary rupture and coronary thrombosis remams to be seen
Up to this point  the importance of thrombosts as a cause of coronan occlusion
has been stressed However another occlusive mechamsm by a large intimal
hematoma without a.soctated thrombosis 24 1s now recogmzed Occasionally,
these hematomata do reach massive proportions and 1t 1s reasonable to assume
that they may so stenose the lumen of the artery that sudden death or myocardial
nfarction may result At the same time, the caliber of the artenial lumen i these
cases prior to capillary rupture cannot be estimated, and thus some of the stenos
1y effect of intimal hemorrhage may be more apparent than real # Inany event
my experience has been that coronary occlusion by a massive hematoma per se1s
decdedly rare 1t accounts for less than 10 per cent of the occlusions found m a
Jarge sertes of cases which have been studied by senal section technique In two
respects however masstve hematomata have interesting chnical mmplications
Because they represent a sudden and massive hemorrhage mto an arteniosclerotic
plaque the mterval of time between the primary capiflary rupture and the result
ant myocardial 1schemia must necessarily be short  And this has a medico legal
apphication which will be discussed 1n a subsequent section
Of more importance 1s the possibihity that an intimal hemorrhage may assume
serious proportions in a patient on anticoagulant therapy * This danger seems to
have been grossly exaggerated 1 have recently had an opportunity of studying
the coronarv artenies of 8 patients who succumbed from coronary artery disease
at a time when they were recenving Dicumarol  Recently formed intimal hemor
thages were noted m each case but 1n none were they of large size  Indeed they
were mdistingwishable n their bulk from those seen routinely 1n autopsies on
patients wha had not received anticoagulants  One of the largest of the hemor
thages 1n the patients who had recetved Dicumarol 1s illustrated m Figure 39
Intimal hemorrhages which precede and cause the deposition of coronary thrombi
should be even less apt to assume serious proportions in patients who subsequently
Teceive anticoagulants By the time the drug 1s given (with the onset of cardiac
pan) all danger of excessive bleeding into an arteriosclerotic plaque should be
past
This section would not be complete without some mention of the possible bene
fits to be obtaimed from anticoagulant therapy 1 patients with recent my ocardial
infarcts  There seems to be no question that a reduction mortahty can be
achieved by this procedure which prevents the development of thrombo-embolic
complications ® However these good results have only been obtamed under
conditions of close supervision conditions which are apparently not practicable
m ordinary hospital practice In this regard a group of worhers at the Boston
Cits Hospital have reported their fatlure to obtam a reduction m mortality m
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patients who recenved Dicumarol therapy m their hospttal 7 What seems to be
needed 15 a new anticoagulant, the dosage of which can be controlled by the sim
plest of lahoratory procedures, and which 1s safer, more efficient and less expensive
than Dicumarol

PREMONITORY SYMPTOMS OF CORONARY THROMBOSIS

Although 1t has been recogmzed for some tume that an attach of coronary
occluston may be preceded by warming svmptoms, remarkably httle mterest has
been displayed in the mechanism of production of these syvmptowms, m thete
chinical identtfication and in their therapeutsc imphcations  The lack of mterest
stems in part from the fact that only some of the cases of coronary occlusion have
premomtory symptoms and in part from the hughly indefinite nature of the symp
toms themselves

Aready explanation is at hand to account tor the absence of premonitory symp
toms mn some cases In two of the three major vaneties of occlusion the sequence
of events s so fast that there 1s no time for warning sy mptoms to be recogmzed  In
acute coronary m<ufficiency the sudden urgent demand for more blood through the
madequate coronary circulation producesan effect that 1spractically instantaneous
Occluston by a massive ntimal hematoma should also develop rapidly within
the tume that 1t takes blood to clot under ordnary cenditions and again na pre
monitory symptoms would be expected  On the other hand evidence 15 gradually
accumulating that hours or dayvs may clapse between the time of mception of 2
coronary thrombus and the moment when occlusion, with 1ts resultant cardiac
pam occurs  During this mterval of ttme when a thrombus 15 growing by ac
cretion symptoms might well be produced

The hterature on the speed of formation of coronary thrombr 1s recent and
quite scant In 1935 Barnes' stated that * oc Iy coronary th by
occurs gradually the vessel not becoming completely occluded for from one to
three davs  In the following year Clark and his co workers? demonstrated the
slowly progressive character of a thrombus in 1 out of 11 consecutnve cases How
ever since that time evidence has becn obtamed that slowh produced thrombs
are the rule rather than the exception Levy and Bruen* found that the
appearance of the occluding thrombt m many cases of sudden death indicated that
they had formed hours or dayvs before the heart had ceased to beat I have ob
tained additional information by sectroning serally the entire length of coronary
thrombt from wdn iduals who died suddenly and in whom infarction had not had
time to take place  In o consecutive cases studied in this way the thrombotic
process was hours or davs in age at its pownt of inception (as determned by s
stayming qualtties or by its invasion by fibroblasts) while 1t was of a recent nature
where 1t occluded the artertal lumen # 4 Photomicrographs of two slowly grow
g coronary thrombt are shown Figures 43 and 44 and in the latter there arc

four distinct strata suggesting that precipitation had occurred 1 waves rather
than contmuously From this ty pe of evidence it would seen that most coronary
thromn are produced slowly and that when thev reach a certamn size they may
nitory §ymptoms
res:i:ul:;n]o(:rf]:rfllf\)cult\ hes mpthe recogmtion of premonttory symptoms  Many of
them are far from hagnostic they may simulate ;\ mptoms of other dfxscascs to
tung of thesr possible neurotic origin Fenl™ reported 15 cases of coronary

say not
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F16 43 —A coronary thrombus which has been lard doan an tuo distsnct lagers
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thrombosis which had preliminary muld anginal attacks preceding the chincal
prtcure of occlusion by hours or days, usually twelve to forty eight hours  The
pam was not dependent on effort or emotion It was more or less continuots and
of 2 burning and oppressive character A gradually forming thrombus appeared
to Feil to be the most probable explanation for these preliminary symptoms
Master, Dach and Jaffe*” found that premonitory symptoms were present 1n 44
per cent of 260 patients with acute coronary occlusion  In most cases they con
sisted of substernal or precordial pain or discomfort  Other prodromal sy mptoms
were fatigue weahness gastric distress, dyspnoea palpitation, nervousness and
dizziness  The sudden appearance of an atypucal angal svndrome frequently
preceded the attack of occlusion  The premomtory svmptoms usually appeared
within twenty four hours of occlusion, and they lasted for vary ing periods—from
a few minutes to several hours  Whle the symptoms were usu1lly more or less
continuous a pain free pertod sometimes supervened before the onset of the syn
drome of acute occluston  The angmal pain expertenced by these patients was
not nfluenced by mtroglycenn as 1t 1s i tyvpical angina pectonis and this has
been noted by others
The evidence at hand suggests strongly that the premonitory symptoms de
scribed by Ferl and by Master and his co workers are due to partial closure of a
major coronary artery by a gradually formmg thrombus Unfortunately the
symptoms as described are far from speaific, and there 1s an urgent need for the
development of a clear cut syndrome by whych this stage of incipient thrombotic
occlusion might be recognized It 1t could be recogmzed consistently therapy
might be dirccted along at least two lines—anticoagulant and antispasmodic
It 15 obvious that if the stage of partial closure of a coronary artery by a grad
ually formmg thrombus could be diagnosed emergency anticoagulant theraps
mipht prevent further thrombus precipitation and a threatening termmal occlu
sion might thus be aborted  Another possible therapeutic approach is suggested
by the expenmental studies of Manning and his co worhers # % They have
shown that ventricular fibrillation with generahized my ocardial sschemia and sud
den death often occurs In cxpersmental ammals when a major coronary artery 15
hgated and that thisis probably due to a generahized reflex coronary spasm which
1s mttiated by the occlusion of the arters  They have shown further that this
reflex spasm and sudden death can be prevented to 2 degree by bilateral cardiac
sympathectomy by svmpathetic wnhibiting agents and by certam coronany
antispasmodic and vasodilator drugs  Of these latter agents 1t 1s of interest to
note that intravenous ethy! aleohol admumstration 15> by no means the least
effective  Thus f premonitory symptoms of caronary thrombosts could be recog
mzed emergency therapy along some of these lines might prevent reflex coronary
spasm and sudden death 1f and when termunal occluston occurs
Tn the forepoing the assumption has been made that the s0 called premonttory
svmptoms of coronary thrombosis are due to wcomplete closure of an artery by a
gradually forming thrombus  However 1t should be mentioncd that another
mechanism has been suggestcd  that the symptoms are due to the irnitation of
afferent nurve endings in the artertal wall from the tenston produced by an intsmal
hemorrhage?  [his mechamsm appears umprobable for two reasons nerve
dings have never decn demonstrated m the intimal layer of artenosclerotic
o s and evidence has been obtained that patients who show ordinary dis
2::::cmnmal hemorthages of their coronary arteries at autopsy without awso
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aated thromby, have not complained of sy mptoms of the prumonitory varity dur
ing lfe

THE RELATION OF STRESS TO CORONARY OCCLUSION

The posuble relationship of excessive physical exertion ot emotion to the pto
duction of coronary occlusion has recently been the subjcct of widespread debate
and conjecture  The situation has been confused by the results of purely chmcal
studies dealing with the activities of patients at the time they develop the syn
drome of occlusion  Because many patints are at rest or asleep at the time of
onset of catdiac pain 1t has been argued that excessive exertion or emotion 1s not
a factor 1 the production of corenary occluson *  These claims, however are
based on the assumption that all occjudmg lesions of the coronary artenes are
mtiated and produce their full occluding effect within 4 very short space of time—
an s umption which 1s not true for coronary thrombi #  The subject has 1mpor
tant medico lgal applications particulatly 1 Workmen s Compensation Board
cases 1nd an attempt will be made m this section to clanfy the position from the
standpoint of the pathologist  [he crux of the matter may be stated in the follow
g hy pothetical case

A sixty year 0ld man apparently in good health and employed 10 a sedentary
type of work 1s ordered by tus employer to do a job which called for an unusual
and for im an exhausting expenditure of energy  He does the work and atits
completion he complains of severe chest pamn collap.es and dies within a few
minutes  The question s washisdeath the direct result of hus unusual physical
exertion or not?

An autopsy 1s carried out the cause of death 15 laid to coronary artery disease,
and depending on the lesions noted the following views m my opimon may be
expres ed

1f the coronary artenes show an extreme grade of artenosclerotic stenosis bt
1o occluding lesion 1s found death can be attributed to acute coronary msufficiency
the direct result of the unusual physical exertion  Thus opimion 1s supported by
the authontative anatomical studies of Blumgart Schlesinger and Dawis* who
have shown that artenosclerotic stenosis of the coronary artenes 15 compensated
for by the development of a collateral cirenlation and 1s not nconsistent with an
efficient blood supply to the heart under ordmary conditions of lfe  However if
the nutntional demands of the myocardm exceed this normal level as they may
with the mcreased heart worh which results from severe exertion an imbalance
may be created which eads to myocardial 1scherma In my opraton this mechanism
ts beyond all argument

If autopsy ruveals that rather rare lesion a massive imtramural hematoma
which occludes the lumen of 2 major coronary artery death can agam be faid to
the unusual physical exertron  This opimion 15 bastd on indirect evidence but it
seems to have been accepted by most workers i the field @ #% The argument
runs as follows  excessive phvsical ¢xertion wsually results 1n a transicnt 6 e in
blood pressure the increased artenial pressure 1s reflected nto mtimal capillanies
of an arteriosclerotic plaque the capillanes dilate and rupture anda massive mtra
mural hematoma is formed  Because the formation of the hematoma 15 probably
rapid withon the time that 1t takes blood to clot the interyal between capillary
rupture and coronary occlusion should be short and thus consistent with the time
refationships 1 the case under discussion
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thrombosts which had prelumnary mild angmal attacks preceding the chmcal
pitcure of occlusion by hours or days, usually twelve to forty eight hours The
pan was not dependent on effort or emotion It was more or less continuous and
of 2 burmng and oppressive character A gradually formmg thrombus appeared
to Feil to be the most probable explanation for these preliminary symptoms
Master, Dack and Jafle'? found that premonitory symptoms were present 44
per cent of 260 patients with acute coronary occlusion It most cases they con
sisted of substernal or precordal pain or discomfort  Other prodromal sy mptoms
were fatigue weakness gastric distress dyspuoea, palpitation nervousness and
dizzmess  The sudden appearance of an atypical angmal syndrome frequently
preceded the attack of oclusion  The premonttory symptoms usually appeared
within twenty four hours of occlusion, and they Jasted for varying periods —from
a few mimutes to several hours  Whle the symptoms were usually morc ot less
continuous a pam free period somettmes supervened before the onset of the svn
drome of acute occluston  The anginal pain expertenced by these patents was
not nfluenced by mitroglycerin, as 1t 1s 1n typical angina pectons, and thus has
been noted by others
The evidence at hand suggests strongly that the premonitory symptoms de
scribed by Ferl and by Master and his co wotkers are due to partial closure of a
major coronary artery by a gradually formmg thrombus Unfortunately the
symptoms as described are far from speafic, and there 15 an urgent necd for the
development of a clear cut syndrome by which this stage of incipient thrombotic
occlusion mught be recogmzed  If 1t could be recognized consistently therapy
might be directed along at least two hnes—anticoagulant and antispasmodic
1t 15 obvious thit 1f the stage of partial closure of a coronary artery by a grad
ually forming thrombus could be diagnosed emergency anticoagulant therapy
mught prevent further thrombus precipitation and a threatening termnal occlu
sion mught thus be aborted  Another possible therapeutsc approach ts suggested
by the expenmental studies of Manmng and s co workers 3% They have
shown that ventricular fibrillation with generahized myocardial 1schemsa and sud
den death often occurs in experimental ammals when a major coronary artery 1s
hgated and that thisis probably due to a generalized reflex coronary spasm which
15 imtated by the occlusion of the artery They have shown further that this
reflex spasm and sudden death can be prevented to a degree by bilateral cardiac
svmpathectomy by sympathetic inhibiting agents and by certun coronary
antispasmodic and vasodiator drugs  Of these latter agents it 15 of interest to
note that intravenous etinyl alcohol admimstration 1 by no means the least
effective  Thus 1f premonitory sy mptoms of coronary thrombosis could be recog
mzed emergency therapy along some of these lines might prevent reflex coronary
spasm and sudden death if and when terrunal occluston occurs
In the foregoing the assumption has been made that the so called premonitory
symptoms of coronary thrombosis are due to incomplete closure of an artery by a
gradually formung thrombus However 1t should be mentioned that another
sechanism has been suggested  that the symptoms are due to the wrritation of
afferent nerve endmgs in the artenal wall from the tension produced by an mtimal
This mechamsm appears improbable for two reasons ncrve
ver deen demonstrated in the ntimal laver of artcriosclerotic
donce has been obtamned that patients who show ordmary dis
hages of thewr coronary arteries at autopsy  without asso

hemorrhage
endings have ne
artenies and ev
crete imtimal hemors!
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But 1f autopsy reveals an occludmy, thrombus, an entitely different opinion
should be grven and 1t 15 based on the fact that most coronary thrombr are pro
duced slowly 74 A careful serial scction through the occluding mass should
have been made and 1t will probably reveal that its oldest portion was mitiated
hours or day s before the workman collapsed and died  In these eircumstances,
the opinton should be that the relationship between unusual exertion and sudden
death was probsbly comncidental that the terminal thrombotic occlusion would
have been just as apt to occur while the workman was at rest or asleep Indeed,
wm the presence of a gradually enlarging corenary thrombus one suspects that
the reductton m coronary blood flow which occurs with rest 1s conductve to the
final occlusion  If true 1t explains why <o many cases of coronary thrombosts
die i their sleep ¢

From the foregomg 1t 1s evident that the demonstration of a relationship be
tween stress and fatal coronary artery disease demands an expert and searching
pathological examimation 1t calls for more technical work than can be supphed by
most clinical laboratortes  With even a cursory type of exammation, however,
one mught argue that the demonstration of a coronary thrombus of any age 1m
phes that some part of 1t was initiated hours or day s beforc the onset of cardiac
pain and that the activities of the individual just prior to the onset of pain were
probably comnadental

When no autaps)y 1s performed or if the v orhman survives a bout of cardiac
mfarction which began at a time of stress one s opinion can only be based on
probabaties  \pproummately two thirds of all myocardial infarcts* and one
half of those 1n men under the age of thirty five 5 are due to coronary thromby
Thus 1f a workman develops a non lethal infarct 1n the course of his work there
1s at Jeast an even chance that a coronary thrombus was at fault, and that this
thrombus was probably mitiated hours or days previously

It must not be inferred from the above that coronary thrombr cannot be
nihated by stress through the mechamsm of capiflary rupture and mtimal
hemorrbage This hypothests still holds, but the time relationships will be quite
chfferent from those 1n the case under discussion  The unusual physical exertron
expertenced by the workman in question could have produced a small inttmal
hemorrhage and this m turn mught eventually have iitiated a thrombus  How
ever the thrombus would not have been apparent chmcally for hours or days
after the period of excessne exertion and dunng the mtersal other tvpes of stress
not rlated to work mught have been the cause of the pnmary capillary rupture
In my experience it 1s extremely difficult to establish a relationship between a
particular bout af stress and a particular mtimal hemorrhage of ordmnary size
even with the most searching ty pe of pathological exammation  If the age of the
hemorthage agrees with the wterval of time between the stress and death one
can state that there may be relationshup but ths should be qualified by the admis-
son that any other type of stress occurnng about the same time mught havc
becn equally at fault

RLELRENCFS
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Proved at Autop v Arch Int Med 55 457 1935
2 n;‘i;ﬂs\?”lﬁ).\\?; ov J D ond RFwpai F E Regression of Lesons an Canine

Path 51 298 1951
3 BAﬂi?\‘:;ciiw’B‘sa:;c;Hsﬂl\GER J A TIrodromal Fam in Coronary Occlusion Am Heart
L1

7 20 141 1940



Chapter

8

THE PROBLEM OF CARCINOMA IN SITU WITH
REFERENCE TO THE HUMAN CERVIX UTERI

By Letanp D Stoppirp, M D

IntrRODUCTION THE EarLy DETECTION OF NLOPLASMS AND THEIR
ORIGIN In FIELDS OF ADNORMAI SURFACE RPITHELIUM

THE problems of neoplastic disease today occupy an increasing share of physt
cans’ attention because in the Umited States tumors account for about { mn 7
deaths 11947), as contrasted with only 11 25 m 1960 ¢ That neoplasms now fol
low only cardiovascular diseases as a cause of death 1s 1 part a reflection of the
decreased death rate from infectious diseases and of the mcreased proportion of
out population forty vears of age or older the age group in which neoplasms most
frequently are found  As long as a prosperous econom) permuts by gienic hving
conditions and wide apphication of saientific research, epidemiologic and chemo
therapeutic successes over mfectious diseases will ¢nable more individuals to
reach this older age group  General concern about this growing problem s evident
m the large sums spent from public and private funds for research and for pro
fessional and lay education in neoplasia  Detection of tumors has become a
problem 1n public health

The current cancer campaigns quite correctly stress that treatment sill more
likely be successful 1f a turor 1s apprehended 1n an early and locatized stage of its
development  This 1s espeaially true of the malignant epithehal neoplasms the
carcinomas and will continue to be true aslong as successful treatment depends on
either surgncal removal of all malignant cells or their destruction by an agent such
as roentgen ravs  Although the growth rate of certain tumors has been partally
controlled chemcally notably prostatic carcinoma with estrogens 1t seems un
hkely that fully developed carcinomas will be halted by such means 1n the pre
dictable future  Direct attack on etiologic agents 1s not promising because of
the pecuhar relationship of neoplasms to known carcinogenic stimuli both expen
mental and chinical Tumors may anse from fields of cells which have been
«xposed to a carcinogen 1n the distant past and in which the agent may be stored
for vears or may cease to be demonstrable For example arsenical heratoss and
squamous carcinoma notonously follow the adminmistration of some arsenical
compound years before  Or 1n the case of mouse¢ shin carcinoma induced by
repeated punting of methy Icholanthrene the neoplasm once established no longer
requires painting for cantinued proliferation and repeated transplantation  Such
reactions stand i obvious contrast with sy pneumococcal pneumonia an
exudative mflammatory reaction which proceeds in the presence of the orgamsms
and terminates when they have been destroyed In addition the wide range of

(203)
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The Field Concept of the Ongin of Neoplasms —The deselopment of
carcinoma 1n situ and 1ts relationship to invasive carcinoma 1s best understood by
studying the histogenesis of different hinds of epitheltal neoplasms  \am
observations potnt to therr beginming as a field of abnormal epithelum  The
gross appearance of the field varies and often 1ts hmits can be determned only
by mucroscopic examination  The size of the field may be small or large  The
histologic evidence of abnormal grow th within the field ranges from unobstrusive,
hy perplastic thicheming of the epithelium to flagrant cj tologic aty picality that1s
usually considered charactenstic of mahgnant neoplasms  Sometimes epithelial
atrophy 1s the most important abnormality It 1s not possible to specify the
morphologic details of such fields apart from a discussion of mdividual hinds of
tumors because each kind exhibits peculiar features The common feature in the
Instogenesis of most carcinomas ansing from epithehal surfaces 1s restrction of
the prohferation to the natural epithelial surface as long as the reaction 1s mn the
stage of hyperplastic transformation of the epithehum  \When assessed by mor
phological techmques the transitions from hyperplasia to neoplasia are gradual
and msidious  Later within this field of abnormal, hyperplastic epithelium in
vasion of underlying stroma may occur in one or many focr  Even then however
1t seems possible that the surface field may continue to expand by the progressive
mcorporation of transformed contiguous epithehum  Once nvasive buds and
pegs have penetrated the stroma the tumor 1s prepared to enlarge by ir*nnsic
growth and to continue invading surrounding tissues  If this stage of activity 1s
attamed the neoplasm s entitled by classical pathological criteria to the designa
tion “carcinoma  for as Nicholson® has pointed out ‘ The character which can
fairly be said to distingussh all tumours from somatic tissues and organs 1s want
of orgamismic control —surely mtended by him as a description net an explana
tion  The gross configuration of 2 neoplasm 15 of course vanable but in time
there often 1s a mass of new tissue formed by coalescence of downgrowths and by
exuberant projections from the surface—in short a perceptible tumor or swelling
Further extension of the tumor through Iy mphatic and vascular channels 1s pos
sible after the tissue spaces of the connective tissue stroma hayve been mvaded
The abundance of metastases 1s undoubtedly a complex function of the extent of
lymphatic and vascular mvasion the anatomical configuration of lymphatic
connections and vascular dramage and the ability of carcinoma cells to survive
m the blood stream and in distant tissues and organs

The Multicentric Onigin of Carcinomas 1n a Field of Epitheltum Treated
Expenimentally With a Carcinogen —It 1s instructive to follow the sequence
n the development of squamous carcinoma 1n an area of mouse shin treated ex
penimentally with a carcinogen such as benzpyrene  Since the dosage and the
genetic composition of the animals can be controlled in the experiment  the sched
uled sacnfice of animals permuts observations at progressive stages of the disease
According to Gluchsmann “ a single apphication of benzpy rene produces epilation
hyperplasia and squamous differentiation of the epiderrms  which 15 normalhy
only two cells thick n the mouse  Cellular degeneration and pre ulceration
occur duning the first twenty four hours and are followed by hy perplasia resulting
from mcreased mitosis 1n the superhctal eptdermis  Repeated weekly application
of the carcinogen maintains the nperplasia and after forty -eight to sixty days
papillomas appear 1n the area  Some of thes. papillomas are ¢y stic and invagi
nated others are clevated Microscopically they are made up of parthy keratin
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stimuli—chenmcal hormonal, irradiatrve, viral~known, or reasonably suspected,
to be capable of elicitng a neoplastic prolferation further comphcates chnical
control It seems reasonable, therefore, that extirpation of mctprent and early
tumors will continue to offer greatest hope i the trcatment of human neoplasms

Insistent demands that carcinomas be recognized, perthaps anticipated m therr
early stages have focused attention on the lesion called carcnoma m situ For
more than forty years the lesion m the uterme cervic has been recogmzed and
interpretation of it has been debated for more than twenty five vears, especially
mn this country and in Germany  The lesion 1s identified by mucroscopy and can
be defined as an epithelial prohferation connined to surfaces but exhibiting to a
greater or lesser degree the c) tologic characters of obviously invasne caranoma
The vaniety of designations given by authornities to this bislogical state of actwvity
suggest vanious mterpretations of its sigmficance In addition to carcinoma 1n situ,
the following may be mentioned non nvastve carcimomatord change ™
creasngly atypical cervical eprthelium,® non mvasive intraepithehial carcinoma,®
or intraepithehal carcimoma non mvasive carcinoma,® pre mvasive carcnoma *
mapient carcinoma * early carcmoma ™ In 1910 Rubm™ presented in the
Amerncan literature an accurate description and sllustration of the leston  Further
he proposed that ¢y tologic aty pism 1s an adequate criterion of malignancy evenin
the ab.cnce of mva ton of underl ing stroma  Rubm s early study belongs with
a small group of classic observahions published m the German hterature just before
1910 Almast twenty years later Schuller'® M concluded from his extensie mves
ugattons that he was able to recognize the lesion by histologic examnation and
he repeatedlv nsisted that such superficial proliferations be Jabeled carcnoma
thus ehmmating their ambigaous status  Mey er® supported the same vicwpomnt
However others have contended that a caranoma 1s recognized by 1ts behavior
namely nvasion and destruction of neighboring tissues and distant metastasis
via lvmphate and vascular channels  Meyer recounts mn several places s
debates with distinginshed German pathological anatomusts who took that post
tion  Those who are mterested i the personal side of this argument will find
interesting comments in Dr Meyer s autobographical recollections ®

1t 15 unfortunate that such 1t 1s mahgnant — 1t1snot mahgnant arguments
often deprct neoplasia 2s a predetermined condition and thus hinder an under
standing of the dvnamic devclopmental aspects of the prevess It is understand
able that those who must treat a patient would prefer to know whether or not
a rarcmoma 1s present but an mvastve carcinoma does not suddenly anse today
m an area that was entrrely normal yesterday Smce the devilopmental stages
antecedent to wmvasion have become recognized well mtended demands for earh
evtirpation of neoplasms have been extended to mclude them too But the recog
mtion of these stages such as caranoma 1n situ or leukoplahia or hvperplasia
with atvpuahty raises problems in determuining for each kind of lesion the fre
quency of progression and imvaston  Discriminatmg morphological chemical or
cypenmental tuchniques for predictmg the outcome of each individual case would
be tughly desirable but they are vet an asprratton for the future  These pml‘))cms
are not solved —thet are 1pnored —by sumply labeling caranoma i situ as” car
anoma’ and then assuming that 1t should be treated hike carctnoma

It wifl be worthwhite to shetch the morphogenesis of certain epx;hclxal neo
plasms expunmental and buman before considenng the ongin of squamous

caranoma of the cervix in detait
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Willis s studies clearly demonstrate the field ongin of epidermal squamous
carcinomas and do not support speculations that these tumors anse from a single
cell or small group of celis His obsernations can readily be confirmed 1n ans
pathological laboratory receiving surgically excised dermal tumors If hyper
plastic Leratotic lesions such as semile heratoscs or atrophic lestons ke those of
discard lupus erythematosis are also examined stages of carcinogeness even
earlter than the ones depicted by Willis can be found  As he has illustrated, small
carcinomas msensibly merge with hy perplastic margins of epithelium which sends
deep and 1rregular pegs into the conum  The central portions may present a var
tety of gross forms—imyaginated craters with rolled marmns, elevated papillomas
hyperkeratotic verrucae or horns but all are characterized by exaggerated hyper
plasia and deeper blunter pegs extending into an inflamed conum  Although the
central tumor usually 1s well differentiated 1t exhibits the greatest degree of
cvtologic atypism and dysheratosis  The bulk of the tumor increases by mtrinsic
growth of downward projections marginal undermiming upward projection and
probably by conversion of the lateral hy perplastic field to neoplastic epithehum
Invastve foct in the field are usually multiple and often penetrate the stroma in
areas of degenerated elastica  The determination of just what constitutes invasion
can, no doubt be debated but I have found a useful cntenon that 13 apphe
able to quite small growths as well as to large ones  Within the hyperplastic
field appear buds of well differentiated polvhedral cells which push into the stroma
and are not surrounded by a layer of basal cells The juxtaposition of larger
polvhedral cells and stroma would seem to be acceptable evidence of abnormal
relationship of epithelum to connective tissue although there are exceptions to
therule Torexample regenerating epithehal cells at the very margin of an ulcer
or extending along the floor of an epidermal dermal bulla may not have the charac
tenstics of basal cells

Squamous cell carcmomas of the lip develop in the same wav  These tumors
mperceptibly fade into a surrounding hyperpla tic 7one from which there is no
sharp demarcation  In a case desenbed by Willis %% a field of ongin including both
vermihon border and buccal epithehum was clearly indicated because the mvasive
pegs from the eprdermal side were acanthomas better differentiated than those
from the buccal portion

Wilhs'™ has also llustrated widely separated mnvasive focin large carcinomatous
surface fields arising m chronic ulcers and in burn sears  In such cases the lesions
differ from the smaller tumors ouly m the extent of the hyperplastic field and 1n
the fact that the multiple mvasive carcinomas may be widely separated  The
duration of the hyperplastic stage 15 often very long the mcaidence of mvasive
carcinomas developing n such fields 1s fow and their progressis slow  Certamly
hyperplasias of this hind seldom progress to neoplasia but whether this progres

sion when 1t occurs depends on some additional stimulus 15 not known  One
naturally asks whether there are surface hyperplasias essentially bemgn but sus

ceptible to neoplastic conversion contrasted with others destined for a malignant
career from the outset

In a consideration of the multicentric ongin of neoplasms multiple focs of inva

sion within a contmuous field should be distingwished from multiple discrete
felds  In the cases just mentioned multiple invasive foct can be demonstrated
within a circumsenbed  uminterrupted field of hyperplastic epithelium The field
18 often identified by an clevated hyperplastic lesion with gentlv fading acanth



206 PROBLEM OF CARCINOMA IN SITU

1zed excrescences and downward projections  The hyperplasta insolves not only
the superficial epidermis but also the harr follicles which are transformed mto
elongated interpapillary processes Lateral extencion of the papillomas occurs by
progressive margmal change  Some papillomas regress and others persist  As
early as the seventieth day, malignant foct appear both m gross papillomas and
mn mtervening arcas  These foct are marhed by an increase 1n mitosss, an
ncrease in the proportion of resting, or undifferentiated hasal cells (anaplasia),
an ncrease m volume of cytoplasm, nucleus and nucleolus, and by 1nvasion
of underhving stroma In Glucksmann’s experimental tumors as 1n mam
human neoplasms the underlying stroma was altered by inflammatory re
action and dissolution of basement membranes, but with the use of a switable
solvent for the hydrocarbon inflammation 1s nat a necessary accompariment of
experimental carcmogenesty # Invasive foct may coalesce 1in time It 15 worth
emphasizing that the reaction n the treated area 15 generalized although vaniation
10 1ts Intensity produces focal tumors, that multiple i asive foci often anise m an
ammal and that Glucksmann found no merphological evidence that the changes
resulted from rapid proliferation of a single cell

This model for the histogenests of squamous carcinoma expcrimentally produced
i mouse shin could be taken with some vanations from the observations of
Orr # Cowdry and Paletta,’> Cramer and Stowell's and others Although we
have depicted the process as one of steady progression without demonstrable
boundary between hyperplasia and neoplasiz some investigators consider that
the events of carcmogenesis are discontinuous  Cramer and Stowell' pomted out
that 1n a wide field of hy perplasia induced by repeated apphcation of methy!
cholanthrene stationary hyperplasta was the rule whereas progression to car
cnoma Dhe regression was less frequent  Although the carcinomas they pro
duced were restricted in area the tumors seem best understood as prohiferations
developing oser an area of epithehum rather than from a single cell  They too
reported the development of independent neoplastic foc in a grven animal

Presentation of this example from experimental oncology to illustrate the field
origin of carcimoma does not mmply that the particular carcinogen 1s important 1n
the causation of cervical carcinoma in the human betng  Nor does tt umply that
the cytochemical alterations demonstrated in the experimental condition are
known to hold equally for cervical carcinoma  In fact 1t mav be doubted that
the fundamental process in such acute experiments 1s analogous with the develop
ment of a surface teld of lughly abnormal epithelium that remains non tniasive
for a long tsme  In similar cxperiments with methy Icholanthrene Murphy * has
produced transplantable squamous carcinoma of the cervix and vagina of the
mous.  But in onhy a single mstance was a field of atypical surface epithelum
resembling human m situ carcmoma produced  Generally the carly focal lesions
were already mssive

Examples of the Field Ongin of Certamn Human Carcinemas —Does
similar conversion of a field of surface epithelium to a pre imasive hy perplastic
¢ state occur 1n the histogenesis of human carcinomas’ Thisisa eritrcal
because 1t 15 often asserted that a tumor has a unstemporal unicentric
m a single cell or a few related cells and that it enlarges by dnasion of 1ts
e shall confine our constderations largelt to certain lustrative
face epitheha

neoplastt
question
ongm fro
smtrinsic cells
carcinomas ofignating 1n sur
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vaswve foor within the field  This observation 1s also true of the cerviv - But n
contrast with vulval and other well keratimzed epithelta, leuhoheratoses of the
portio epithehum seldom are fields from which carcinoma develops  This fact
that cervical leuhoplahia i1s usually benign has been repeatedly demonstrated
1t 15 not our purpose to review here all the evidence supporting the concept
that 1 the human betng caranogenesis ts frequently a two stage process volving
hy perplastic neoplasttc transformation of a field of normal eipthelium followed
by ncreasingly mtnnsic gronth of the tumor, invasion and dissemination No
mention has been made of the histogenesis of adenocarcinoma of the colon and of
the endometrium  Both neoplasms provide striking examples of this mode of
ongin  Adenocarcinoma of the colon often anises in a polyp covered with atypical
epithelum and «ndometnal carcinoma 1 a field of hyperplastic endometrium
In the dlummating studies made possible by full histologic sections of breasts
Cheatle and Cutler* found that areas of intraductal epithehum undergo neoplastic
hyperplasia in situ and that along these surfaces imasion may occur at one or
more sites  There 15 not space to cite examples from parenchymatous organs
such as the lner where primary hepatic cell carcinoma 15 often preceded by
prolonged regeneration 1n airrhosss  Wills™ has stressed the deselopment of
manjy neoplasms from helds of transformed epithelium and has critically discussed
shortcomings of the concept of a strictly umfocal ongin  One mas converuently
refer to hus bibliography for many of the observations supporting the concept of a
field of ongn they are not new One can only suppose that the inchmation to
1gnore or to explain away such observations stems from an attitude of censure
toward a fully developed mahgnant neoplasm The destructive invasion of an
advanced carcinoma 1s so different from the results of normal cellular activities
that the havoc 1s conveniently blamed on a new race of cells deriving from a sudden
mutant Th sdea 1s not supported by thorough histologic investigation of the
developmental phases of many carcinomas  This s the case with squamous cell
carcinoma of the utenine cervix
The Development of the Concept of the Field Ongin of Cervical

Carcinoma —Dunng, the past half century evidence accumulated from a number
of independent imvestigations strongly suggests that mmvasne squamous carct
nomas of the cervix uten arse in surface fields of atypical hyperplastic epithehum
which have been present for vanable pertods of time  Histologic obseryations on
exaised material have quite often been advantageously correlated with gross
observations in the course of repeated clinical examinations  For these contribu
tons to an understandng of caramogeness in the human cerviv we are largely
indebted to gynecologists and gynecological pathologists interested in the earh
diagnosis of utenine carcinoma We have already noted that Rubin recognized the
field origin of cervical caranoma and he discovered Iy mphatic mvasion from the
surface field ™ In 1908 two years earher Schauenstein '° comparing 4 cases
depicted a stage of cervical caranoma in which a coat of aty pual squamous ept
thelium was spread over the surface and 1n glands and a later stage 1n which there
was deeper mvasion He thought that there were only quanutatne differences
n these stages of one and the same malignant neoplastic growth procuss A
vear later Pronai®® presented 3 simlar cases  In summanzing his study on
the histogenesis and growth of uterine carcinoma he plamh stated that 1t was
hardly necessary for carcinoma to begin alnay s from embry onal rests (Cohnheim)

or displaced epithelial cells (Ribbert), but rather i some cases the surface ept
14
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otic, hy perkeratotic margins not clearly demarcated from the central acanthoma
But in conditions such as xeroderma pigmentosum arsenical keratoss and recur
rent epitheliomatosts of the exposed surface of fair complexioned persons, mul
tiple dscrete tumors occur 1 an extensive area of epithehum which seems to be
potentially prepared for neoplastic transformation  Although thus 1s 2 proper
distinction mucroscopic study sometimes discloses that apparently discrete lesions
actually e foct of cxaggerated activity 1n a general field of morphologieally
atypical hyperplastic epithehum  This 1s often true of vulval leukoplahia and
early carctnoma  The same might be sasd, too, of & ray dermatitis in which the
recurrent development of gross tumors mn a field of aty pical epithelium 1s a matter
of common evpenience All these examples are, however less akin to cervical n
situ caranoma than i» another category of epidermal field changes
This second general group of dermal neoplasms 1lustratcs a field of ongin more
comparable to cervical carcinoma n situ because cy tologtc atypism rather than
acanthosts and hyperkeratosis 15 the paramount charactenistic  The group m
cludes Bowen s disease Paget > diseaseof the mipple and ery throplasiaof Quey rat
It 1s the strihing cytologic atvpicahties within the field which set these lesions
apart Whereas the early carcinomas and heratoses previously described present
as well differentiated acanthomas cxaggerating the normal pattern of the epider
ms, the latter dysheratoses arc marked by a full thickness of densely pached,
highly abnormal cells exmbiting nuclear hyvperchromatism, vanabihty and a
typism and premature heratinization of individual cells the ‘ gramns”  There
may or may not be evidence of supcrficial paraheratosts and hyperheratoss
Although certain chimcal findings and certan mstological details such as the clear
cells of Paget s disease, may justifv separation of the group mto entiics the
essential pomt in all 15 that a field of surface epitheltum 15 converted to an area of
Iughly vauable epithelium exhibiting the cellular atyprsm of carcinoma  This
epithehum confined by natural boundanes mav persist for vears as i Bowens
disease and then be followed by mvasive carcanoma 1n the area As far as the
princrple of histogenests 1s concerned 1t 1s not important that the field in Paget s
dhsease includes the large mammary ducts as well as the nipple, and that invasive
carcinoma arsing n the field resembles other carcinomas of the breast and
metastasizes to axilary hymph nodes  In this group too the field may be con
tinuous or discontinuous
The accurrence of multiple foct of myvasion within a field of prepared epithelium
15 common to all the lesions discussed thus far but the histologic charactertstics
of the field have prompted a division mto an acanthotic group and 2 less well
differentiated or anaplastic group with more obvious cvtologic atypism  But
this dichotormy 1s not abeolute  For example the atypicahity found in some semie
eratoses causes them to resemble Bowen s disease 1 uhal carcinomas partic
ularly txmbit great vaoation m morphologic composition of a single wide
field Portions of the fuld may be parakeratotic and heratotie leukoplakias n
which verrucous excrescences develop and other areas fess conspicuous grossly
may resemble Bowen s dvsheratosts 1f many blocks are routmely prepared from
such lesions there s often na difficulty 1in demonstrating invastve foa throughout
the field wre pectine of the basic (ytologic pattern or degree of dnﬂercn)narna):m
11y the .ame situation can be found n carcinoma of the laryny and of the
Exac 1t 1 clear then that the degrec of differentiation of the surface fickd
{)T;f: encv determuung relationship to the appearance ot non appearance of m
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Although progressie degrees of cytologic atypism leading to fully developed n
situ carcinoma will be discussed later 1t s convement to restnct the present
descnption to lesions 1n which the cellular aberrations are ke those seen in ob
\iously mvasnve caranoma  Indeed 1t 15 often said that the o tologic alterations
In 1 situ carcmoma and 0 mvasive carcinoma are identical but evidence will
be presented to show that this1s not alwavs true It 1s appropnate to refer here
to the report of Rubm His description and drawings need not be changed n
am matenal way to llustrate the essential oy tologic abnormalities w a surface
field of carcinoma m sty In describing s 3 cases he agreed with a few carher
observers that the atypical epithelium presentcd the following * outspoken ab
normalities

‘1 An mdistinct uncertain definition of cell outline particularly i the deeper
1avers (germinal prohicrating)

2 Thepresence of irregular, large intensely stamned nucler occasionally grouped
1n clumps

3 No definite stratification only partial parallelism of the basal cells (more
often they arc seen to be wregularly disposed or at a slant toward the tumca
proptia)

4 The marked nuclear granulation This sign deserves special attention be
cause icrording to Schottitender  1isveny frequently seenin carcinoma which
has not yet undergone cornification ’ ¥

Fundamentally the lesion 1s recognized by the nuclear abnormahtics of the
epithelial cells Densely granular chromatin, in contrast with normal fineh
powdered chromatin filis enfarged round or oval nucles A considerable degree
of nuclear umformty 1s typical but some lesions present obvious vanability m
nuclear size and shape “Mitoses usually are found m abnormal numbers and
sigmificantly may appear well above the basal row on occasion they are abundant
but not necessarily in all parts of the field Mucleols are promment

The cronded nuclear population attracts attention to this abnormal surface
layer when it 1s viewed with low magmfication  Itis usually about the same thich
ness as the normal portio epithelum  Often undifferentiated cells contaimin,,
hittle cytoplasm and hyperchromatic nudler slanting toward the base are um
formly packed throughout the entire thichness Sometimes such an epithelial
coat 1s surmounted by a superficial parakeratotic layer of cells with conspicuous
pyknotic nucler and bnghtly eounophibic cytoplasm (Fig 45D)  This differ
entiation 1= abrupt so that the ¢longated cell bodies 1n the parakeratotic zone run
ning at nght angles to the long axes of the undifferennated cells below dnade the
emithehum nto tno distinct zones  In other cases there mav be three zones
cau.ed by an intervemng middle laver of differentiated polyhedral or prickle
cells contaimmg more cy toplasm than the cells in the undifferentiated basal laver
beneath (Fig 45F) It can be seen therefore that the abnormal epithelitm can
not always be recogruzed by fmlure of differentiation for the degree of differ
entiation 1s inconstant  Two further vanations in the field are encountered
occasionally At times only the lower half of the epithelum 15 composed of ab
normal cells and sometimes even though 1t 1s abnormal from base to surface the
cpithehal coatys thin Tt1s doubtful that these are conseque ntial vanants because

they can accompany the conentional lesion

Schiller® studied 1n detail the mtracellular vacuoles that stand out at times

(Mg 45E) He took them to be both patanuclear and mtranuclear and found
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thelum transformed 1tsell dircctly mto carcnomatous epithelum  In
1922 Martzloff®® presented an excellently documented report of a case
m which only a small focus of carcinomatous nvasion was found m an exten
sive surface field  These observations and the inferences to be gathered from the
volummous studies of Cullen'? and of Schottlaender and Aermauner!®® seem to
have been lost sight of  For example, Wespi™ says of Hinselmann s studies 1n
the 1920 s

¢ when [he} constructed his colposcope for the mvestigation of the early
forms of cervical cancer, he started with the idea which at that time was generally
accepted namelv that the early formisakind of miniature of the advanced cancer,
that 1s, a small carcinoma node  He himsell, was quite surprised when he found
an entrrely different mode of development Hinselmann discovered that the
expected little cancer nodes appear very seldom as early stages of carcinoma but
he found increasingly atypical [surface] epithelium comparatively frequent In
other words the first phase of cancer growth 1s only < tologic change w the
cervical epithelum, an epithelial change expanding on the surface ’

Schiller's detailed studies of cervical carcinoma seem to have firmly estabhished
the 1dea of a two stage development of the neoplasm  His lectures i this country
served to call attention to the mdependent observations of Pemberton and Smuth®
which supported this same concept  Mever too, endorsed surface carcinoma as
an early pre mvasive stage of genume carcinoma and Hmselmann® placed him
self bestde Schiller and Meyer  From what has alreads been sard 1t 1s expected
that Martzlofi"*~13 recogmzcd atypical surface epithchum as a possible stage n
the development of 1nvastve carcnoma but taking a more restrained view, he
id not label it out ri,ht carctnoma Other contributions have been made to
a number of 3 hich there will be accasion to refer

In the discussion to follow we shall be concerned largely with the identification
and histogenesis of the.e i situ fields of surface caranoma and the evidence which
points to them as a stage n the development of imvasnve carcinoma Even though
special conditions and variations that apphy to the human cervic must be con
stdered 1t has already been mndicated that the same general prnaples of car
cinogenests apply to other anatommucal sites especially epithehal surfaces  We
shall note that mucroscopic invasive lestons occastonally have been found n
cervical eptthelium which does not have the ¢y tologte charactenstics of caramoma
i sity As the discusston develops we shall inquire how far available evidence
suppaorts the 1dea that 1n a field of aty prcal epithelium progression to an imvasne
destructive disseminated growth 1s mevitable the problem of reversibibity and
regresston of the lesion m question will also be dealt with In proper place certam
npcnmental data which contribute to an understanding of cervical i situ car

anoma will be referred to Einally we shall consider the relationship between the
pathogenesis and the detection and treatment of carcinoma 1n situ of the cervix

THE CHARACTERISTICS AND THE HISTOGENESIS or
CARCINOMA IN SITU OF THF CERVIN UTER]
The Histologic Charactenistics of Fully Developed Carcinoma 1n Situ

of the Cervix — Since there are no constant and few reliable gross charactertstics
f ths lesion, we can pass at once to its wlentify ing microscopic charactenstics
o )
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parallel strands of flattened polygonal cells with little ¢y toplasm and pyknotic
nucler  The canalis hned by a laver of simple columnar mucous epithelum that
extends deep mto the stroma as branching endocervical glands ~ Almost always
at least a few small undifiercntiated  reserve cells ¢ Le beneath this cylindncal
epithellum Because of their position they are also called  subcvlhindrical basal
cells  The two kinds of epithelium join near the external os  Intermingling
growth of squamous epithelum and columnar epithelium near the os establishes
a junction or transformation wone tn which both types of epithelum can be seen
In some cases the endocervical epithehum extends far onto the face of the cerviv
especially on the anterior and the posterior ip In other cases squamous ep1
thelium extends for some distance up the canal  Thus admixture of two Linds of
epithelium was described by Robert Meyer™ 77 m terms of a struggle whereby
first squamous and then mucous cpithelium gains the upper hand  His observa
tions and also his interwoven interpretations are widelv accepted The observa
tions can be readily confirmed In the majonty of cervices histologic study re
veals some endocervical glands and perhaps lining mucosa on the face of the cervix
bevond the external os a state I shall refer to as an endocer cal eclopia  One
seldom comes upon a pure ectopia for the squamous epithehum usuallv covers
most of the surface, forms lips for the mouths of glands or even extends mto them
displacing their columnar epithelium  Within the stroma there 1s mvariably
edema and a chronic tnflammatory exudate of Iy mphocy tes and other mononuclear
cells Abundant capitlanes loop to the surface so that a varymng degree of hy
peremua 15 Vistble beneath the squamous epithelum which 1s often thm and
appears to be regenerating (See Fig 46D) If inflammation and edema are severe
the thin epithelum 1s easily macerated and abrarded This causes acute ulcers or
erostons  The alternating glandular pits and vascular loops produce a granular
surface and growth of the portio epithelium into the mouths of glands and over
capillary loops results 1n a wavy stratum basahs with undulating epithelial pegs
extending mto the inflamed stroma  The glandular onfices appear as ppoint
grav dots and when the) are obstructed by the regenerating squamous epithelium
the glands difate to form the farmhar Nabothan cysts filled with mucus and often
palvmorphonuclear leubocytes  Progressive dilatation causes atrophy of the
epithehal lining acute inflammatory ulceration and mtensification of surrounding
nterstitial inflammation  Regression of the ectopia 1> marhed by disappearance
of glands subsidence of inflammation decrease of vascularity and estabhshment
of a full thickness layer of squamous epithehum  In an otherwise normal cervix
a few scattered Nabothian ¢y sts and some 1rregular pegs of portio epithelium are
generally considered marks of a previous ectopia It must be understood that the
lesion may extend beyond the visible ectopia for the prohferation of squamous
epithelium can extend the transformation zone into the canal resulting m ep:
dermi ation™ of the endocer 1v 1t would perhaps be more nearly correct to refer to
the transformation zone as a zone of mixed epithehum because neither tvpe of
epithelum can be seen converting into the other the two types evist together n
the same area usually squamous on the surface and columnar n glands
The transformation zone 1s further complicated by the presence of the small
mdrfferent subcvhndrical basal cells or reserve cells of the mucous epithelum
There are many synonyms mncluding  epade ation ton eprdermoidals a

tion_eprdermali ation Perhaps squamous epithels ation a tesm that asods reference to epiderms
would be preferable
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that they contamed one or more brightly staming hyaline bodses They are often
found 1n the normal squamous epithelium at the margins of a caranoma m situ
Such vacuoles are seen along with widened mtercellular bndges, the two findings
probably indicate intra and intercellular accumulation of flnd, an accompant
ment of edema  The same changes occur 1n 1inflammation of the cervix

Tess emphasis 15 usually placed on cytoplasmic alterations but several are
mmportant  In undifferentiated lestons cytoplasm 1s scanty m the cells of all
layers and 1s usually basophilic or amphophilic ~ Cy toplasmic basophiha 1s often
found i the presence of enlarged nucleoh lhelv mdicating nucleolus associated
nucletc acd synthesis  But even when the lesion 15 better differentiated the
poly hedral or prichle cells lack the clear cvtoplasm that surrounds the ennkled
nucle1 of the cells composing the normal upper malpighian layer  McManus and
Findley ™ have demonstrated with histochenmcal techniques that these cells Jach
the mtracy toplasmic, water mnsoluble glycogen of normal portio epithelum
Therefore, they do not stain brown with Schiller s1odine test ~ Pecultar, intensely
eosinophilic intracy toplasmic granules are uncommonly found

Two manifestations of abnormal differentiation or dyskeratosis, should be
noted even though they are not alwayvs present  Individual cells any where above
the basal layer may abortively heratimze, such cells exhibnt the small pyvknotic
nucler and shrunken coagulated acidophilic ¢y toplasm of the “grains’ of Darler
A more ominous si,n 1s the presence of rounded, intraepithehal pearls or pseudo
pearls below the surface These complexes representing clusters of prematurely
diffcrentiating cells may give rise to genwinely mvasive, microscopic buds as we
shall emphasize later

It 15 apparent that no single histologic formula can include all the combmations
of cellular atypicalities that are encountered Only some of the variations arellus
trated in Digures 45 46 and 51  Nuclear atvpism 1s the constant feature All
other charactenstics—frequent mitoses aniso and poikilocy tosis falure of differ
entiation 1ntracellular vacuolization and dyskeratosis—are vartable and incon
stant

The Problem of the Histogenesis of the Field of Cervical Carcinoma
1n Situ —Unanimity of opmion concerning the histogenesis of carcnoma m sitw
of the cervix does not prevail  Theoretical considerations disregarded this prob
Jem 1s mvolved 1 a discussion of practical matters regarding the posttion and
distributton of the lesion  Squamous cell carcinoma of the cervix s to be expected
on the face of the cervix covered normally by squamous epithehum but the
neoplasm also ariscs n the cervical canal this also 1s true of the surface ficlds
of carcinoma m situ from which the invasive tumors ongmnate

The Transformation Zone in the Cervix, Endocervical Ectopia, Squa-
mous Metaplasia of the Endocervix —Discussion of the anatomical distrnibu
tion of m situ caranoma and 1ts histogenesis must be based on the epithelial
transformations regularly progressing 1n almost every adult cervix  The exposed
mtravaginal face of the cervix the portio vagmahis 1s normally covered to the
external os by a non Lerattnized squamous epithelium as shown in Tigure 454
The basal laver 18 composed of a smgle basal row of columnar cells and one or
o layers of smail poly hedral cells forming an wrregular mosaic  Hecause thesc
quire a large quantity of glveogen most of the regulardy stratificd
le up of larger polyhedral cells with abundant clear cvto
The desquamating surface Javer consists of a few

tw
cells quichly ac
malpighian layer 15 mac
plas[:n and a small nucleus
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“The benign epithelization represents the healing of a cervical erosion  An
inflammatory infiltration most often spread from the cervical mucous membrane,
comes to Lie beneath the squamous cpithelium of the portio  The destructive
effects of this progress toward the surface until ail fayets are destroy ed and the
eroston 1s produced ‘The mucus producing epithelium of the cervit or 1ts glands
grows over the defect and this represents the first stage of the erosion heahng
As the nflammation subsides the squamous eprthelium advances from the margm
of the crosion It grows by a prolifuration of its basal cell layer between the con
nective tissue and the mucous epithelum and mav sumlarly extend nto the
glands The mucous epithehum s hited off and dies  Fanally both in the glands
and on the surface basal cells differentiate into layers, losc their unmipe character,
and may fill up the plands as well as cover the surface  Thus process of npening
may proceed slowly  The filing of the glands may take considerable time and
mucus producing epithellum may persist dunng this process To understand
the ¢pidermuization 1n the higher level of the cervical canal and also of polyps
ansing from this area it must be clearly understood that m some areas basal
cells exst beneath the mucous epithelium  These cells have remaned in tins arca
since the early developmental stages as fetus and child at which time the entire
cervical canal was covered with the squamous emithelium of the vagina  This
was pointed out by the wnter thirty years ago and confirmed by later work on
the development of the vagina ™ In another place he reaffirmed his previous
conclusions and stated that the see saw battle of healing and progression m adult
mflammatory erosions also results in sequestration of slands of basal cells thus
he proposed two conditions m which 1stands of subeyhindrical basal cells or re
serve cells become 1solated 1n the endocervix  In Meyers view then the sub
cvhndrical basal cells represent either direct undermining growth of basal cills
of the squamous epithelum or else 1slands of these same cells sequestered during
fetal chuldhood or aduit hfe

Carmichael and Jeaffreson® ¢ studied the subeylindrical basal cells and thewr
prohferation apart from the problems of ectopia or erosion and marshalled most
of the evidence against Meyer s hypotheses  In tracing the process of squamous
metaplasia they noted that this abnormal epithelum covenng the endocerviy
showed great vanation even n the same cervix It ringed from epithehum
obviously refated to the columnar epithelum to squamous epithelium almost
indistinguishable from that of the portio vagmabs, including a store of cytoplasmic
giycogen They held that a clear cut dematcation line between metaplastic and
portio epithehum and the demonstration of mucus in the metaplastic epithehum
with the muci carmine techmque did not support Meyers viens These res
tigators even accepted the possibility of direct metaplasia of columnar to squa
mous cpithchium but Meyer s well known objections to this 1dea are gencrally
achnowledged To quote from their wntings

Inour iew then the patches of atypical multilay ered epithelium frequently
found m the endocersical mucosa are formed from the oryginal endocervical
himng the squamous epithelium playing no part i their development They
may be derrved from surface columnar cells alone but very frequently pre-ewisting
basal cells play a predommant part in their formation  Swnce the epithelium
produced n this way may closely ble s el the pathol A
process may be looked upon as an pl q 1 * Referring,
to the lower canal however they say  When typical squamous epithelium 1s
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Thes are comparable with similar cells m respiratory epithelium, but in the cerviy
their presence 15 less constant and their development more wregular  The nucler
are small round and quite evenly filed with darkly staming chromatin m which
a nucleolus 1s not visible (Fig 46B)  Shghtly larger ovord somewhat vesicular
nucler are also found  Usually hitle cytoplasm 1s scen Sometimes the reserve
cells merge imperceptibly with the stroma, but usually they rest on a layer or two
of collagen fibers  In the endocerviy a hyahine basement membrane hie that m
the bronchus seldom develops  These cells are important because they have a
latent potentral to undergo hyperplasia and to differentiate to squamous epithel
wm as beautifully sllustrated by Carmuchael and Jeaffreson @ Different degrees
of squamous metaplasia are seen beneath the columnar epithelum of the endo
cervical gland Mustrated n Tigure 463 below, the reserve cells remam undif
ferentiated but above they have differentrated to polihedral cells  In earh
stages libe this the columnar epithelium s elevated  Then 1t atroplues and finally
dsappears so that by andirect metaplasia the endoceryical mucosa on the surface
and along, glandular imngs may become squamous This substrtution of squamous
for calumnar epithelum 1s mast frequently seen abaut the external os but mas
occut high in the canal often m islands and on the face of the cerviyin ectopias
When fully developed metaplastic epithehium sharph abuts on the portio ept
thehum  the two are distincth delincated as illustrated by Howard Lrchson
and Stoddard¢  The metaplastic epithehum can be distingwished from the
portio epithelium by 1ts basal row composid of round celly resembiing the reserve
cells rather than columnar cells by a disorderly cellular dispersal rather than a
regular stratificatton in the upper layers and by deficient gl cogen storage  \ear
the os howover and on the face of the cerviv 1t may differentiate so well that no
cy tological distinction or demarcation line sets 1t off from the squamous epithel
tum of the portio vaginalis - Such a length of squamous epithehum which merges
mmperceptibly with the portto epathchum on the face and wath subcyhndncal
reserve cells in the canal mught he interpreted after Meyer 77 to anse from pro
liferation of squamous eprthelal basal celis that undermme the colummnar ¢pithel
wmn a lava ke flow up the canal
We thus see that the transformation zone mas be a wide or a Imted area ccn
tering on the oternal os and moving 1n ather direction I ndoceryical mucosa
and glands may become established on the face of the corviy in ectopias and st
seems entirely Whels that from the margins hy perplastic portio cpithchum can
regenerate over the surface of the leston continue along the glandular nings and
even citend mto the endocervical canal It 1s also generalhy agreed that the mu
cous emthelium 15 frequenthy replaced through hyvperplasia and squamous &
ferentiation of the suber hindrical reserve cells  Both mechamsms mas be respon
sible for squamous eprtheliation of cctopias and for eprierms ton of the endo
cerix both surface and glands
Aever s evplanation of the angn of ectopias and of the reserve cells 1s popular
although not umiformis accepted His thesis rests on two sets of studies # 7 ont
1 the adult and one 1n the tetus  He considered the endocerical ectopia in the
adult as the birst stage of healing of an inflammatory ulceration or Lmawn\ of ‘h:’
squamous epithchum and termed the cctopin a  pscudoerosion s hﬁr
mswsted s German publications must be consalted for 2 full exposition of hy
theors but he humsell summanzed 1t '} nghsh
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The Development of Carcinoma in Situ i the Portio Vaginahis Epi-
thelium —Carcinoma 1n situ ansing on the face of the cervix usually desvelops
within the portio epithelium of the transformation zone of an endocervical ectopta
Younge, Hertig and Armstrong® found an eroston present 1n about 60 per
cent of their 13> cases Viespr™ also comment on the frequency of ectopia
Mever? insisted that the earliest lesions appear at the margin of the pseudoero
sion never within 1t and that from the marginal zone the superficial carcinoma
mav spread along the surface in either direction  Those who use the Schuller test
therefore pont out that a small non stainmng zone of surface carcinoma at the
margn of an  eroston area (ectopra and transformation zone) should not be
overlooked or mistaken for part of the non stamnmg * erosion 1tself  Although a
genuine croston stamns most of the ¢ erosion area does not stain because 1t 1»
covered with mucous eptthehum or thm squamous epithehum  The surface
carcmoma does not stam because 1ts squamous cells lack ¢ toplasmic gl cogen

An endocervical ectopia or pseudoerosion s the only gross leston frequently
associated with 1n situ carcnoma of this hind  Certainlv not every * eroded
cerviv harbors a carcinoma 1n situ 1n the transformation zone but unfortunately
the one that does 1> scldom more suspect than any other inflamed endocersical
ectopa  I'or instance among the 13> cases of carcinoma mn situ reported by
Younge e al ™ over 100 lesions were grossly thought to be bemign  erostons
and only 6were susprcious because of easy bleeding after manipulation  Some
times there may be no gross abnormalits to call attentron to a latent carcinoma
1 situ

Even 1f the face of the cervix 15 obviously abnormal the field of the surface
carcinoma does not necessarily occupy all of the transformation zone or necessanly
contme 1tself only to the areas of most severe mflammation and eroston  Foote
and Stewart™ imestigated the anatomc distribution of carcinoma 1n situ and
concluded that the extent of the field cannot beidentified by the gross appearance
of the cervix  They mapped surface carcinomas from the study of histologic
sections of senal sagittal blocks of entire cervices such a map could then be com
pared with a photograph of the gross specimen taken before it wascut  Ingeneral
the field does lie 1n the transformation zone and its margin  Nevertheless the
squamous epithelium well outside this area mav be converted to carcinoma n
situ which occasionally evtends even to the surrounding vagmal eprthelium
Rarely the entire vagina, as well as the portio vaginalis of the cervix 1smvolved
Wesp1# has dllustrated such a case and referred to simifar cases in the hterature
Since the portio epithelium in a transformation zone may grow 1nto the cervical
canal 1t 1s not surpnising all or that a part of the field can be hidden beyond the
external os

Histologreally the surface coat 1s composed of abnormal epithehum eshibiting
some combination of the cvtologic atypicahities already described  The surface
carcinoma usually 1s welt differentiated and charactenized by prominent ter
cellular bridges which produce a mosaic pattern just above the basal row  Some
covenng parakeratosis 1s common but there seldom 15 2 heaped up or thichened
Lerattmzmng lesion ze leukoplakia  Although most leukoplakic lesions of the

cervit lach signihcant histocytologic atvptsm and are entirely benign an occa
sional carcmoma 1 situ will present the gross features of leukoplalua and thus
resemble a few surface carcinomas reported by von Franque® ® and by Hinsel
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found 1n the canal 1t 15 usually continuous with the pre existing squamous ept
thelum and 15 alway s 5o situated that its origm by ingrow th cannot be excluded ™
Much of the earlier work on the problem 1s referred to 1 a paper by Tluhmann,
who traced the process of “epidermidalization 1n much the same way and called
attention to similar changes 1 the endometrium and 1 polyps attached high in
the endocervical canal  The more recent studies of Auerbach and Pund® and of
Howard et al* are also in agreement with the conclusions of Carmichael and
Jeaffreson It 1s surely true that from a study of many cervices observations can
be assembled to favor each pownt of view, and certain cases can be mnterpreted n
whichever way one chooses  Oiten, however, a thin film of regenerating portio
epithelum proliferating over an eroded area of an ectopia quite plainly does not
undermine the adjacent columnar epithelium of underly ing glands or surface but
mught readily replace the columnar epithellum if 1t were lost In my opinion,
extensive subcy lindrical epithehal hyperplasia bringing about squamous substitu
tion or idirect metaplasia, 1s usualiy the result of autochthonous proliferation
of the endocervical reserve cells
Lattle more than contributory causes can be suggested for endocervical ectopia
and squamous metaplasia of the endocervix  The two can hardly be considered
etiologically unrelated because they so regularly appear together in the same trans
formation zone Meyer s theory that the ectopia in the adult 1s merely the healing
stage of an nflammatory cervical eroston has already been discussed It 1s
extremely difficult to know the exact pathogenetic sequence of development
however Inflammation of some degree 1s quite regularly present in the cervix
and even Meyer® stated that the pure first stage of an erosion 1s rarely encoun
tered  The inflammation mught well follow the mewvstable trauma to a mucous
surface n a relatively exposed place  The frequent appearance of ectopras during
pregnancy suggests that endocrine factors may be involved in the extension of the
mucous epithelium onto the face of the cervix  Perhaps the excessive production
of mucus by the columnar epithelium during pregnancy macerates the squamous
epithelium to produce an erosion and subsequent inflammation folloy ed by growth
of the mucous epithelium into the area It has frequently been suggested that
ectopic endocervical epithelum on the portio vagmahs results from lacerations
or ectroptons mcident to delinery  However these are hardly satisfactory
explanations of the more or less symmetrical ectopia appearing regularly on
the anterior and postenor lips and usually avording the lateral margins of the os
where lacerations are commonest Because of the unsolved problem of the
etialogy of the lesion I prefer Hmselmann ™ non commttal designation “endo
cervical ectopia  which 1mplies no particular cause In the case of the other
condition under discussion squamous metaplasia several studies indicate that
the inaidence increases with age  This suggested to Auerbach and Pund® that
unopposed estrogenic sttmulation mught be responsible for the reserve ccll hyper
plasta  These workers called attention to expenimental support for this 1dea in
the fact that admimstration of estrogens in anmmals produces the change Tur
thermore Carmichael and Jeaffreson® mention that progestcrone mutigates the
reaction 1n expenmental animals In the human being this change bears no
constant relationship to laccratlor}:s or ectopli;xl and mflammation 1» so common
with 1t 15 posstble

‘hathno S]gr]]:fﬁccrzrt‘:\Zozrxr:(lla!r‘:;cmmu:e alclnlt) of the epithelium 1n the trans
(o;]m :j‘ :;ozcm provides the bass for the establishment of fields of cervical 1n

situ carcinoma
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the left in these illustrations) ending just bevond its inits  Unusually severe
inflammatory reaction sometimes obliterates the sharp connectine tissue layer
normally separating epithelum from stroma  As we shall discuss later 1t may
be extremely chfficult 1 such cases to determine whether the stroma has actually
been mvaded Even if there 1s hitle mflammation, the pegs of the surface ept
thehum dip wrregularly into the granulation tissue and the field may extend along
the surface 1nto endocervical glands present i the ectopra  If there 1s much
edema, the epithelium 1s hifted up by subepithehal bullac and subsequently dies
leaving an erosion  Because of mflammation and edema the carcinoma 1n situ
may be so fragle and easily abratded that shght manipulation causes blecding
from the abundant vascular network below
Schiller and Mcyer * too, held that the ¢vtologic atypicalities were always
full blown entirely without tranuitions to normal epithelium and obvious to the
expenienced observer  Schiller™ called attention to the sharp hine which some
times plainly sets off the surface caranoma from adjoming normal squamous ept
thelium and noted that the lesion advanced farther mto the normal epithelum
at the base than the surface thus forming an obhque junctton ine  The emphasis
on strict separation of cancerous from normal epsthehum 1 reflected m Schller s
theory and n Meyer s theorv of the development of the surface field In an
excellently 1llustrated discussion of his observations, Schiller® held that the
surface carcinoma expanded by the transformation of nexghboring normal cells
to caranoma cells  He thought 1t probable that the first beginming of the car
cinoma was in one or more single cells and that the process occurred so rapadly
that one could observe only the sharp boundary hine between the already trans
{formed surface carcinoma and the normal epithehum  Mever® cansidercd the
geness of the surface field to be actual mvasion of contiguous normal epithelium
by the prohferating carcinomatous epithehum He construed long gently sloping
oblique junction hines as evidence that the upper layers resisted invasion more than
the basal layers He thought 1solated dead cells at the junction line indicated
that the growing cancer lilled the normal epithelnm as 1t advanced He ap
parently did not consider the equallv acceptable thesis that they might be a part
of the already established field since premature cell death 1s frequently seen 1
caranoma 1n situ The observations are explained as well by the theory that
a field of normal cpithelium 15 converted to carcnoma 1n situ as by the theory
that the field arives from progressive mtraepithelial mvasion by the descendants
of a hypothetical single ‘cancer cell
The 1dea that a ficld of normal epithelium 1s gradually converted to carcinoma

m situ 15 supported by the demonstration of progressive degrees of cytologic
atypism 1n 2 group of speamens and more mmpottant in even the same cerviy
Younge ef al 1% TeLinde and Galvin® 1 and Wesp* have found lesser degrees
of ¢y tologic aty picality providing a gradual transition betwecn obvious carcinoma
m situ and normal epithelum  These observations do not deny the occurrence
of sharp junctions between patently abnormal and entirely normal epithelum
described and llustrated so well by Schiler and others but do pomt out that a
caranoma i situ may also gradually and imperceptibly merge with the normal
epithehum through a zone of less atyprcal epithehum  Cases of the latter hind
strongly suggest that carcinogencsis 1s a dey elopmental progression  process of
transformation of the structure and metabolism of normal cells rather than a
sudden mutation m some cell whose progeny constitute the carcinoma  One can
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mann ¥ In contrast with such well differentiated lestons, other surface carcinomas
of the portto are entrrely undifferentiated from basalis to surface

Other histologic features are not specially charactenstic of carcmoma in situ
but are generally found i endocervical ectopras  An inflamed granulation tissue
frequently hes beneath the atypical eprthelium  As wlustrated i Fig 45Cand D,
a band of Iymphocy tes may quite sharply underscore the surface carcimoma (on
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it 1 not obligatonly commutted to such a progression  Wesp 5! systematic
follow up studies clearly how that regression as well as progression of the lesion
1s possible  To predict whether a given lesion will regress will persist or will
progress {o carcinoma 1n sity 1s not possible on a morphological or any other
basis  We must return to these practical considerations later but for the moment
our interest 1n lesser degrees of cytologic aty p1sm has centered on the implications
for the mode of development of fields of carcinoma i situ  To repeat the ob
servations suggest a progressive neoplastic conversion of an area of normal ept
thelum rather than a strictly unicellular ongin of the carcinoma followed by
mvasion of the normal epithelium

The Development of Carcinoma in Situ from Reserve Cell Prolifera-
tions and Metaplastic Epithelium —The studies of Pund and associates 9 10t
kmght ® Wesp1 ¥ Glatthaar 1 ¥ and Howard et al ¢ offer evidence that car
cnoma 1n situ sometimes develops in epithelium derrved from the endocervical
reserve cells rather than from the squamous epithelum of the portio vagmahs
Such an ongn 15 seen especially 1n fields confined to the endocervical canal but 1s
observed also n endocersical ectopias  The carcmoma in situ may develop in an
established field of metaplastic epithelrum or 1t may anse directly from atypical
reserve cell prohferation

Carcinoma 1n situ deriving from the reserve cells usually 1s histologically char
acterized by a crowded layer of small undifferentiated cells with fat, spindle
nuclet often slanting toward the base N\ucler cut at nght angles to their long
axes are round  Although the nucler resemble those of reserve cells they are
larger, and the chromatin 1s dense and granular rather than umformly powdered
AMitoses mav be frequent whereas they are rarely seen m bemgn reserve cell
hyperplasia and metaplasia  The cytoplasm 1s scant and basophilic  These
¢y tologic differences can be seen by contrasting figure 46 E with figures 46 A and
B Near the os the surface carcinoma mav be better differentiated than it 1s
higher in the canal, just as a length of metaplastic epithelium often 1s obviously
squamous at the os but 15 less differentiated m the canal and m glands The
junction with the portio epithelium usually 1s abrupt and may be vertical or
sloping 1n erther direction

The occurrence of the field 1 the endocervical canal 1s not alone sufficient
evidence to establish 1ts derivation from endocervical reserve cells because the
portio epithelium can extend into that area as pointed out previously A more
convinemg argument 1 the demonstration of increasing degrees of cytologic
atypicality beginmng with planly benign reserve cell hyperplasia and ending
with obvious carcinoma i situ  Such a sertes has been reported by Howard
efal ¢ and d d 1n their ph graphs  In a histologic study of 400
apparently normal cervices they found 14 unsuspected intraepithehal carcinomas
and a group of 7 intermediary cases exhbiting metaplasia with atypicalities
These cases form a chain of increasingly atypical metaplastic epithelium Al
though the authors segregated the cases with less severe ¢y tologic aberrations 1n
the group metaplasta with atypicality  the dividing line betw een this group and

traepithehal carcinoma  was admttedly subjective  In that particular study
the progressive deselopment of ¢y tologic aty picahty was illustrated in a series of
cases but the entire progression can be found m a single specimen  For example
m figure 46 C the gland on the left 1s filled with aty pical metaplastic epithelium
and the one next 1t on the nght with i situ carcmoma  the aty pical metaplastic
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sce that Mever sidea of carcinogencsis differs from Cohnheim s only 1n the hypo
thetical posttion of the aberrant mother cell~for Cohnhein a rest for Meyer, a
cell somewhere in the surface epitheltum t<elf This proposition once accepted,
ttlogically follows that for Meyer the abnormal eprthelium 1s & carcinoma whether
1t be confined to natural surfaces or not  The problem then becomes the proper
1dentification of 2 * cancer cell’ and the formulation of ¢y tologrc cnterta of malig
nancy A hine must be drawn  On one side are all “cancer cells and on the other
stde aft < other cells  In ths view, lesser degrees of cvtologic aty prsm may be
mustaken tor carcnoma  As Meyer® said “I showed the absurdity of the ex
pression ‘pre cancerous which means that the author in question cannot recog
mize whether a lesion 1s carcinoma or not ” The great difficulty 1s that not every
ane agrees where the line 1s to be drawn  Furthermore those who would do so
face a delicate problem when thev are confronted with a smgle continuous field of
progressively atypical epithelium gradually merging with the normal  Some
where they must arbrtranily draw a hine and determine that all the celis on one
side are ‘cancer cells” and all those on the other may be * mistaken for cancer
cells It would seem more reasonable to think that the gradualls progressine
atyvpism mirrors 4 progressive derangement m the metabohsm and structure of
normal cells that are bemng converted to a carcnoma  In this view sharp dis
tinctions betwcen  carcinoma  and ‘ non carcimoma  cannot always be found
durmng carcinogenests QOne rather seeks degtees of abnormal proliferative activits,
and when an espenienced observer finds sufficient abnormality he terms that stage
of the process carcmoma according to husy cnteria of malignancy  We must
return later to a constderation of morphological, chemucal and biological critena
of mahgnancy

Because mmperceptibly merging degrees of ¢y tologic atyprsm can be found m
many cervices almost evers worher has devised his own categones or stages of
atvpsm and labeled them i lus own way  The full blown lesion that everyone
would recogize 1s called by Younge ef al ™ carcmoma n situ * by Galvin and
TeLmde* intracpithehal carcnoma by Wesp't  mcreasingly atypical cer
vical epithellum  and by Hmselmann®  Rubries IIT and IV 1n hns somewhat
cryptic svstem  Lesser degrees of atvprcality have been termed by Y ounge o
al ¥ anaplasia ranging to equivocal carctnoma m situ by TeLinde and
Gabon'? basal ool hyperactivity  and by Wespt and Mueller®  grregular
epithellum  The gap between Hinsclmann s Rubncs 11 and III as o great
that one cannot hind a comparable state of actniaty i hus systam Al these
authors seem to agree that only these Jesser degrees of atvptsm are encountered
1 some cervices but all and mnstances 1 which a held of full blown carcinoma in
sttu merges with such areas It 1s not poswble to precisely match the several
nomenclatural svstems In a general way however afl call attention to ept
thelwm which departs from normal but exhibts onhy some of the atypualities
which have been detailed for carcnoma 1 situ The nomenclature of Gahin
and TeLinde® espectally pornts to the carly changes occurnng in the basaf faver
of the ¢pithehum while the upper lavers are yvet unaltered (Tig 45B) \na
plasia presumabh refers to maturation defect sometimes called dediffcrentia
tion or cataplasia When Young et ol 2 further speak ot three gradesof ana
plasia they undoubtedly arc tvng to catalog the vaning degrees of atypism
found m thus epithelum Although the assocration of this hand of epithehum
raxanculpates 1t as a stage (0 CarcINOgeNtsis

with carcnoma n situin the same, cc.
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epithelium was found to merge nearby with bemign metaplasia like that shown n
figure 46 B A case I have recently studied 1s of special sygnificance because two
morphologically distinct types of caranoma m situ were present in the same
cervix and each type could be traced to a distinct type of increasingly atvpical
metaplastic epithelum
Whether such 1 carcinoma n situ appears 1n the canal or in an ectopia, the
ficld almost 1vamably covers the surfaces of endocervical glands as well as the
topographical surface  This 1s expected because the reserve cells are found be
neath the glandular and the surface columnar epithehum  The columnar cells
may no longer be present in some places but i the glands they may cover the
caranoma 1n stk Since the glandular hmng 1s a natural surface, the carcino
matous laver 1n this pasition 15 no less 1n situ than 1t 1s on the topographical sur
face It will be recalled that the endocervical glands often extend deeply into the
wall of the cervix  Instances hhe that shown i figure 46 T, in which a carcinoma
m situ involves glardular surfaces scem to be often mistaken for genuinely 1n
vastve neoplasms, if one can fairly yudge from photomicrographs
The arca just inside the external 05 15 most oiten involved by surface carainoma
of this type but the field may extend onto an ectopsa or in the other direction to
the surface of the uterne corpus  The field may transform the entire endometnial
surface into a granular  sugar 1ang coat but cases of this kind are not common
Tatension of the field into the Fallopian tubes 1s rare
A mixed mononuclear nflammatery nfiltrate quite like that seen with car
cinoma 1n situ of the portio vaginalis frequently develops It 1s hardly possible
to know whether the inflammatory reaction appears beforc or after the epithehal
lesion 18 established but 1t occurs without imvasion of the stroma or significant
necrosis of the epithelwm  The inflammation therefore cannot be construed asa
protective device It scems »f anvthing to be harmful as we shall note Jater
m discussing the development of stromal invasion within the field
1t 1s appropnate to record here the vigorous denals that cervical carcinoma,
ever anses from the subcy hindtical basal celfs  The most categonical cnticisms of
the thesis are found m Meyer s wntings from which the following quotations can
be taken as ilustrative
A study of very tarly squamous cell carcinomas Ieads to the conclusion that
they anse alwavs from squamous epithehum and alwavs from the basal cells
In most cases at the margm of an old erosion
carcinoma does not anse from actne epidermization undergomg pro
Iferation as in erosion healing 3
One nught conclude then that carcinoma and epidermization of crosion are
two distinct and unrelated condittons  They both anse trom the basal cells ot
the squamous epithelwm at the margins of erosions  But epidermization 1s 2
benign restoration and when completed approvimates the normal Carcinoma
does not anse directly fromat
Novah® would seem to agree with Meyer although he cautions against mis
taking atypical epidermization for carcinoma
Schiller't? also dented that squamous carcinoma often arises trom the islands of
epithchum trapped in “ erosion healing  He stated that the early carcinomas he

studied sprang entirely from the superficial squamous epithelum bordenng the
cvhndrical epithehum



222 PROBLFM OI' CARCINOMA IN SITU

o

A g e X8 " r&w
Y Fi i ;3‘.?«:’.3%
22

& S"'- ‘i(
LRI Sy Formay W
4 ST i::x:;;a«&\;;:-tjw T
e G
¥

{aab %
] # o~ ’
o~ T PURES AN
Y‘: o N'i%.w.,}} % 3
-, i A
D P
BNl B BT
M Sy WY R ET L S
R e e g
e YR ?;‘. ok
4
Y.

= e P SR
B P R L
- FT ,Nﬂw&:\;\! 3
G
7
Z
%,

-
A__oF

) d g
BOREIRRE X S R (e R
. * %,
ﬁ%'(_"?

axf‘f‘mx..q
4
§$ ﬁgv{\u’,‘," 5
i NG,
AR

e % A4
B Ao ok o

= 5, 3
A SIS AT e
NER TN FEEAY S
ST e B DG Teen P A
PR Y LA NRS
EXCAIR AN LN
. % A
p+ AT
PEEIR-LCES B A0 SOl Nl

=

P Sivaa

I
WS

Fi1o 36 - Larcnomo s Sutn v etaplsstsc Fp thelium A Beneath the colymnar epitheltum
betugn reserve cell by perplasia below and quamou metaplasia above B lrregular fe tocms of
bemgn pro’fer.ting reserve cell contrasted with C Dand F L Squamous metaplasia + ith
eytologt atspwa ity n gland en left carcinoma m stumglind onnght 1) Benun regenerating,
portio epitheliu 1a the tran formation one of an endoceryical cctopts E Typt 4l undifferen
tlated carcmon'a t wru alwo £ Fllm,, erdoverst ol gland  F Curcmoms g situ on surf e
and hmay, endocer Al glands dee 0 the entx a pattern that may be mistahent for mya e

caranomi



PROBLEM OF CARCINOVA IN SITU 225

what Jess than the inaidence 1 cervices m general, but the oceurrence 1s not
unhnown
The conclusions of Carmichael and Jeaffreson regarding the refationship be
tween metaplasia and carcinoma have not alwavs been accurately reiterated
After commenting that a lesion so common as metaplasia obviously could not be
mahgnant they agreed that it mught be precancerous but went on to say
+In most cervical cancers it 1s Impossible to determine with certawnty whether
the growth has ansen in the squarmous epithehum or n the endocervical mucosa
much less to trace 1ts ongm to a small patch of previously altered epithehum
Probably the metaplastic epithehum does occasionallh give nise to mahgnant
growths but 1t 1s cleatly 1mpossible to estimate the frequency of this occurrence
or to ascertain whether the atypical iz ¢ metaplastic) epithehum 1s more prone to
undergo mahgnant degeneration thin the normal epithehum * Presumably,
their stuches were not augmented by comparative histologic matenal from casts
of carcinoma 1n situ Anderson s comments mdicate that cervical carcinoma n
situ was not under ntensive study in England at that time  If the entire cervix1s
available for study one 1s usually able to trace the ongin of the lesion to trans
formation of a field of squamous portio epithelum or metaplastic ¢pithefium
There arc nevertheless instances 1n which one cannot conclusively demonstrate
the histogeness from erther portio epithelium or reserve cells  In such cases the
field of the surface carcinoma usually occupies both canal and face appeanng to
derive from reserve celis in the canal and from portio epithelium on the face A
parallel can of course be drawn with cases of epidermization and metaplasia
which the squamous epithehum about the external os1s so well differentiated
that one cannot decide whether 1t represents i growth of portio epithelum or
well differentiated metaplastic epithelum
Epithehial Hyperplasias to be Distingmished Fram Carcinoma in Situ —
Several varieties of epithelial hy perplasia should be segregated because they can
be confused with caranoma in situ  Even though these lesions are sometimes
assoclated with carcinoma 1n situ they are so frequently encountered apart from
1t that one can conclude they usually are bemgn 1 rom the viewpoint of carcino
genesis they usua Iy are reversible or non progressive reactions and so at most are
only facultatively precancerous
Farst should be mentioned bemgn reserve ceft In perplasia and squamous meta
plasia of the endocervix quite common lesions that have already been discussed
As llustrated by Carmichael and Jeaffreson * peculiar festoons of metaplastic
epithehum roll m and out of the stroma and mayv be mistaken for 1n situ or 1n
vasive caranoma  The resemblance to mvasive carc noma 1s 1llustrated 1n figure
46B where glands lined with metaplastic epithehum extend irreguiarly into the
underlying stroma  Although the cells in the metaplastic epithehum are wrregu
larly disposed as in caramema n situ the cell population 1s not so dense  Mopre
important metaplastic ¢pithehum (Figs 463 and B) 1s distmguished from
carcinoma in situ (Fig 46 E) by absence of sigmficant ¢y tologic atvpiealities  The
nuclet are small regular and homogeneously filled with finely granular or lighthy
stippled chromatin  Mitoses are scidom een Thus superficisl resemblance to
carcinama and the differential diagnosis have been carefully discus ed 1n several
papers 73 s1v01s
The earhst shades of ats prcal metaplasia usually are not stnkmg ®  They are

marked by cells with somewhat larger vesmcular round nucler only hghtly
15
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In discussing their histogenetic theory, Galun and Telande® say, ¢ Qur
obserations lead us to believe that cervical carcinoma begins n the basal layer
of the portio vaginahs and that shght chauges 1 this layer may be the precursor
of mtraepsthehal carunoma ”

Younge ¢ al 8 apparently agree

‘Carcinoma 1n situ replaces the columnar cells of the endocervix or the endo

cervical glands as it advances  Thisis in contrast to the undergrow th which takes
place 1 squamous metaplasia or eprdermatization  The benign undergrow th of
squamous metaplasia as distinguished from the {otal replacement of the ende
cervical epithehum by carcinoma mn situ was first noted over twelve y ears ago, and
no exception to the rule has been found to date ’

It 1s universally recogmzed that squamous metaplasia 15 common n endo
cervical pohvps but carcmoma m situ and imvasnve carcinoma seldom arise 1n
polyps

‘The available evidence does not however, warrant the concluston that a field
of metaplastic epithelium or reserve cell hyperplasia never gives rise to 2 car
cinoma n sttu More confuston than 1s necessary has ansen from substituting
‘ never gives nise  for ¢ seldom gives s \When one considers that rescrve cell
hyperplasia or metaplasia 1s present in about 80 per cent of all cervices, it becomes
at once apparent that this process does not mevitably lead to carciroma n sity
Metaplastic epithelium does not always become cancerous nuther does portio
epithehum  vhich constantly replaces itself from the basal layer as any other
epithehal sarface does  In commenting, that fransitions from bemgn eprdermiza
tron to carcinoma are unhnown Meyer®® said that carcinoma develops at the
margin of not within, the eroston area vet he also sard that he had studied a casc
ansing mside an erosion  Turthermore Rubmn® had made 1t clear that semal
sections* of his case I revealed no connection between the squamous eprthehum
and a focus of surface carcinoma m 2 gland  Mever,* mn fact gave an evcellent
morphological description of atypical reserve cell hyperplasia n s account of
studies with Garlach 1o which they discovered carcmomas 1n situ 1 endocervical
Dropstes when  the portio was usually normal  These studies secm not to have
altered s previous conclusions that cervical carcimoma develops onls mn the

squamous epithelbum &

Although the carcioma in situ secms usually to displace the columnar epithel
wm there are cases 1 which part of the field 1s found beneath intact columnar
cells Rubnn’® illustrated such lesions tn his article of 1910 In Figure $14 one
(an ee a cross section of a gland almost filled by surface carcmoma, vet the over
Iying columnar emithchium remawms intact  {An wvasive bud has braken out of
the field m the upper nght corner as we shall note later )

Statements that polyps do not become caranomatous would be more accurate
1f modihed to say that they seldom become carcmnomatous Ve have recently
studied a carcinoma 1n sttu ansing in the metaplastic epithehum of an endocervical
polip the rematnder of the canal and the portio vagmahs were umnyvohed by the
lesion  Reporting 459 polyps hnight found metaplasia in 53 of which 2 eass
were mahgnant  Fluhmann % reported onhy 2 carcinomas ansing m pohps It
would seem that the incidence of in sttu and imvasive carcinoma in poly ps 1s some

.
commncatin {0 he i L Reban: satedthe dead, of b ctnie
amed for study
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on occasion extends well beyond the transformation zone to the penphery of the

portio saginahsand uncommonly even to the vagina

There may , however be no signs or svmptoms of the leston  This 1s especially
Ikely 1f the eld 1s confined to the canal
m opimon, from reserse cell hyperplasia and metaplasia  These lesions fre
quently occupy the hinings of endocersical glands and may, therefore extend
deeply 1nto the cervix without hawever genwmely invading the stroma  Rareh,

the field may cover the entire endometnal surface
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Fi1G 47 ~Diagram illustratmg the sanation in size and anatormeal lacation 1n cases of cervical
carcnoma in sty \rea of surface fiedd mdicated by vertical hnes
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stippled with chromatin small nucleoh and somewhat more abundant cyto
plasm which may be acidophilic, basophilic or vacuolated Mitoses are seen but
are scarce  This type of epithelium has been called by Wespr'st “simple atypical
epithelium ’ and he considers 1t usually harmless It 1s often seen n transforma
tion zones near the external os
Deviations from normal of regenerating and hy perplastic portio epithelium
transformation zones are also frequently encountered The squamous epithelum
at the margin of a pseudoerosion often contains httle gly cogen, and 1ts lower third
or half 15 made up of cells with distinctly basophilic cytoplasm Occasional m
toses are found n the basal row  Although these changes merge with the “basal
cell hyperactivity” of TeLinde and Galvin illustrated i figure 45B, they alone
only charactenze regenerating epithehum in which there 1s active synthess of
nucleic aad  When 1rregular pegs of such eprtheluim dip nto the granulation
tissue of an ectopia, the prcture may at first glance, however, resemble carcinoma
n situ
The cervical leuhoplalias or white spots, usually are bemgn  Unfortunately
dnerse usage of the term “leuhoplakia” has caused almost unending confusion
A number of histologic alterations of the squamous epithellum may appear as
white areas  Thesc include bemgn proliferating portio epithelium lackhing gly
cogen and thick, parakeratotic or heratotic epithehum resembling exposed ept
theha as well as obvious in situ carcinoma  In addition Hinselmann has used the
term to cover a wide range of colposcopic abnormalities not readily appreciated
by simple spection It 15 not easv to translate his Rubnes I IT III and IV
1nto conventional histologic description, but lesions wath cy tologte atypism n 11T
and IV he considers the same as the charactenistic surface carcinomas of Meyer
Schiller and von I'ranque % Martzlofi® and Schiller's have pomtedly discussed
the vanation n histologic structure of leukoplahia  As Schiller proposed it
would seem best that the term “leukoplakia  be discarded except as a description
of any white gross lesion the exact nature of which can be determined only by
histologic study  Although a few heaped up and Leratotic in situ carcinomas have
a dull white appearance, the usual leukoplalia 1s quite without cy tologic atypism
Acuminate condylomas Iike those frequently found on the external gemtahia
occastonally arise on the cervix  There are also squamous paptllomas and glan
dular polvps that develop during pregnancy  These benign lesions can be 1den
tified histologically
Recapitulation  The Signs, Symptoms and Anatormc Location of
Carcinoma 1 Situt of the Cervix Uter1 —It 15 now possible to summanze the
previous discussion and to consider the signs symptoms and anatomic location of
carcinoma n situ 1n terms of its pathogenesis
The leston frequently develops 1n the transformation zone of an endoccryvical
ectopia and therefore 1s often found n an mflamed hy peremic cerviv Onhy
shght inflammatory changes masy be found 1n a arcumoral vermilton zone but
the deselopment of ulccration causes a strihing inflammatory reaction  Beneath
2 more or less well epithehialized surface lie gray or tan crypts of endocervical
glands Because of inflammation and edema  the surface epithelium s fragtle and
i 1t s even shghtls disturbed  bleeding mayv result Some form of abnormal
bleeding including post coital spotting 15 reported 1n one fourth to enc half of all

cases of carcinoma 1n sity The field usually 15 adjacent to the external os but
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on occaston extends well bevond the transformation zone to the penphert of the
portiovaginahs and uncommonly even to the vagina

There may, howcver be no signs or symptoms of the leston  This 15 especially
Iikely 1f the held 1s confined to the canal Lesions of this type usually derve n
my opmion from reserve cell hyperplasia and metaplasia  [hese lesions fre
quently occupy the limngs of endocervical glands and may, therefore extend
deeply 1nto the cervix withaut however genuinely mvading the stroma  Rarely
the field may cover the entire endometrial surface

=)
=

ANTERIOR

RIGKT
LEFT
RIGHT
LEFT
RIGHT

POSTERIOR

=
=

i

ANTERIOR ANTERIOR

=

POSTERIOR POSTERIOR

Ul

LEFT

2

Fre 47 ~Diagram illustrating the vanation m size and anatomical location 1n cases of cervical
carcnoma in situ - Area of surface field indicated by vertical himes  (Adapted from Foote and

Stewart )
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Some of the vanants in anatomucal distribution ate dlustrated w figure 48,
which has been adapted from Foote and Stewart # The few examples selected
suggest the great range mn extent and position of fields of carcinoma m situ that
are encountered  Wespr,'# as well as Toote and Stewart,® has reported the occur
rence of multiple, discontiuous fields m a grven cervix

Tinally, some investigators have found gradually progressive atyprealities
developing 1 the portio epithehum and also i metaplastic epithehum  This
would seem to indicate that a field of epithelhum 1s gradually transformed imto a
field of carcinoma 1n situ At exactly what pomnt these atypical hyperplastas
become 1rreversibly neoplastic cannot be determined or predicted m a given case
but certain hy perplastic chinges in the cervix are secn so frequently that one can
be certamn they usually are self imuited and not precancerous m an obligatory
sense  The gamut of epithelial changes found 1n the cervix are shown in the fol
lowing, diagram modeled after Wesp!#* and Glatthaar #

THE RELATION OF CARCINOMA IN SITU TO INVASIVE
CARCINOMA OF THE CERVIX UTERI

The Evidence That Invasive Carcinoma May Develop i Fields of
Carcmoma 1n Situ ~(ologic E wdence —1t has already been pomnted out that
the ¢y tologic aty picalities found 1n cases of carcinoma 1 situ much resemble those
found 1n obviously imvastve carcinoma  These atypicalities have been offered
as prima facie evidence that carcmoma m situ 1s already a malignant neoplasm
Most of these abnormalties are however duphcated by rapidly growmng and
divading cells i other situations  The prohferating epithehal cells at the margin
of a chromc dermal ulcer may exhibit increased mitotic activity propunence of
nucleoh and basophihia of cytoplasm yet the hy perplasia usually does not progress
to neoplasia  When 1t docs moreover 1t scems doubtful that one can define
preasely the changes that identify  cancer cells as opposed to  hyperplasia
cells  Rapidly prolferating fibroblasts m the base of an inflammatory ulcer
regularhy exhbit stmilar atypra yet they do not become sarcomas This old
argument need not be pursued in detall - Conservative opinion holds that rigorous
cnticism will not admut the identification of 1solated  cancer cclis with the
microscope  Neoplasia 1s considered a process that 1s identified not by ¢y tologic
abnormaliies but by abnormal relationships betsieen cells and hsspes Liven
then the designation  carcinoma 18 m some sense a priciction based on exper
sence that this abnormality will progress unabated  Study of endometriosts of the
<olon or of normal placentation for example provides <obering reflection about the
ndisputable histologic criteria of mahgnancy

Surface Carcinoma al the Margin of Imast ¢ Carcinoma - Although the ¢y to
logic abnormalities alone do not detine carctnoma in situ as a neoplasm  this sur
face lesion seems onunous because 1t 15 sometimes found at the margins of an
already imvasive squamaous carcinoma Schiller' ented Schottlaender and her
rmauner sM® description of such a penpheral surface coat made up of ccll which
cording to Schiller morphologrcaliy indistingushable from the cells of the
snvastue neoplasm \ reasonable conclusion was that mermng, wurface component

1 snvasty L component were allone carcinoma $hat same pncture had also buen
o by Cullen 7and 10 hts monograph 1t 15 beautifully Mustrated by

were ac

scen previousty
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Afax Brodel and Hermann Becker  Cullen spoke both of ¢ transformation ” of
adyormng surface epithelium and of estension  of the carcmoma to adjoning
surfaces  In his studies of the development of cervical carcinoma Schallert
found however, that the size of the invasive component of the field was mnersely
related to the size of the surface field  He found a few genumely innvasive tumors
only a few mulimeters i dimenston planted wn extensive contiguous fields of
surface caranoma  Thewc observations can be confirmed if one has opportumty
tostudy small Stage I umrradiated carcinomas removed by radical hy sterectoms
A suggested interpretation 1s that the invasive neoplasm has ansen in a previoushy
established field of carcinoma in situ rather than that the superficial carcinomatous
coat has spread outward from the invasive tumor Before completing this
argument fet us turn for stonical reacons to certamn clinico pathologic case
studies supporung the theory that nfiltrating squamous carcinoma mas develop
{rom 1n situ carctnoma
Case Studtes ~1In the past tnents five years there has been recorded a himted
number of cases 1n which an mvasive squamous carcinoma arose 1n a cervix hnown
by previous biopsy to harbor caramoma n situ Cases of this hind materalize m
several ways  1In earher days when carainoma 1n situ was nerther widely recog
nized nor accepted 1t sometimes passed undetected in biopsies of ‘ chronic cer
viabs  or ¢ pseudoerosion  Hence upon review of former cervical biopsies it
was possible to find 1n retrospect previously unrccogmized cases  Some observers
svstematically reviewed a senes of former biopsies others only reviewed earlier
biopsies of a patient or patients presenting an miasive caranoma  Additional
case material of this nature has come from patients who refused treatment even
though apprised of the in situ carcinoma  Only a rare case has been delberatcly
observed without treatment 1able VII catalogs reported cases of these khinds
These studies imply that carcinoma m situ 1s a biological predecessor of 1mva
sive carcmoma and that the in situ stage may be present in some cases for years
before invasne carcinoma ensues  This s consistent with the fact that the
average age of patients with demonstrated 1n situ carcinoma 1s about ten to tnelve
years less than the average age of patients wath d rated v asive
Figure 50 graphically shons the age distnbution by five year periods of 3 series
of cascs of 1n sin carcmoma compared with a simiar composite curve derved
from data reported 1 6 series of mvasive carcinoma totaling more than 7600
cases This particular age relationship offers no information concerming the
percentage of cases that become mvasive nor does1t alone guarantee a necessary
relationship between mn situ and invasive cervical carcimoma
The conclusion that mvasive foliowed in situ carcinoma 1 these cases can be
questioned  One can object that the biopsy specimen may have sampled onh
the marginal caranomatous surface about an mvasie carcmoma present all the
time By these studies alone the objection cannot be countered it may be true
in some cases and one mght choose to think that 1f every cervie purported to
hold a carcnoma In situ were sufficiently sectioned an mvasne lesion would
mvanably he discovered  In short one could adopt the thesis that marginal
€<tension jrom 4n invasive carcinoma 1s the proper explanation of evers field of
carcmoma in sitw Howevir this thesis 1s not substantiated by my experience
for even senal sections fail to reveal any mvasive focus 1n _ome cases of carcnoma
matu  In other words genwinely 1n situ carcinoma of the cervix does occur
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To grant the authentinty of genumely i situ carcinoma and of genumnely n
vasive carcimoma but to propose that there 1s no necessary relationshup between
the two Jestons 1n the same cervix is a somewhat differs nt entical twist  Indeed
serial chnico pathologic observations do not exclude the possibibity that an m
dependent mvasive tumor unrelated to the presious carcmoma i situ may have
developed m the course of scveral years But the demonstration of genuinely in
vastve microscopic buds within fields of carcinoma 1n st 1s the most conclusive
evidence of an undemable relationship between the two lesions i some cases
cven though no obligatorv relationship can be guaranteed in cases <uch as those
hsted i Fable VII

o Pund, et ]9} e
A Younge, et af'38am e
invastve Carcinoma

25 7[:‘\ PR R
i\
R

PERCENT OF ALL CASES

IS 0 | 2529 3539 45-48] 5559 | €5 69
2024 30-34 4044 5054 6064 70-T4
AGE GROUP

Fic 49 —Age distrbutian of three serie * #12 of Lases of cervical caromoma 1 1t (omteasted
th thay of wva ne cervical corenoma The per cent (or caleulated per centy of en o5 {alhnp
tneaxch five vear age group ss plotted as a pont  For invasive carcinor 2 a compo ite cusie
has been derived from data m six erge 19— A

Microscopsr In ast e Focs A satisfactory histologcal demonstration of gen
umely mvasn e microscopic buds within the field of a carcinoma m situ most ne arls
convinces even the quite cnitical observer of the pathogematy of the surface
neld Xt willte recalied that Schiller found ever smaller gross tumors in extensive
surface fields but it has alreads been suggested that one mght mterpret the
invasive lesions as primary though they are onhy o few millimeters 1n dimension
Thes mterprctation 1> less reasonable however when no gross tumor 1s present
anywhere mn the held but ouby mvasive buds of a few cells such as those demon
strated i Figute 51 Furthermore by means of senal sections of entire cervices
multiple mvasive buds have been dumonstrated in a single ficld o) carctnoma
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larger nucleus  Often such an accumulation of differentiating cells anses in the
mudst of the carcinomatous layer as seen toward the left of figure 5t B, and ap
parenth will rumasn these without further development but where 1t ongmates
nearcr the basal laver the p.cudopear! may become annvasive bud  Then one
can see the better differentiated, squamous cells huing n juxtapostion to stroma
without an inten emng lay er of basalcells  Parenthetically, the advancing margin
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Fi 51 M oscopae I asi e Buds A Caremoma i situ an ing 1rom resesve el prohferation
beneath the atumnar ejithehum of 4 glund above ngt hetter Hifferentiated 1mvasive bud
srre,, tarty miading lagee stroma b ve left po sblemaon B C ranom: m sta of the
portio foser spht a better differen tred ina ve bud 3t a non myvasive mtraepithelen)
pseadoperrt € Rght  aranomn o itu 8ibn, o gland an unddferent 1ted forked mvasune
tud prowecting, upmard and lu ter of miasve caromoma left
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situ ¥ Some allustrative patterns of mvasion I have found in <eral section
studics are shown n Tigure 52 It 1s hardly reasonable to suppose for example,
in Casc No 1 Figure 50 that 51 minute, invastve buds resembling the one shown
m Figure 51 A arose independently in the same cervix and then by extensive mar
gnal proliferation jotned to establish the surface carcinoma  The pomnt need not
be labored  Withm the field of the carcinoma 1n situ multiple invastve foci surely
devcloped

Tt can be seen that there 1s great vamation in the pattern and distrsbution of
mvasive foct within different fields  The surface field in Case 2 was as extensive
asin Case 1 yetonly two microscopic mvasive foct were found  In Case 3, on the
contrary the surface field was an area of only a few square milbmeters but when
mvaston occurred tongues of carcinoma quickly penetrated lvmphatic channels
and extended to all four quadrants of the cervix
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Fyo 30 —Dhagram dflustrating the vanation m patterns of mucroscopic imvasion fourd by
senal sections 10 fields of cervical carcinom in situ  Area of surface Feld indicated by vertical
tines invasive foct by dots lymphatic penetration by I venousmiasion by v InCase Mo 3
arrows indicate paths of Ivmphatic nvasion

‘The cnteria by which genwine stromal ivasion 18 recogmzed have not been
cntscally set forth My colleagues and I have been speatically mterested n
1dentsfving true imasion within fields of cervical carainoma in situ that have been
serrally sectioned  There are several certain and a few doubtful modes of invasion
In the upper night corner of figure 51 4 a bud of a few cells better differentiated
than those i the surrounding field has pushed wrregularly outnard from the basal
layer wto an area of loosened stroma The mvading cells have larger and morc
variable nuclel and have acquired more cyvtoplasm than the cells occupy ing the
surface fitld along the lower nm of the gland  Stular differentiated mvasive
buds also develop 1n fields of carunoma m situ ansing i portio epithelum
Such an myasive focus s iustrated mn the loner nght comer of figure 51 B
Tlsewhere 1n this field were found sumilar intraepithelial pseudopearls clusters of

afew poly hedral cells that acquire a more abundant ¢y toplasm and perhaps a hittlc
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carcinoma s indistinguishable flom the non invasive portion  The invasive part
usually 15 somewhat better differentiated the surface part more anaplastic In
the invaswnve part the cells have more cytoplasm and tend to be somewhat larger
and more vanable the nucler 21u somewhat more vesicular and the nucleol are
larger We have just noted that this 1s often the case with the earliest mmvasne
buds as well as with the more advanced nvasive growths Perhaps this 1s the
reason that Nieburgs and Pund® have observed more vanabiity among cells ex
fohated from invasive carcinoma than among those from pre mvasive carcinoma
Tn contrast with the usual patterns of buds tongues clusters or masses of m
vading cells one may rarely find invasion by separate cells that seem to flake off
mto the stoma  An 1llustration of this pattern of mvasion can be found 1n one of
Novak s papers * The same pattern found at the margin of an obvious, deeply
imvasive carcinoma 1s readily understood but the nterpretation 1s most difficult
if only a few cells seem to be separated from the stratum basalis of an mn situ
carcinoma  The difficulty 1s made greater if the underlying connective tissue has
been severely disturbed by mfiymmation This particular mode of early invasion
15 Interesting because certain expenimental studies ¢ have suggested that mvasive
ness of cancer may be caused i part by the lack of adhesiveness and by the amoe
bowd activity of cells from carcinomas  Inmy experience however early invasion
by disjoined cells 15 much less common than by cohesive clusters like those illus
trated 1n figure 51
In addition to the various patterns that mark genwne stromal invasion, there
are some configurations that may be misinterpreted as invasion Carcinomas in
situ arsimng 1n the portio epithelum of a transformation zone present confustng
pictures especially 1f there 1s much underlymng inflammatory reaction In many
bemgn transformation zones irregular tongues of regenerating portio epithelium
dip 1nto the stroma for reasons already mentioned When epithehum of this kand
1s converted to in situ carcinoma these irregular tongues mav be mistaken for
early invasion  Usually no problem anses 1f inflammation has not disrupted the
limiting stromal membrane but even then a decision 1s occasionally difficult
However 1rregular contour of the rete pegs 1s charactt ristic of epithelium regen
erating over granulation tissue 1n any site and although the relationships may be
confusing 1s hardly acceptable evidence of stromal invasion  If 1t 15 accepted
then invasion will erroneously be described 1n many cases of carcinoma 1 situ of
the portio vagmalis
Sections passing other than perpendicular to the surface hkewise present prob
lems in proper interpretation At angles of about 45 degrees the pegs are length
ened and pointed and fade into a streamuing stroma Simlarly the interdigitating
stromal cones are lengthened or they are often disgwised as apparently circum
scribed 1slands m the middle and upper layers of the emthelum (Fig 45 D)
Cuts parallel with the surface produce almost perfectly round 1slands of epithelium
which are composed of onlv small basal cells at the lower tips of pegs Al these
configurations recall the come sections of sohd geometry so often demonstrated 1n
schoolrooms with wooden models
It has already been mentioned that endocervical glands filled with surface
carcinoma must be recognized and distingmshed from genuinely nvasive car
cmoma  No matter how cut they are usually round regular masses sharply

See Novak  Figs 4and §
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of an obviously imvastve carcinoma usually shows simular squamous cells pushing
mto surrounding stroma  One might, however doubt that these configurattons
are truly nvasive but from tiny buds of this kind long thin tongues may extend
many micra through the stroma and may occastonally mvade v mphatic channels
and, rarely, small blood vessels ' 7
The stromal changes at these sites of invasion are as remarkable as the epithelial
changes In the normal cervix there usually 1s ne hy aline basement membrane,
but only a layer or two of flattened dehcate strands of collagen separate epithel
m from underlying stroma  Just at the pomts of mvasion described 1 figure
51 A and B, this layer and the underlying collagenous fibers are loose and widely
separated, the epithelial buds pushing into almost empty appeanng spaces A
moderate ly mphocs tic infiltrate can be seen sometimes many Iy mphocs tes con
centrate at the myvasive focus the epithelial cells extending 1nto a pool of inflam
matory cells What part if any, the gathenng 1y mphocy tes have m altertng
the stroma 1s not known but they certamiy do not cause necrosis of the mvading
cells  There 1s no detailed information available about these stromal changes n
cervical caramoma  Stnce one comes upon such mnvasive foa only by chance
detailed histochemucal investigation of the alterations would be difficult  Perhaps
some enzyme such as hyaluromidase, 1s concentrated at the site and alters the
ground substance I'isher and Hollomon? have suggested that a critical number
of cancer cells might be necessary to inttiate a malignant growth because several
cills could more hihels alter the chemmcal environment than could a single cell
One might speculate that tns  cntical size concept  of the ongm of cancer focl
better fits the ongin of mvastve buds and accompanyn,, stromal changes 1 &
field of altered epithelium than 1t docs their 1dea that cancers arise de novo from
the chance bunching together of several mutant cells in normal epithehum
Another ty pe of gemuinely invastve bud sllustrated n figure 51 C differs from
that just described It 1s not a diffcrentiated pseudopearl but 1s a bud composed
of entirely undifferentiated basal cells It could not be recognized m a field of
portio 1n situ carcinoma with rregular pegs extending mto an mflamed stroma but
1s easily identined when the basal laver of amv fiddd 1s sharply contamned In
figure 51 C a gland on the right 1s nlled with the surfact carcinoma A two
pronged invasne fork projects upward from the Jower left and mstead of entering
an area of loosened stroma 1t dissects the stroma  Nearby on the left one can
see reregular sphnters of a few mvading carctnoma cells  In other cases plexiform
cords of undifferentiated cells invade the stroma although within them differ
entiated pseudopearls may develop
A thurd pattern of invasion is not at first glance readily discninunated from a
cluster of distendcd round glands entirely filled with the surface carcinoma
Blunt round masses arranged back to back form a sheet of somewhat deeph
ymy, cells bounded distinctly by a thichened stroma  Several features ad
rccogmtion  The sheet of mvasne carunoma is made up lihe a patch work
qult whereas a group of glands distended by i situ carcmoma erther will some
where show their tubular pattcrn or wall appear as discretc round ma ses if cut
1 cross stction (sec Ig 46 T} The troma bmiting cyen a small imasne ¢
o, often 15 the thick coarse collagen characteristic of carcimomas whereas
that beneath a caranoma in siti 1s almost nvarably normal as Schiiler'® pointed
out Iinallv the epithebial cells thomselves often differ from the cclls in tfh«.
surroundmg 1 sitw ficld for 1t 1s not preciscy truc that the invasne portion of a
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carcainoma 15 indistingwishable fiom the non invasive portion  The mvasive part
usually is somewhat better diffcrentiated, the surface part, more anaplastic In
the mvasive part the cells have more cytoplasm and tend to be somewhat larger
and more varable the nucler a1 somewhat more vesicular and the nucleoh are
larger We have just noted that this 1s often the case with the earliest mvasive
buds as well as with the more advanced mnvasive growths  Perhaps this is the
reason that Nieburgs and Pund® have observed more vanabihty among cells ex
fohated from invasive carcinoma than among those from pre mnvasive carcinoma

In contrast with the usual patterns of buds tongues clusters or masses of in
vading, cells one may rarely find mvasion by separate cells that seem to flake off
into the stoma  An illustration of this pattetn of invasion can be found 1n one of
Noval s papers * ‘The same pattern found at the margin of an obvious deeply
mvasne carcinoma 1s readily understoad but the interpretation 1s most difficult
1if only a few cells seem to be separated from the stratum basalis of an n situ
carcnoma  The difficulty 1s made greater if the underlying connective tissue has
been severely disturbed by inflimmation  This particular mode of earls mvasion
13 interesting because certamn experimental studies ¢ have suggested that invasive
ne s of cancer may be caused in part by the lack of adhesiveness and by the amoe
boid activity of cells from carcinomas  In my experience however early invasion
by disjoined cells 1s much less common than by cohesive clusters hike those 1ilins
trated m figure o1

In addition to the vanous patterns that mark genwine stromal mvasion there
are some configurations that may be musinterpreted as mvasion Carcinomas
situ arising in the portio epithellum of a transformation zone present contusing
pictures espeaally 1f there 1s much underlying inflammatory reaction In many
benign transformation zones rregular tongues of regenerating portio epithehum
dip into the stroma for reasons already mentioned  When epithelium of this kind
15 converted to 1n situ carcinoma these wrregular tongues may be mustaken for
early imasion  Usually no problem arises 1f inflaramation has not disrupted the
Lmiting stromal membrane but ¢ven then a decision 15 occasionally difficult
However 1rregular contour of the rete pegs 1s charactenstic of epithelum regen
erating over granulation tissue m anjy site and although the relationships may be
confusing 1s hardly acceptable evidence of stromal mvasion  If 1t 1s accepted
then mvasion wmill erroncous!y be described 1n many cases of carcinoma 1n situ of
the portio vaginalis

Sections passing other than perpendicular to the surface hikewise present prob
lems in proper interpretation At angles of about 45 degrees the pegs are length
ened and ponted and fade 1nto a streamung stroma Simularly the interdimtating
stromal cones are lengthened or they are often disgwised as apparently circum
scribed 1stands 1 the mddle and upper layers of the epithelum (Fig 45 DY
Cuts paralicl with the surfacc produce almost perfectly round 1slands of epithelium
which are compo ed of only small basal cells at the lower tips of pegs Al these
configurations recall the comc sections of solid geometry so often demonstrated 1n
schoolrooms with wooden models

Tt has already been mentioned that endocervical glands filled with surface
carcinoma must be recognized and distinguished from genumely invasive car
cnoma  \o matter how cut they are usually round regular masses sharph

e Novik™ Ty, 4and §
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bounded by the imiting stroma except in the presence of undue mfammation
As the nesghboning branches of a yland become filled and distended with the pro
hferating cpithelal cells the mterveming connective tissue is compressed nto
narrow stromal septa  As illustrated in figure 46 I' masses of intraglandular
surface carcinoma may appear to be 1solated deep in the stroma but this appear
ance results from vagary of sectioning, the branching glands conncet with the
topographical surface  The ceils fithng or almost filhng the glands display the
cytologic atypicalities of those wn the surface field elsewhere  Lesions denved
from endocervical reserve cell hy perplasta and metaplasia in the canal usually are
poorly differentiated (Fig 46 ) In m) opmmon, fields occupying glands fre
quently anse from mtrnsic reserve cell hyperplasia and metaplasta  However,
many authors speak of * invasion ’ of the glands, likening the process to the exten
sion of regenerating squamous epithellum nto the glands of a transformatton
zone  Although tactile extension of a portio surface carcioma nto glands may
occur ‘ extenston” de.cribes the process better than ¢ mvasion’ because normal
tissue boundaries are not violated To construc mvelvement of glands alone as
evidence of nvasion results in Jabchng many cases of m situ carcnoma  1nvasve
carcmoma  For example mn Galvin and TeLinde s sertes of 75 cases found by
bopsy to be intraepithchal carcmoma 55 were later called invasne  after
pathologic study of the hysterectomy specimen It would be hetter te speal
of extenston into glands or ‘ invohement of glands and to retamn the term
‘invasive carcmoma ’ stnictly for lesions that actually invade the stroma  The
confusion which otherwise may result 1s exemphfied in the published discussion
of Calvin and TeLinde s* paper, 1n which the * modified Werthetm  hysterectomy
proposed by the authors was entiased as inadequate treatment for the 70 per cent
of their cases m wiuch they discovered 1nvasion’ on study of the entire cervia
after operation  In truth their operation was clearly adequate because they did
not describe or illustrate invaston of tissue spaces, the only avenue to local destruc
tiveness and to }ymphatic and vascular permeation  The limited sense m which
these authors use the term nvasion has been clanfied ¢ Younge ¢f af ™
constder umohement of glands a further developed stage of mn situ carcinoma
At least the surface covercd 1s greatly augmented by glandular mvolvement and
hence the area from which imvaston may develop 1s greater  Seral sections reveal
mvasiie buds to arise abike from glandular and topograpmcal surfaces
Whenever genune mnvasion 1s demonstrated the growth s an nfiltrative squa
mous cell carcinoma  Perhaps all carcinomas do begin in the basal cells and some
imasne cervical carcnomas are undrfferentiated  However these considerations
and the long cbmically latent penod should not prompt companson of 1 situ
carcinoma of the cerviy with the more benign so called basal cell caranoma of
the shin  Such tumors also arise from the basal cells but they are well differ
entiated m the direction of the adnexal structures  They arise 1n the shin from
distnctine often multicentric nelds but analogous tumors are rarely 1f ever
found in the cervy probably because it normally does not devclop dermal ap
pendages
Statestical Estdence — It would scem therc 1s now adequate anatomcal evidence
that muaswe cervical carcinoma may anse in a previoushy established m situ
An important question sttl unanswered 1s How often does thrs
{ carcinoma 1n sttu have been followed undistarbed to gise
t 1s dufficult m those cases to be certain that

carcioma
occur® Too few cases of
an answer and as already noted
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mvasive carcinoma actually arose from a lesion which had been only 1n situ car
anoma  One then wonders whether statistical analysis of the frequency with
which 1n sitn and mvasive cenvical carcinoma occur can answer the question,f
a developmental relationship between the twao lesions is granted
Some have thought data already available on the frequency with which the
two are found indjcate that carcinoma 1n s1tu 1lmost invariably becomes invasive
In certam hosptal series®® & 11115 18 the frequency of carcinoma in situ among
female patients 1s about equal to the trequency of invasive carcinoma among
female patients taking the frequency of invasive carcinoma of the cervixtobe 16
per cent * It might at first thought appear that an equal frequency of the two
lestons 1n such groups of women supports the 1dea that caromoma 1n situ always
becomes nvasive However there are two main reasons why direct compansen
of the relative frequency of m situ and 1vaswe carcimoma among patients ad
mutted to 2 hospital or seen 1n an out patient chimic actually permits no conclusions
concermng the percentage of cases of m situ carcmoma that in time would become
mvasive The first reason is that a hospital or chime population does not represent
an unselected sample of the general female population and with regard to instances
of 1n situ and mvasive carainoma the selection would be disstmilar  ‘The second
reason s that the relative frequency of finding each t pe of lesion cannot be treated
as the inadence rate of each
Sampling errors anse from the selected composition of a hospital population
Signs and symptoms of carcinoma 1n situ are either absent or so trivial compared
with those of invasive carcinoma that admssion wisits and referral of patients
probably are heavilv weighted in favor of invasive carcinoma It is fair to suppose
that most cases of invasive carcinoma developing in a given general female popula
tion will at some time 1n their course appear in the hospital serving that general
population  Furthermore 1f the hospital m gquestion prowides above average
gynecological consultants and radiological therapists the hospital population wilt
be further weighted m favor of cases of nvasive carcinoma because 1t will attract
from a distance patients 1n whom cervical carcinoma has already been diagnosed
or suspected  On the other hand, a hospital or chmc population will be less likely
to select cases of carcinoma m situ from the general female papulaton  Because
srregular or post cotal bleeding sometimes accomy carcinoma n sity, there
will be a certamn degree ot selection but less than in cases of invasie carcmoma
In addition to selecting symptomatic over ay smptomatic diseases from the general
population, a hospital population may be unrepresentatnve of the general popula
tion i another wav This 15 m ats age distnbution  As reference to figure 49
shows the age distnbutions of cases of m situ and mvasive caranoma differ
therefore the age distribution of the hospital or clinic population and its relation
ship to the age distribution of the general population must be known 1f data denived
{rom hospital populations are to be meamngfut  For the reasons yust given 1t
seems apparent that comparson of the relative frequency of 1n situ carcinoma and
mvasive carcinoma among hospital and elinic populations does not answer the
question and may confuse the problem when equal relative frequencies turn up
fortwitously
Tven if one should neglect for the moment the errors samphing that anse
rom the study of hospital and chmic populations there remam certamn mustahes

This commonly quoted fisure 1s taken from Meips ™ wha pecified 16 per cent of marred
®omen over thirty years of age adrmutted 1o the hospital
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n interpretation that have come from regarding relative frequencies as though
they were madence rates * These nustaken interpretations would be no less
correct if they were made about data gathered from populations truly representa
tive of the general female population and hence, free of sampling errors  In order
to conclude that statistical analysis of a study of hving women 15 consistent with
the 1dea that all cases of 1n situ carcinoma would become cases of nvasive car
cmnoma, it must be demonstrated that carcinoma m situ and invasive carcinoma
occur that1s anise at the same rate  Let us see if this has been demonstrated by
the studies aited previously  Of all women studied the percentage found to have
carcinoma 1n situ 1s usually designated as the ncidence ’ of carcinoma 1n situ
within the population studied  Simularly, the percentage found to have mvasne
carcinoma 1s usually designated as the ¢ madence ’ of invasive carcinoma within
the population studied When each member of a given population has been ex
amined one time the results of the exarmmations carried out permit a census of
cases of both hinds to be made From such a census an ¢ mcidence rafe ’ cannot
be derived because the frequency of each leston has been determmed only on a
space base ’ and not, 1n addition ona time base ** If one wished to use one
year as the time base the annual incidence rate of cervical carcinoma in situ i a
given female population would be the number of new cases that deseloped durning
the period of one year withm the population per some convenient umit of the
population as per 100 per 1000 or per 10 000 women Similarly the annual
madence rate of invasive cervical carcinoma 1n a given female population would
be the number of new cases of invastve cervical carctnoma that developed during
the penad of one y ear within that population per umt of population chosen  These
two incidence rates could be compared to determmne whether or not the two con
ditions anse with equal frequency  Theoretically 1t would be possible to deter
mne the annual incidence rate of a condition like measles by a single census
because the census taker could expect a reasonable answer to his question  Has
there been a case of measles in the houschold the past year?  However the
annual inadence rates of carcinoma 1 situ and 1vasive cervical carcinoma could
not be determined by the method of a single census because the patient would
not be certain whether or not she suffered from the condition in question and
more important for this discussion 1n cases where a lesion was demonstrated no
one could know when 1t arose  Therefore a single exammation of a given female
population should disclose 1deally all cases of in situ and mnvasive carcinoma but
could not disclose when they arose From the data obtamed what has been
termed the pre-alence * could be computed The prevalence of a condition 1n a
given population 1s stmphy the total number of existing cases per some chosen
umt of population  Since the average durations of both m situ and imvasive
carcinoma are greater than one vear the prevalence of each would exceed the
annual incidence rate of each
In comparing the prevalences of two conditions two sets of vanables must be
tahen into account These are the mcidence rates of both conditions and the
average durations of both conditions For example tf we accept the hypothesis
that every case of 1 situ carcinoma becomes mvasne and that every case of

Invasive carcinoma arses from an i situ carcinoma the mcdence rates of the
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two would be equal neglecting, deaths before there was time for invasion to occur
In this case the ratio prevalence of in situ carcinoma to prevalence of invasie
carcinoma would equal theratio average duration of 1n situ carcinoma to average
duration of mvasive caranoma  The ratio of prevalences would be umty only 1f
the average durations were equal  Howcver, 1t has already been noted that the
average duration of the n situ stage 1s approimately 5 times longer than the
average duration of untreated imasive carcinoma  When the average durition
of cach stage 1s talen 1nto account 1t 1s clear that carcinoma 1n situ would be 5
times more prevalent than mvasive cervical carcinoma if the stated hy pothesis
should be valid  (If treatment were taken into account, both average duration
and prevalence of invaswve caranoma would be mncreased and the ratio, 5 to 3,
correspondingly decreased )

It 15 apparent that the frequency of finding in situ and invasnve carcinoma 1n an
unsclected female population by means of a single evamimnation measures the
prevalence of each and not the inaidence rate of cach  Returming agam to a dis
cussion of the data on the frequency of finding 1n situ and 1nvasive cervical car
cinoma 1n hospital and climc populations it should be clear that the relative
frequency of finding such lesions 1s of only limited value for estimating rates
applicable to the general female population  Insofar as in situ carcinomas are
dentified 1n asymptomatic women the frequency of finding this lesion i such
groups will provide approximations of the age specific prevalence rates in the
general population The same would not be true for the frequency of finding
mvasive cervical carcinorna since these cases are frequently symptomatic and as
already noted symptomatic individuals from a commumty are concentrated
clinic and hospital populations  Unless the praportion of all women hospitahzed
and the proportion of all women with invasive caranoma hospitalized are known,
the data from hospital populations cannot be related to the general population
Under optimal aircumstances the number of cases of cervical caranoma seen 1n
hospitals can be u.ed to obtain an approximation of the mcidence rate of symp
tomatic cervical carcinoma i the general female population  Tor example 1n
Denmark® the population 1s small and relatively stable and there are few hospital
centers for the treatment of cervical carcmoma  With the cooperation of these
centers the Danish National Cancer Registry 1s mformed about cases of cervical
carcinoma appeanng for treatment  Under such conditions 1t would be possible
to determine the number of new cases of symptomatic cervical carcinoma appear
mg each year in the general female population that most svimr
women sech medical attention In the United States however 1t 1s doubtful
that the relative frequency of finding mnvasive cervical carcinoma among hospital
patients can be used to measure exther the prevalence or the incidence rate in the
general female population

If one were to determine from prevalence data ilone the frequency with which
in situ carcinoma becomes mvasive the following method might theoretically be
used A census would have to be made to determme the prevalence of in situ
cervical carcinoma among a given female population representative of the general
female population 1n age race social and mantal composition  Then an hypo
thetical population of sumilar composition would have to be followed on standard
hfe tables for approvunately twelve years (taling twelve years to be the combined
average duration of the in situ stage and the untreated invasive stage) in order

to take nto account deaths from causes other than cervical carcinoma  Next, the
16
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mn anterpretation that have come from regarding relative frequences as though
they were incidence rates *  These mustaken interpretations would be no less i
carrect if they were made about data gathered from populations truly representa
tive of the general female population and, hence, frec of samphing errors  In order
to conclude that statistical analy sis of a study of hving women 1s consistent with
the 1dea that all cases of in situ carcinoma would become cases of mvasie car
cmoma, it must be demonstrated that carcinoma in situ and mvastve carcinoma,
occur that is, anse at the same rafe Let us see if this has been demonstrated by
the studies cited previously  Of all women studted the percentage found to have
caranoma 1 situ s usually designated as the madence  of carcinoma i situ
withm the population studied  Srmularly the percentage found to have mvasive
caranoma 1s usually designated as the ¢ maidence ’ of imvasine caranoma within
the population studied  When cach member of a g1ven population has been ex
ammed one time  the results of the exammations carred out permut a census of
cases of both hinds to be made 1 rom such a census an * incidence rafe  cannot
be derived because the frequency of each leston has been determined oaly on a
¢ space base ' and not 1n addition on a * time base ** If one wished to use one
vear as the ime base the annual incidence rate of cervical caranoma in situ i a
given female population would be the number of new cascs that developed durng
the pertod of one year within the population per some convenient unit of the
population as per 100 per 1000 or per 10000 women  Symlarh  the annual
scrdence rate of mvastve cervical carcinoma in a given female population would
be the number of new cases of invastve cervical carcinoma that developed duning
the period of one v car within that population per umit of population chosen  Thesc
two mewdence rates could be compared to determine whether or not the twa con
ditions anse with equal frequency  Theoretically 1t would be possible to deter
mine the annual inadence rate of a condition hihe measles by 2 single census
because the census taker could expect a reasonable answer to his question  Has
there been a case of measles in the household the past vear®> However the
annual inadence rates of carainoma i situ and mvasive cervical caranoma coutd
not be determined by the method of a single census because the patient would
not be certamn whether or not she suffered from the condition m question and
more mmportant for this discussion 1 cases where a leston was demonstrated no
one could know when 1t arose  Therclore 2 single exarmnation of a given female
populatton should disclose 1deally all cases of i situ and mvasive carctnoma but
could not disclose when thev arose From the date obtained what bas bien
termed the pre-alence * could be computed The prevalence of a condition 1 2
given populatxon 1s simply the total number of existing cases per some chosen
unit of population  Since the average durations of both  situ and mvasne
carcinoma are greater than one year the prevalence of each would exceed the
annual mcadence rate of each
In companng the prevalences of two conditions two sets of varables must be
taken into account These are the incdence rates of both conditions and the
average durations of both conditions  For example 1if we accept the hypothests
that every case of 1 sttu carcinoma becomes mnvasne and that eveny case of

snvasive carcinoma arises from an m situ carcitnoma the incidence rates of the

Control
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expected deaths from cervical carcinoma among such an hypothetical population
dunng the twelve year peniod would have to be calculated from accurate, age
specific cancer mortality statistics and to this number added the estimated
number of cases of cervical carainoma 1n situ dyng before vasion could de
velop and the estimated number of cases of cervical carcioma cured by treat
ment durng the same penod of time  Finally, the adjusted total number of
cases of mvastve cervical carcmoma thus derived could he compared with the
total number of cases of in situ carcinoma ongnally found m order to determine
the approwimate frequency with which in situ carcinoma would become invasive,
agamn granting that there 15 a developmental relationship between the two lesions
The practical objection to the procedure 1s that at least m this country mor
tality statistics are notoriously naccurate concernmg the cause of death *
Dunn® has suggested a method whereby the prevalence of 1n situ and mvasive
cervical carcinoma and the ineidence rate of 1n situ carcinoma could be obtained
from successive exammations of the same population A stable female popula
tion representing a sample of the general female population would be surveyed
to determine the age speofic prevalence of 1n situ carcinoma and the age specific
prevalence of nvasive carcmoma of the cervix - This would be accomplished by a
combination of exfohiative cytological biopsy and clinical techniques  Dr Dunn
has suggested a number of uses to which these data might be put but for the pur
pose of this discussion major interest attaches to the results of a second surves
One year later the same population would again be exammed to determine the
number of sew cases of m situ carcinoma and of invasive carcinoma that had ansen
during the interveming year From the new cases the annual age speafic ma
dence rates of carcinoma in situ could be calculated  If the study were done with
a population for which the annual mcidence rate of symptomatic cervical car
cinoma were already known the two mmcidence rates could be compared to deter
mine the approximate proportion of 1 situ carcinomas that would become 1n
vasive  Other data denived would depend on whether or not cases of carcinoma
i situ found i the first survey were treated  This general method 1s sound and
properly applied should in a short period of time give rehable information con
cerning the approximate frequency with which cervical in situ carcinomas become
nvastve
It can be concluded that statistical analysis of the comparative frequencv of
finding 1n situ and invasine cervical carcinoma among hiving women has offered
thus far no information concerning the comparative rates at which the two anse
Therefore such studies offer no basis for estimating the frequency with which m
situ carainoma develops nto mvasne carcinoma
The Evidence That Invasive Carcinoma May Not Develop in Fields of
Carcinoma in Situ and m Atypical Cervical Epithelium —~Case Studtes —For
every case of carcinoma 1n situ reported to progress climeally to 1nvasive carcin
oma there are many reported to remain well but mn the great majonty of the
latter group the entire surface field was probably removed by some form of treat
ment The failure of carcinoma m situ to progress to invasne carcinoma after
conization trachelectomy cervical amputation cauterizatson or wrradiation 15
not vald evidence that caranoma 1n situ does not heces anly become mvasie
Wesp1'® has foltowed a few cases in which carcinoma 1n situ did not dev elop into

For a discussion of mortality statisties and cause of death see Pearl* and for a di cussion of
miccuracy mn the diagnosis of mahignant neoplasm see T illis™ and W\ ells 10
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monal changes 1 the cervix  There are no alterations of the cervical ¢pithelium
peculiar to pregnancy 1 he squamous epithelium 1 thickened both the gly cogen
bearmg rete malpighn and the psuedo heratimzed surface More pertinent to
this discussion 15 an increased inerdence of basal cell by peractivity  The thickness
of the basal zone may 1ncrease from the usual 2 to 4 cells to 8 or more  Nuclcar
vanabihty, frequency of mitosts and mncidence of multiple nucleols are increased
1n pregnancy  Large nucler may survive m the upper rete malpighu where nor
mally they become shrunken and somewhat pyknotic Tluhmann® reported
the development during pregnancy of endecervical ectopia ( so called eroston )
m about half of 119 private patients  The leston was present as frequently
primigravidas as m multigravidas emphasizing that not the trauma of delvery
but pregnancy , ttself causes the lesion  The epithelial hy perplasta and regenera
tion n the transformation zone of an ectopia and therr relationship to the genesis
of carainoma 1n situ have already been discussed in detail  Some years ago Hof
bauer® described basal or reserve cell hyperplasia and squamous metaplasia in
pregnancy  Even though this 15 a common lesion in the non pregnant uterus, it
seems probable that it 15 often estabhished because of the prolonged estrogemic
stimulus of pregnancy  From a careful hstologic study ot a relatively small
group of pregnant cervices 22 in all Danforth has illustrated 4 examples* of
what I would mterpret as metaplasia with cvtologic atypicalities  Additional
studtes of this hind are needed to determine the frequency of such aty pical meta
plastic epithelum tn cervices from pregnant compared with non pregnant utert

If pregnancy and 1ts altered hormonal state stimulate epithehal hyperplasta
and also probably produce lesser degrees of cy tologic abnormahty such as ¢ basal
cell hyperactivity  and ¢ metaplasia with atypicality 1 the cervix 1t 1s reason
able to conjecture that carcnoma in situ mught occur unexpectedly often
pregnancy At just thispoint avatlable data are inadequate  In a histologic study
of 37 pregnant utert Pund e/ a/ * reported 4 premvasive cervical carcmomas
an mcidence of 11 per cent and m addition one ¢ covert mvasne caranoma
This report was made 1n 1948 Now the number of cervices from pregnant uten
studied by sertal blocks 1n Pund s laboratory totals 107 In this senes 9 pre
masive carcmomas have been found an madence of 84 per cent!® This
obviously high frequency contrasts with none found 1w 23 whole pecimens (17
autopsy < hysterectomy, and 2 amputation) studied by Glass and Rosenthal 3¢
Excluding a group of abnormal appearing cervices studied one finds that Carron
and Greene!? discovered 2 carcinomas n situ among 64 normal appeaning cervices
(10 hysterectomy 51 biopsy specimens) an incidence of about 3 per cent Ina
series of cervical biopsies of 286 pregnant patients Epperson ¢f al 2 found 2
mtraepithehal carcmomas an ancidence of less than 1 per cent It 15 apparent
that the frequency of cervical m situ carcinoma 1n pregnancy remains to be deter
mined and that even an estimation would be hazardous

There 1> rather general opimon that carcinoma 1 situ discovered duning preg
nancy may regress afternard For this reason the diagnosis of in situ carcinoma
during pregnancy 1s tahen with reservation even by some who consider the lesion
mevitably invasive  Asalrcady noted the question of how often 1n situ carcinoma
becomes myasise 1s not settled i the non pregnant or the pregnant state  More
over there 15 as yet hittle basts for discussion of the lesion s rey ersibility following

See Danforth® Figs 11 12 13 and 14



244 PROBLEM OI CARCINOMA IN SITU

mnvasive carcinoma even though the imitial leston was disturbed only to take the
biopsy sample It 1s concervable that the entire field was removed at the time of
diagnosis, but he thought it unhikely  Cases of this hind are summarized in Table
VHI Onec may object that the findings are not conclusive that nsufficient time
mav haveelapscd to permit invasion if the latent period was unusually long  The
argument 1s not readily refuted, except 1 cases where objective evidence of the
lesion disappeared Ihelhstofnon progressivecasesin lable VIIIisshorterthanthe
list of progressive cases i lable VII,p 230 This1s however, no indication of the
proportion of cases that belongs in cach category  Many of the cases in Table VII
were discovered by reviewing former biopsies of patients presenting with the
complunts of a fully dcveloped malignant tumor  Obviously, this weights the
data since 1n non progressive cases the patients have no reason to return to a
gynecologist  Only by tracing all patients in a group with a biopsy of carcinoma
m situ can some measure of the actual proportions be learned A recent revien®
refers to a study now 1n progress at the Radiumhemmet 1 which more than 40
patients with in situ carcinoma of the cerviv are deliberately being followed with
out amy hind of treatment Such a studs 1s long overdue  Great patience wall
be required to leave these lesions undisturbed for years but through a pains
taking msestigation of this kind the ikelhood that mvasion will develop m fields
of 1 situ carainoma of the cervix can be accurately determmed
Wespi'* presents quite sound evidence that nerther surface nor mvasie car
cinoma mewitably ensues 1f only the lesser degrees of ¢ tologic atypism outlined
1n figure 49 are present  Thirteen cases of  irregular epithehum  regressed judged
by subsequent histologic ¢ 1on and 3 more as determmed by colposcopy
2 cases progressed to increasingly atypical epithelium 4 remaimned stationary
a few months  Wesp1' also cites 15 cases reported by Scipiades and Stevenson'™”
in which hyperactive ¢pithchum  did not progress to carainoma  Still lesser
degrees of epithehal abnormality are found so frequentls that no one would
contend they progress obhigatonly to caranoma
Stahistical Evidence —Whereas some statistical studies might indicate that
general hospital populations carcmoma n situ 1s found at a frequency equal to
that of mvasive carcmoma others indicate that the frequency 1s gher  In
histologic studies of uten removed for non cervical diseases unsuspected cervical
carcmoma 1 situ has been found n as many as 3 9 and 3 5 per cent® of cases
However Pund ef al 1% think that the frequency of 3 9 per cent n their sernies 1s
not unexpectedly hgh if allowances are made for selection of cases in which total
hysterectomies were done and for loss of casts due to deaths from other causes
dunng the calculated latent period of twelve vears preceding invasion  The
difficulties m nterpreting data of this hind have already been considered It1s
not posstble to relate these frequencies to the frequency with which carcinoma n
situ progresses to mvasion
Carcinoma 1 St 1n Pregnancy — It has been suggested that carcinoma 1n situ
of the cervix 1s found unusually often in pregnant uter1 and that the lesion may
regress after parturtion There have been only a few nvestigations specifically
directed toward venfymg these two behefs and even tentative conclusions are
verv likely premature The studies'® © 7303353809 yhich have been made
thus far indicate that therc 1s mcreased cellular actwvity and hyperplasia of th;
cervical epithehum duning pregnancy Novak hals suggested thathdenmltw: o
these alterations m pregnancy 1s part of the problem 1n defining the cvclic hor
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this hind prove that a field of surface carcinoma does not always precede invasive
carcinoma, they are uncommon exceptions to the rule Cases of both kinds scem
to be so uncommon that they would not vitiate scientific statistical studies to
determme the frequency with which m situ carcmoma becomes nvasive

Criteria of Malignancy Other Than Inva: —1In the foreg dis
cussion emphasis has been laid on the fact that carcinogenesis 15 a process  There
are legitimate differences 1 opinion as to the stage 1n the process that should be
labeled “mahgnant  for this 1s a relative term no matter how absolute 1t sounds
To many who consider c) tologic and nuclear aty pism indication of a fundamental
disturbance in cellular function and perhaps genetic constitution, invasion 1s only
anncident 1n the abnormal growth process  In discussing the ongin of carcinomas
of the breast from intraductal epithelial proliferation, Cheatle and Cutler' noted
that the abnormal cells 1n the ducts often look like those that are invading  They
pomted out that 1n a microscopic invasive focus, cells can sometimes be found half
mside and half outside 2 duct  Remarking that the external halves of these cells
cannot be described as precancerous they contended that such eclls half mside
and half outside normal boundaries demonstrate that the cells inside the duct are
as malignant as those invading the tissues outstde 1t However one who holds
that mahgnancy 1s determmed by abnormal relationships of tissues would con
sider that the charactenistics of a cell half nside and half outside the duct are not
s0 1mportant as the getting 1t there Even so we have alreadv seen that in the
cervix the morphologic character of the invading cells often 1s different from that
of their non mvasie neighbors when studied by ordinary histologic techmques
This observation finds support 1n data from certamn refined cytologic studies of
expenimental carcinogenesis  Cowdry and Paletta compared the pre invasne,
hyperplastic mouse epiderrms induced by methylcholanthrene with the later
carcinomatous epithellum  The malignant cells they found, were smaller than
the hyperplastic spinous cells but larger than the hyperplastic basal cells the
nucleocy toplasmic ratio larger in carcinoma cells than m spimous cells but about
equal with basal cells the nucleol, larger and more numerous 1n malignant cells
The details of the differences they noted are not 1dentical to the differences we
have pomted out between invasive and non mvasive cells of some cervical car
canomas  Although they concluded that no single cnterion differentiated the
malignant cell from the hyperplastic cell the fact remaims that the cells of an
mvading neoplasm are often not identical with the cells in the non mvasive
antecedent field of origm

Carruthers! has recently reviewed the chemtcal alterations that have been
demonstrated dunng the expenmental transformation of mouse epidermis to
squamous cell carctnoma  In a short space the various alterattons i mmerals
vitamuns lipids and amino acids cannot be entered into  In general however
there 15 a sharp shift in proportions of a number of substances early m the hy per
plastic stage and another shift in the malignant phase For technical reasons
none of the histochemucal alterations has been pm pointed at a malignant focus
Study of the earliest microscopic foct of 1nvasion would be difficult because they
are found only by chance

The ability of tumor cells to proliferate after heterologous transplantation has
been offered as a biological test of malignancy In recent years Greene®®* has
suceessfully transplanted a number of human and animal tumors into the anterior
chamber of the eye of a heterologous species  Without entenng nto the dis
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pregnancy Younge ef al % report 2 cases regressing to “anaplasia’ alter preg
nancy  Epperson ef al ¥ report § cases discovered durning pregnancy 1n all of
which the m situ carcmoma was no longer found m postpartum biopsies  Un
fortunately, the last study loses much of its significance because of repeated biop
stes and even a comzation 1n one case  Conclusions about the potentiality of a
lesion can hardly be based on the cutcome following repeatcd removal of samples
for biopsy
Cerucal Carcinoma and Two Spectal Croups of Women — Lhere 1s opportumty
n two selected populations for statistical studies which might possibly gie evt
dence about the reversibility of carcinoma in situ It 1s known that the inaidence
of genume cervical carcinoma mn Jewish women 1s astonishungly low  Of impor
tance 1n the whole problem of the pathogenesis of the tumor 1s the provocatine
report by Gagnon® that squamous carcinoma of the cervit 1s practically non
eustent 1n nuns  Gagnon also noted that inflammatory erosions mn ths select
group are rare It would be of great value to know whether the prevalence of
carcinoma 1n situ parallels the prevalence of invasive carcinoma mn these two
groups of women  If the prevalence should be no different from that in the gen
eral female population, 1t would be esident that, at least in these two groups the
lesion often 1s non progressive  The results of a current study ! 8 on the occurrence
of the in situ lesion 1n Jewish women will be awaited with interest
The Onigin of Invasive Squamous Carcinoma of the Cervix Unrelated
to Fields of Carcinoma in Situ —Tor biological statistical and practical reasons
it 1s 1mportant to hnow whether invasive cervical carcinomas always develop
from fields of m situ caranoma  Wespr s colpescopic and pathologic studies'
of the histogenesis of the neoplasm indicate that 1t usually does anse in this wav
the histologic observations of Pund and Auerbach®® support this concept my
histologic studies of early carcinomas agree with these observations Schiller s
studies'’® of twenty five years ago suggest the same conclusion It 15, of course
more difficult to determine the ongin of advanced imvasive growths but the
observations of Cullen'? and of Schottlaender and Kermauner' are consistent
with this same¢ viewpoint  Lven m the presence of obvious tumors such as they
studied a portion of the surface field not yet altered by nvasion can often be
found about the margin of the mvasive area  Voreover the development of a
shower of many mmvasive foci 1 a large field of m situ carcinoma very hkely ac
counts for the considerable number of extensively mvasive ncoplasms found in the
presence of chmcal signs of onlv a few weeks duration  But there are a few ob
sersations demonstrating other anatomical patterns i early 1nvasive carcinomas
Some vears after publishing his monumental volume on Cancer of the Ulerus "
Cullen reported the chance tnding of a tumor calling 1t * the earliest case of
squamous cell caranoma of the cervix that T have ever seen ' This nas a
polypoid growth 9 X 3 millimeters at the upper end of the endocervical canal
The photomicrographs show a focus of carcmomatous mvasion although else
where a field of metaplasia with atypicality 1s present in the endocervical mucosa
of the polypowd projections One rarely happens upon a small carcinoma much
like many ep\dermal acanthomas that anse in a himited field In these mnstances
t all or most of a small field became nvasive before the lesion
5 (Observations of another hind do not admut this mterpretation
g:rsn(ejéls;oe\::igasne sprouts may penetrate directly ﬁ;ﬁm th;e1 baiixl laver of ;;
normal appearing ot & hyperplastic surface epithehum Although nstances o

1t 15 possible thal
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wall for some time to come make his greatest contnbution m apprehendng the
early Stage I squamous carcinomas and promptly mstituting treatment
Some find the Schiller test useful in detecting carcinoma ta sity occupying the
face of the cervin others do not  Presumabls it 15 useful to examiners who con
tinue to apph 1t and there s hitle powt m debating how useful 1t s Anvone
senioushy mterested mast trv 1t for himself in his own particular situaton After
the rodine sofutron 1s apphied the areas of normal gl cogen contaming squamous
epithehum are colored deep brown  Swnce the surface carcinomas of the portio
usuath lack cvtoplasmic glicogen thev are not stamed nor are other non
gh d surfaces—al Leratotic sqf epithehum and endocervt
cal ectopias  The exact nature of the abnormal areas encountered must be deter
muned therefore by a combrnation of gross study and hopsy It would seem
that the test mught be quite useful 1n assessing the extension of the teld onto the
outer nm of the cervix once the presence of a carcinoma w sity 1s confirmed by
bopsy
Some time ago Hinselmann devised the colposcope and it has been enthu
ssasticalls employed by several European investigators  In pnnciple the astru
ment 1s hhe 2 binocular dissecting nucroscope destgned for examming the well
dlummated cerviy m the lving patient  Every method of preparng matenal
for magmfication and every degree of magmficaton create new worlds requirmg
mterpretation and the image with the colposcope 1s not sumpls an enlarged s ersion
of the unasded eyes wsew of the cerix 1ot 15 1t a low power magmfcation of a
histologic section  Therefore onh mnvestigators who have had a wide expenience
with the techmque can farly evaluate it A discussion of colposcopr and its role
i caneer detechon can be found 1 Wespr s monograph 8t It 1s important to
realize that he p fhv has compared gross e wn colposcopic picture
and correspondeng hustologic secthions It seems unithely that the advantages and
the hrmitations of the method can be learned m anv other was It 1s emphasized
that this techmque 15 not one for exarmumng mdividual cells n vivo  The picture
depends on features such as thickness and opaaity of the emthehum and pattern
of underhing blood vessels
The exfolative oy tologic method of Papamcolaou for the study of mdnidual
cells has come to assume a promiment place 1 cancer detection  Applecation of
the method to this problem rests an recoguition of the o tologic atypicalities that
usually distinguwish cells from neoplasms from other cells  Since the o tologic
characteristics of caranoma in situ are sumdar to those of mvasihve carcitnoma
abnormal exfoliated cells from these surface fields can be recogmized maginal and
cervical smears 4 separate section of this chapter 1s devoted to the subject
PR 261277
The sponge biopsy * 1s anather techmque for the study of walated cells 4
Gelfoam sponge 16 subbed ones the face of the cervix exfoliated cells beng trapped
m the meshes of the Gelfoam The entire spenge 1s then placed m a routne
fixatne such as 10 per cent formahn 2nd dehvdrated and inhltrated by usuat
Instolagic techniques  Sechions are cut on the microtome from the side of the
bloch. that had been passed over the cervix  Ordmary staimng techniques used
for paraffin sections can be applied  If this technique were combined with a
simple method of sampling the endocervical canal 1t should be quite useful m
detection surveys hecause the speamen can be processed 1 amy patholegical
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stat i pregnancy, or the trauma at delivers or neither, 1s dircetly responsible s
unsettled, but the devedopment of endocervical ectopta during pregnancy s
surely sigmficant in the pathogenesis of this neoplasm  Murphy and Herbut®
noted that mnflammation in the squamo columnar junction arca 15 3 times more
common m multigravidas than in primiparas and speculatcd that a local concen

tration of estrogen 1n this nflamed stroma may be ctiologieally 1mportant for
carainogenesis  The posstble importance of hormonal stimult 1s further suggested
by the expertmental production of cervical and vaginal squamous carcimomas m
mice given estrogen for a relatiscdy long time # Whether there 15 in the human
beung significant correlation betwecn cervical carcinoma and hy perestrogentsm 1s
still a disputed pont but the studies of Avrc® on the ctiologic role of hyperestro

gemsm and thiamin defictency deserve amplihcation and contirmation 1t <hould
be noted that Nieburgs® has suggested, on the other hand, that a relative deht

crency of estrogen 1s assoctated with cervical carctnoma  One cannot asvord think

mg that some additional stimulus or sttmuli bring about carcinomatous changes
m the fields of hy perplastic epithelium found se frequently 1n the inflamed trans

formation zone It 15 conceivable that the recurrent ¢pathehial hy pesplasiais the
provocative stage following some as vet unrccogmzed mstiating stage of cervical
caronoma 1n the sense of Berenblum and Shuluk's® 71117 123 anymal cxperiments
These mvestigators found that repeated application of a non carcinogenic irntant
such as croton o1l was capable of provoking squamous carcinoma n shin previoushy
treated by a single mitiating apphteation of a carcinogen gisen in a dose insuff

cient to induce carcinoma or even recognizable hyperplasia An h pothesis of
this sort 1> at least m heeping with the anatomrcal development of squamous
carcinoma of the human cervin

IMPLICATIONS FOR  CLINICO-PATHOLOGIC MANAGE-
MENT OF CARCINOMA IN SITU OF THE CERVIN UTERI

Detection of Carcinoma m Situ — A carcinoma m situ may be present m a
cervix that appears grossh normal and no stgn or characteristic history may
presage 1t Despite this a hopeless attitude toward the discovery of many of the
cases 1s unnecessartly pessumstic because up to 80 per cent will accompany an
endocervical ectopia or pseudoerosion and from ane fourth to one half will have
2 history of some hind of abnormal bleeding  Post coital spotting 1s a suspicious
sign  One cannot reasonably expect leukorrhea and a necrotic mass of new tissue
with lesions of this hind  The signs and symptoms that may be present arc of
course nonspectic and most ectopas will prove entirely benign  The expected
chimical incidence based on present reports can be no more than 1 5 to about 4 per
cent  The examuner ts therefore faced with demonstrating the absence of many
In situ carcmomas for every one detected  Many patients will never consult a
phsicran dunng the 10 situ tage because of the trivial nature of the complaints
and only widespread prophs lactic surveyvs of apparently normal women would
ferret out the cases without signs or svmptoms Nevertheles careful speculum
examination of the cervi< during phy tcal examinations » a simple first step 1
And too as Noval® has pamted out the current mterest in
should not nadvertently slacken efforts to detect unadvanced

n the ovur all fight agawst cervical cancer the practitioner

cancer detection
caranoma In situ
pyert carcinomas
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9and negatinen 1 The Jast case was detected by smears and the diagnosis was
conhrmed by hustologic study of the resected uterus A more satisfactory spea
men 1s obtained by the operative removal of an endocervical cone as Martzloff’s
hasillustrated  If the latter procedure 1s done the canal should not be disturbed
by previous curettage
The great advantage of the cone biopsy 1s that 1t permuts mapping the lesion
and systematic scarch for invasion  The conc should be removed with a scalpel
toavord the senous artefact produced by any hind of electrical cutting mstrument
T'he base of the cone should be a ring encircling the transformation zone and the
height of the cone should include about 2 centimeters of the canal 1 prefer to
have the entire specimen fived 1n one piece  The antenor and postenor lips should
be clearly speaified  After fixation, the cone 1s cut into thin—about 2 millimeters
—samttal blocks consecutively numbered according to a diagram  The first
sections are tahen from each paraffin block and if provisional study of these scc
tions mndicates the need .clected blocks are cut serially  For research purposes
T have systematicalls saved every fifth section for study, but there are practical
limitations to be recogmzed  If sections are cut at 6 micra thickness a sample
15 obtained about every one tenth of a mllimeter if only every fifteenth section
1sretained  An) thing short of complete serial sections 1s an admutted compromse
with practicality,, and every laboratory will naturally work out the details best
sutted to ats facilities and requirements
‘There are obvious difficulties 1n cervical conieation for biopsy It 1s not an
out patient procedure and therefore the demands on physician and chnic and
expense to the patient are increased Post operative hemorrhage 15 sometimes
troublesome Tt scems to be general experience that only some .urgeons are adept
enough to avord post operative strictures and they, only 1if the patient vall return
for regular dilatations  Many of these objections apparently have been overcome
by Gusherg ¢ % who has deseribed and ilustrated a sumple bi valved instrument
for obtaiming a diagnostic cone  He descnbed a relatively minor procedure which
causes httle bleeding and few plications  The cone obtamed 15 however
small  An instrument can be selected from a series of graduated sizes to match
the size of the cerviv but Gusberg mentions that several bites are necessary 1f
the external os1s wide and transverse  Even when a scalpel 1s used for comization
speaial difficulties anse if an endocervical ectopta cxtends far onto the face of the
cervix because a Sturmdorf procedure 1s almost required to mclude all of the lesion
m the speamen  In these cases, some might prefer a hysterectomy 1 order to
obtam the entire cervix for thorough histologic study, others might prefer a
shallow flat ning exeision of the cervical ips and an endocervical scraping There
wil} certainly be cases in which proper management calls for a procedure either
more or less extensive than conization because diagnostic and therapeutic pro
cedures overlap Despute the disadvantages mentioned a cone specimen obtained
i one picce allows one to map the beld to determine whether contiguous parts of
the field reman 1 the cervix and to thoroughly study the field for mvasne
foci  These advantages are especially important since the gross appearance of
the lesion 1s often deceptive
A rehable biopsy 15 possible only with a satisfactory specimen  An expensive
time consuming histologic study 1s hardly worthwhile on tissues altered by an
electrical current  The specimen should be removed with a sharp nstrument
and then the cautery may be used if 1t 15 deemed necessary or advisable The
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laborators I urthermore, the stamed section should be readsly interpretable by
any pathologist

The Biopsy of Carcinoma n Situ —Any combination of methods may un
cover the lesion, but no matter how the prelimunary studies are done, identification
of carcinoma 1 situ depends on histologic evaluation of a properhy obtawned
spectmen for biopsy  Many cases are first detected by biopsy, and a number of
chimces rely chicfl on this method to uncover the lesion  If reasonable expenence
on the part of the pathologist 1s 1ssumed, 2 diagnosts of carcinema n sttu means
one of two things  Lither the cervin contaws onlv a carcinoma 1n situ or else
somewhere 1n the field but outside the area sampled histologically, there 1s also
mvaston at one or more sites  Unless the cervix has been thoroughly examined and
any grossh suspicrous area taken for biopsy, an obvioush mvasive leston may be
misecd and only the surface portion of the lesion included m the speaimen This
same problem arises when small invaswve lestons occur i part of the ficld occupy
mg the endocervical canal  Pund and associates!® 1 have called them ¢ covertly
mvasive  caramomas which may not become overt until they have undermined
the portio epithehum and broken throughat  urthermore, one can hardly guar
antee the abscncc of microscopic foct of invasion Ithe those wlustrated n figure 51
short of thorough, ideally sertal histologic sectioming of the entire leston Within
the bounds of practicability then, methods which stand the best chance of pro
viding matenal for an accurate evaluation must be sy stematically applied  No
one approach can be dogmatically recommended but 1n order to avord confuston
the crmcian and the pathologist must cooperate so that each knows what the
other 1s downg and why he 1s domng, 1t

Selectron of the specimen for bropsy presents a specal problem since no dis
tinctnve gross features scrve as guides excluding from diccussion fields contamning
a small, but ¢vident invasne caranoma  Those who wish to use additionat
methods of gross exammation may find the Schitler test and colposcopy helpful
wn determumng, the sites to be chosen  Otherwise, the guding principle 1s that the
transformation zone and its squamous epithehal margin should be sampled
Based on a study of 27 cases T'oote and Stewart?® found that about half of the
cases would have been discovered i a biopsy sample from either antenor or
postenior Iip more than two thuds tf both had been sampled and 25 of 271f both
lateral angles and both lips had becn sampled Howard ¢ af ¢ found however
that only 2 of 14 cases would have been discovered by a single full thichness block
removed from the operative specrmen  lhese studies show that chance enters
to the discovery of in situ carcinoma and as expected that the chances are
increased with increasmgly wider sampling  One of the theoretical advantages
of exfoliative cytologte study 1s that the entirc cervix and canal arc sampled 1n
properly obtamed smears

The detection of lesions withn the canal by biopsy sampling and the venfication
of such lestons when they are suspected by smears present additional problems
I wo methods 2re applicable  The stmplest method 15 to obtan cervical scrapings
with & curette or with a spoon m addition to the usual punch biopsies The
effectrveness of this methed s illustrated in Pund and Edhols ©° report of 54 cases
of “premvasive” caranoma in which both excised biopsy samples and endocer
vical serapings were taken  In 25 cases the surface carcinoma was found i both
the biopsy sample and the endocervical scrapmg  In 44 cases the bopsy sample

was posive 1 10, negative  In the latter 10 cases the scraping was positive In
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nosis of carcinoma 1n situ 1s established by biopsy  These procedures likewise
provide a specimen which can be thoroughly studied 1n seral sagittal blocks
If invasion 15 found 1n the operative specimen, intracervical application of radim
15 of course, not possible but roentgen ray treatment 1s
Since operative treatment 1s effective there seems to be no reason for primary
irradiation of the non invasive lesion One of the great disadvantages of wradia
tion 1 that there 15 o secure means to determine the nature of the lesion that 1s
Dbeing or has been treated If because of uncertamty , every lesion must be treated
as though 1t were already mvasrve the non mvastve, as well as mvasive, cases
must be subjected to full and proved therapeutic courses and, hence to the risks
of post radiational complications In addition ovanan function of young women
15 unnecessarily destroyed mn cases of no more than in situ carcmoma  Despite
these considerations 1rradiation 1s used mn a number of clinics ®
There 15 place for considerable individualization of treatment Younge ef al 1%
for example do not hesitate to follow a young patient who may desire children
ating the long average in situ period as a probable safeguard  Until more 15
Lnown there 15 good reason before mstituting treatment to consider the impor
tance of the personal and social situation when there 15 reasonable assurance
that the leston 15 only 1 situ carcinoma
If 2 number of operative specimens are thoroughly studied cases with genumne
microscopic stromal mvasion at the time of operation will be discovered The
proportion of such cases discovered likely varies with the thoroughness of his
tologic study, but the relative frequency remains to be determined  The solution
of the problem 1s of obvious importance before any sensible answer can be given
to the question of how radical the operative procedure should be if and when
operative treatment 1s decided on  Data presently available are too vanable to
be conclusive  Gusberg™ reported microscopic mvaston n 5 of 10 cases inves
tigated by considerably less than senal sections of cone biopstes he illustrated one
such mvasive focus distinguishing true invasion from glandular involvement
In a later series® the same investigator found mucroscopic mvasion 1 only 15
per cent of 66 cases Foote and Stewart™ found mnvasion n only 1 of 28 cases
Younge et al ¥ found definite mvasion m 7 of 13> cases and probable or question
able imvasion m 12 additional nstances Douglas and Studdiford * reported
unsuspected mvasion m 3 of 16 cases If penetration of lvmphatic channels 1s not
demonstrated in addition to stromal mvasion, there 1s considerable question that
more should be done 1f a hysterectomy has already been performed The decision
will perhaps depend on the thoroughness of the histologic studies It 1s at least
the pathologist s duty to make the situation clear and not to report stmply
squamous cell carcinoma or  early squamous cell carcmoma  Clanfy mg the
situation actually means clearly explaiming the problem Ihave found that the
best explanation 1s a microscopic demonstration  After a few demonstrations a
report 1s readily comprehended when 1t states that a single microscopic focus or
multiple microscopic foct of stromal invasion (ke those illustrated n Fig 51)
have been demonstrated n a wide field of carcinoma m situ  If this Lind of report
does not say simply that the lesion 1s or 1 not a carcinoma 1t has the virtue of
adhering to demonstrated fact accurately depicts the development of the patho

logic process and does not err in making overly simple a problem 1 treatment
whichis, afterall aproblem
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usual punch biopsy forceps have hmitations because the spectmens obtained are
small and not easily oriented to permut sectiontng perpendicular to the surface
It would be a distinct advance f the forceps described by Younge ef of * came
nto widespread use  They enable the operator to obtamn a sharph nased rec
tangular block which can be properly oniented for paraffin smbedding  Each
specamen should at Jeast be labeled ¢ g, anteror, posterior, left night, canal, ete
A simple diagram of the lesion and the sites sampled 15 extremely useful for future
reference  Luery cone biopsy should be oniented so that the rcconstructed map
can be referred to theuterus  Inshort the aims of the diag nostic procedure should
bic understood alihe and agrced upon by surgeon and pathologist if the patient's
interests arc to be properly served  These aums depend at least i part on ane s
understanding of carcinoma in situ and point of view toward treatment
Implications for Treatment —The prescnt uncertamn state of hnowledge
precludes categorical principles of therapy  Cratieal understanding of the etiology
or ctiologies of carcinoma in sitw 15 wanting  Why the field develaps i one m
flamed ectopia and not 1n another orindeed 1n a virtually normat looking cenviy,
remains unhnoy n - Since the conditions provolang muaston n the field are
obscure therc 1s hardly reason to suppose anyone could predict m which cases or
just when mvasion would occur It must be confessed that after all the vears of
study and discussion there 1s no exact smformation about the frequency with which
masive carctnoma develops  But since imvasive foct mav develop there is hittle
doubt that the patients usualhy will be treated mn some way H€9 A recent
surver® of therapeutic poliey m the university medical centers of this countrs
and Canada indicates the dnversity of procedures in use today  Payne? and
Younge®” have briefly but critrcally discussed this problem
If treatment will be rational 1t 1s crucial to determine whether invasion has or
has nat developed 1w the field It makes no difference how abnormal the cells
may appear or even how they behave m artificial circumstances no harm s done
so long as they remam confined to surfaces not excluding glandular surfaces
\fetastasis from a carcinoma tn sttu is umposstble  If there 15 metastasts the
stroma has been penetrated i at least one mvasive focus although it may have
been a small ane It would seem dufficult to justify radical operative or irradia
tronal pracedures for non myvasne lesions winch can be simphy removed ar des
troyed For evenv case chmeally progressing to mnvasion there are a score that
have remamned well after simple hystercctomy  or even cervical amputation or
cauterization  When 9> per cent or more of lesions are curable by simple methods
the nish of post operative ureteral fistulas after hmph node dissections and of
post wrrachational strictures and fistulas seems unwarranted  This 1s then the
practical importance of svstematic histologic study to determine whether myvasion
hasoccurred  Asyit there1sno sub titute for this often labortous procedure
Sometimes a diagnostic cone is found to contamn the entire field  If nomvasne
focus 18 demonstrated 1t may be appropriate to do nothing more but tollow the
patieat with oxfohiative o tologic studies and repeated biopsies  If the held
eviendstothe margmsof thecone a morecxtensive operative procedure can bu dore
and the remaimder of the cervic studied If imvasion 1s discovered arradiation or
radrcal hysterectomy ora combination of both 1s avadable after conization
ration of the uterus s of no moment becausc of age or other personal and
sterectomy an abdominal hy sterectomy or the ¢ moch
{ Galvin and TeLinde may be chosen aiter the diag

1§ pre.<!
social factors & vagumal hy
fied Werthen  procedure o



31

w

2
33

o

4

o

5

e s
838

o
]

40

4t

42

PROBLIM OFT CARCINOMA IN SITU 257

Foore I W JR 1nd StCwart F W The 1 Distribution of hel
Epdermord Carcinomas of the Cervix Cancer I 431 1948

Franqué O V  Leuhoplahin und Carcinoma vagmae et uten Ztschr { Geburtsh u
Gymah 60 237 1907

—————  Leukoplakie und pracancerose Veranderung des Plattenepithels Zentralbl
f Gynak 51 898 1997

Gacvon F Contribution to the Study of the Etiology and Prevention of Cancer of the

Cervix of the Uterus Am ] Obst and Gynec 60 516 1950

GasiN G A and TcLinoe R W The Present day Status of Nommasne Cervical
Carcinoma Am J Obst and Gynec 57 15 1049

GaLviv G 4 Duagnouts of Cancer of the Cervix  The Early Lesion Radiol 54 804 1950

——————  Personal Communication August 1951

GLapsToxE § A Diagnosis of Early Carcrmoma of the Cervit by Sponge Biopsy New
England ] Med 241 48 1949

Grass M and RosenTeaL A H  Cervical Changes in Pregnancy Labor and the Puer
perum Am J Obst and Cynec 60 353 1950

Gratmiase B Ueber Versuche zur cytologischen Differenmerung des atypischen Portio
epithels mit Hilfe von G und Pl Lopte § hweiz med
Wchnschr 78 720 1948

Die Rey, an der Portio und ihre Bedeutung fur die Entste

fung dew hollumkarznoms Gynaecologia 178 25 1949

_ ahrungen mut der heteropla t1 chen Transplantation als Maligmtatstest
Schweiz med VWehnschr 80 435 1950

————  Studien uber die des Plat: der Portio vagt
nabs utert Schweiz Ztschr f allg Path u Bakt 13 Suppl 1950

GLtcrsMANn A The Histogene 1s of Benzpyrene Induced Epidermal Tumors it the
Mouse Cancer Research 5 385 1915

GoLppEreck M A and Mintz N Early Carcinoma of the Cervix Its Pathological
and Chmcal Aspects J Mt Smaz Hosp 14 785 1047

Grrene H § N andLunp P L The Heterologous Transplantation of Human Cancers
Cancer Research 4 352 1944

Grecne H § N The Microscope or the Guinea Pig” Yale J Biol and Med 18 239
1946

Tusues J A M A 137 1364 1938

Guseere S B Detection of Farly Carcmoma of the Cervix  The Conmng Biopsy Am ]
Obst and Gynec 57 752 1949

— Comng Biopsy 1 the Detection of Early Cancer of the Cervix A Survey of
500 Normal Yomen Am | Obst and Gynec 61 276 1951

—— Newer Concepts of the Early Stages of Carcinoma of the Cervix and Therr
Clintcal Recognition Med Clin North America 837 May 1951

HarsETT W L A Statistical Report o 955 Cases of Cancer of the Cervix Uter and 321
Cases of Cancer of the Corpus Uter Brit J Cancer 3 433 1949

Hasetuorst G Portioleukoplahie und Rarzmom Ztschr § Geburtsh u Gynmak 701
672 1932

Hmmmun H  Zur RKenntms der pracancerosen \eranderungen der Portio Zentralbl

Gynak 51 901 1977

———— Bestrag zur Ordnung und Ableitang der Levkoplakien des weiblichen Gemtal
traltes Ztschr f Geburtsh u Gynak 101 147 1931

— Bericht uber e endophytisches Portiokarzinom von 918 cbrrm etner exul
zenerten Oberflache von 3545 mm erhaltener Matrrs von 9 § mm und emer grossten
Tiefe von 85 mm nach emner Demonstration 1 der Geburtshilfichen Gesellschaft zy
Hamburg am 8 Mat 1931 Ztschr { Geburtsh u Gynah f01 603 1931

————  Ausgenahlte Ges: hispunkte zur Beurteling des Zusammenhanges der
Matrixbezicke und des harzmoms der sichtbaren Abschnitte des wetblichen Genstal
traktes Ztschr { Geburtsh w Cynak 104 228 1933

g 1 die Kolposk P Hartung Verlag Hamburg 1933 Cited

by Tespt Bt

Horsater J  Epithehal Proliferation in the Ceryix men Dunng Pregnancy and Its
Climical Implications &m ] Obst and Gynec 25 779 1

HorrMaN G L Jr  Current Trends i Diagnosis and Trealmen: of Cervical Cancer
Am J M Sc Z17 681 1939

Hoce R H Carcinoma m situ of the Cervix A Survey of Tts Treatment in the United
States and Canada Obst and Gynec Survey 5 671 1950
17



256

O

ES

@ »

™

13
14

@

®3 >

3

2 M
I B

a3
3 ®

TROBLI M O CARCINOMA IN SITU

PEFTRTNCLS

The American Cancer Society Inc N\ew York The Problem of Cancer Control (Prepared
for the Natton) Conference of Socinl Work Annual Meeting 1950)

AsprrsoN A T' The Diagnosts of Fatly Carcinoma of the Cervit Uters and Its Impk
cations J Obt and Ginve Bat Emp 57 1 1950

Ausrmar S H nd Ptan & R Squamous Metipltsrt of the Cenix Uten Am
Obst and Cynec 49 204 1945

Asrr J T Cervien? Cancer A Disordercd Growth Response to Inflammation 1n the
gch]r:)c;ur Lstrogen I <cess and Mutntronal Deficiencs Am ] Obst and Gynec 54

~——————— The Vaamil Smear  Precarcer Celf S udses Using o Modifed Technigue
Am J Obst and Cynec S5 1205 1949

Brreannum 1 oand Siusik P An Expenimental Study of the Imtiting Stage of Carcino
geness and 1 Re examination of the Somatic Cell Mut itton Theory of Cancer Brt ]
Cancer 3 109 1949

The Persistence of Latent Tumour Cells Induced tn the VMouses Skan by a
Single Apphcation of 9 10 Dimethy! 1 2 Benzanthracene Bnt J Cancer J 384 1949

Canvrunsel R oand Jrarrsrsow B L Dasal Cells in the Epsthehum of the Humran
Cenvical Canal J Path and Bact 49 63 1939

——————— Squamous Metaplrsi1 of the Columnar Epithelum m the Human Cervit J
Tath and Bact 52 173 1941

Cikrow 1 A and CrreNt R K The Eprthelia of the Pregnant Cenvix Am J Obst
and Cyren 61 237 1951

CirruTHERs € Chenncal Studies on the Transformmition of \louse I'pdermis to
Squamous Cell Carunoma A Review Cancer Research 0 255 1950

Cmateg SIRG 1 and Cuyesr N Tumours of the Breast ¥ fuldelphiy J B Lippincott
Company 1931

Curumrsey I On the Lttology of Some Humtn Cancers J Nt Cancer Inst 72 1 1951

CorscAptN ] A The Treatment of Tarly Carainoma of the Cervix Utenr im ] Obst
and C voec 50 272 1950

Cownry E V and Patrrry F X Changes in Cellulir Nuclewr and Nucleolar Sizes
Durtng \Methylchalanthrene Lpt lermal Carctnogenesss J N\at Cancer Inct [ 745 1940

Cravir W oand Stowitt R £ The Iarly Stages of Carcinogeness by 0 Methylcho
lainthrene 1t the Shin of the Mou e 11 ‘hcroscopie Tissue Chinges J N\t Cuncer
Int 2 379 1941

CutLeN T S Cancer of the Lierus Philidelphia W B Saungers Lo 1909

Enrly Squimou Cell Carcinoma of the Cervix Surg Cynec and Obst 33

137 1921

Cuitcr W R Per onal Communication  Unpublished Observations on 112 Cases of
Intraepithel) Carcinoma and 475 Cases of Imasne Carcsnom of the Lervix

Daskortt D N\ The Syuamous I'pithelium and Squamocolurrnar Junction of the
Cervix During, Pregnancy Am J Obst and Cynec 60 985 1950

Dovts 4 W Awumortd C T Brounx W W Jr and Bronstap M T Jr Non
myasise Cervietl Caremoma Chinical Features Am J Obst and Gynee 57 376 1949

Di PaLya S Statistic i} Analvsts of 1 63+ Cases of Cervacal C remumy Ar J Swrg 79
703 1950

DotoLss C W and SteopiForp W E  The Diagno s of Early Ciranoma of the Cenis
burg Gymec and Obst 2/ 728 1950

Dens J FOJr The Use of Exfohative Cytology for { eneral Pornlation Screer ng 4
lectare grven m a Sympo 1um on xfolntne Cytology Cancer Detection and Diagnosts
at the Medicnl College of Ceorgta Augusta Georgin  December 1951

Esmueictt | P Histologische Vachuntersuchungen ber Leuhopl ikien Ztschr f Geburtsh
u Gynak f14 1 1937

taiceunt H [oand Cosan D R The Amebod Motility of Human and \mmal
Neoplastic Cells Cancer 3 1033 1950

Ferigreon J W W HELLMAN L M Gamamny & 1 and TRent B The Vlorphologeal
Changes m the Cervix Dunny, Pregnancy  Including Intragpitheh it € ruroma Am
Obst and Gynev 67 50 1951 R

Truer J C and HorLovon J H 4 Mechami m for the Onign of Cir~er Foes Sc ence

nlxle !:ﬁx 135% Epldcnmda]xzut:)orguf the Cervix Ltert ind Tt Rel tior to Mn'! gnancy

11 192

e J Obsi\ﬂgl‘n(:c’:l\e:nd Hi topitholop Study of Le 10ns of the Cervix Utert Darog

E— Obst and Gynec 55 133 1948
Pregnancy Am J



92

v
&

101

19

B4

103
104

105
106

107
108

109
110

111
112
113
114

120
121

122

123

PROBLEM OF CARCINOMA IN SITU 239

What Ce an Ad te Cancer Detection Exammnation of the Cervix?

With Comments on the Supplementary  alue of Surface Biopsy Am J Obst and Gynec
58 851 1949

OrrR J W The Chinges Antecedent to Tumour Formation During the Treatment of
Mouse Skin with Carcinogenic Hydrocarbons J Path and Bact 46 495 1

PaN S C andGarover W U Carcinomas of the Utenine Cervreand \agmn m Estruge‘n
and Androgen Treated Hybnd Mice Cancer Research & 337 1948

Paywe F L Discussion of Corscrden

PeARL R Introduction to fedical Biomelry and Statsstics 2nd Ed Philadelphia W B
Saunders Co 1930

PEMsERTON F A and SMitH G vANS  The Early Diagnosis 1nd Prevention of Carcinoma
of the Cenix A Chmcal Pathologic Study of Eorderlme Cases Treated at the Free
Hospital for Women Am J Obst and Gynec 17 165 1

Pronat K Zur Lehre von der Histogenese und dem “achs!hum des Uternscarcinoms
Arch f Gynak 89 596 1909

Punp E R and Auerpacr S H Premvasne Carcimoma of the Cenvix Utenn J A M A
131 960 1946

Punp E R Nermees J B Dick T Jr and Carowert £ S Jr  The Pathology of
Tarly Carcinoma of the Cervix  The Status of Premvasne Cancer A Study of 155 Cases
South M J 41 711 1948

Pusp E R Nrrrees | B Catbwett ] D and Niceures H E Premmvasne and
Invasiye Circinoma of the Cervix Utenn Pathogenest  Detechion Differential Diagnosts
and the Pathologic Basis for Management Am J Ob-t and Gynec 55 831 1948

Ptap E R and Ecuots J M Subchmical Caremoma of Cervix Utern  Evaluation of
Endocervicnl Curettage m Detection and Differential Diagnosts of Preinvasne and Cosert
Imasne Carainoma J A M A J43 1226 1950

Ptsp E R Tersonal Commumieation July 1951

Ranoatr J H Reent W C WirtmseN H C and ScorT | W Carcinoma of the
Cervix  (University Hospitals 1926-1942) Am J Obst and Gynec 359 285 1950

Rupiv I C  The Pathological Diagnos:s of Incipient Carcinoma of the Uterus A J Obst
62 663 1910

——————  Early Cervical Carcinoma 1n Three Climically Unsuspected Ca es Inaidental
to Plastic Operations J Mt Smai Hosp £2 607 1945

Personal C 1on April 1951

SciauensTriy W Histologisthe Untersuchungen uber atypisches Plattenepithel an der
Portio und an der Tnnenflache der Cervix utert Arch f Gynal &5 576 1908

Scuerrey I € Discussion of Galvm and TeLinde ®

Sciiier W U r Entstehung der Geschwulste 1 Teil  C
des Tterus Yrchows Arch | p‘ith Anat und Phys 263 2/9 1927
er des Por und thre Diagnose Arch { Gynak

133 211 1978

—— "Farly Duagnow of Caranoma of the Cervix Surg Gymec and Obst 56
210 1933

lakia L kerat and Carcinoma of the Cervix Am ] Obst and

Gynec 35 17 1938

Clinteal Behavior of Farly Carcinoma of the Cervix Surg Gynec and Obst

66 129 1938

Schmirz H and Benjasin E L The Early Histolo ic Diagnosss of Carcinoma of the
Utenme Cersix J A M A 103 808 1934

ScHOTTLAENDCR J and RERMAUNER F  Zur Kenntmss des Uterns kar noms Berhn
Verlag \on § Karger 1912

Screrapes E Jr and Stevensox K 5 Uber die Latenzperiode des beginnenden Collum
Carcinoms und die Daver semner Symptomireihest Arch { Gynal 167 416 1938

Scorr R B und Brack C B T3 of Carey
of the Cervix Bull Johns Hopkins Hosp &4 526 1949

SueErs N Usual and Unusual Findings m the Cervix Uten at Time of Repur Im
meduately Follonmng Delnery West J Surg 56 317 1948

Smivriy M B Duration of Life i Untreated Cancer Cancer 4 1 1951

Sutmmm P Studies on the Promoting Phase in the Stages of Circinogenesis m Mice Rats
Ribbits and Gumea Pigs Cancer Re earch 10 13 1950

————— A Compnson of the Skin Tumours Induced by Repeated Appheations of
Curcinogeme Hydrocatbons and Those Induced by a Single Application of a Carcinogen
Tollowed by Repeated Applications of Croton Ol Cancer Research 70 241 1950

—————— _ The Growth Potentiakities of Induced Skin Tumors i Mice The Lifects of
Different Methods of Chemucal Carcinogenests Cancer Research 10 713 1950




258

62

o
2

6

2

S
A

o
£

68
69

70
7

72
13

-
&

77

78

o
=4

1
&

0 ———
1145 1937

PROBLI'M OF' CARCINOMA IMN SITU

Howwep I Jr Erickson C C and Stopparo I D A Study of the Incidence and
Histogzenesis of Fndocervical Metaplasi and Intraepithehal Carcinoma  Obser ations on
400 Uter: Removed for Noncervical Discase  Cancer 4 1210 1951 Am J Path 25
193 1949 (Abstract)

Hustir O B and I'tscuce R H The Relationship of Carcinoma in Situ to Invasine
Carcinoma of the Cervix A\ Ann District of Columbia 19 9 1950

Jones HE - Cervical Epithehal Changes Over a Thirteen Year 1enod Terminating n
Epidermord Carcinoma Am ] Obst and Cynec 60 1369 1950

Joxrs H W Jr Gaviv G A and TELinoF R W Intraepithelal Carcinoma of the
Cenvix and Its Climical Implications Internat Abstr Surg 97 521 1951

knigut R VAN D Superfical Nonimastye Intraepithehial Tumors of the Cervix Am J
Obst 1nd Gynec 46 333 1943

Touparp H L and Potter E A Epdermological Aspects of Cancer of the Cervix
11 Hereditary and Environmental I'ctors Cncer 3 960 1950

Marrewant R € The Incidence of Cancer of the Uterme Cervix Brit M J 1 978 1949

Martzrorr ko H - Carcinoma of the Cenvix Uten—A Very Carly Case Bull Johns
Hopkins Hosp 33 221 1922

————— Leucoplkia of the Cervix Uter1 Am J Obst and Gynec 24 57 1932

————~—  The Recognition of Early Cancer of the Cervsx Utens Intermat Chn Forty
fourth Series 4 179 1934

————— Cancerof the Cervix Uten  Recogmition of Early Manifestations ] A M A
111 1921 1938

———  Newer Aspects of Thagnosts in Tarly Carcinomn of the Cervix Utenn Am J
Surg (New Senies) 435 238 1940

McMants J F A and Finory L Hi tochemical Studies on Glycogen 1n Carctnoma
m Situ of the Cervix Uten Surg Gynec 1nd Obst 89 616 1949

Mrics J ¥ The Dingnosts of Carcinoma of the Uterus by the \ aginal Smear \ethod
Bull \ew Englind Med Center 7 49 1945

Mricr R Die Cpithelentnicklung der Cervix und Portio vagimalis utent und die Pseudo
erosto congemita (congenitales histologisches Fhtropium) Arch f Gynak 91 5.9 1910

————— Die Erosion und Pseudoerosion der Ernachsenen Arch f Gynak 9/ 658
1910

Uber Epid dhisterung (Ersatz des Sch > durch Pl hel)

n der Portio \aginahs uten nach Erosion an Cenvicalpoly pen und 1n der Cervical chleim
haut Tin Beitrag zur Frage der Stuchchendiagnose und des pracincerosen Stadmms
Zentralbl f Gynak 47 946 1923

—————  The Basis of the Histologscal Dingnosts of Carcinoma Surg  Gynec and Obst.
73 11 1911

——— The Histolomcal Diagnosis of Early Cervical Carcinoma Surg  Gynec and
Obst 73 129 1941

———— Autobtography of Dr Robert Meyer “ew York Henry Schuman Inc 1949

Morris J McL and Mrigs J ¥ Carcmoma of the Cervix  Statistical Evaluation of
1938 Cases and Results of Treatment Surg Gynec and Obst 90 135 1950

AoLLgr J H Discussionof AnpERFs E  [ie Prak der wetbhchen G
organe Schweiz med Wchnschr 73 1087 1943

Murey E D Carcinoma of the Cervix it the Nou e and Its Exfohatne Cytology
Exhibit 48th Annual Meeting of the Amencan Assocrition of Pathologists and Bactenol
ogists Cleveland (Ohio) Apnil 1951 and Personal Communication July 1951

Muresy L J and HExbuT P A The Uterine Cervix Durning Pregnancs Am J Obst
and Gynec 59 384 1950

NicwoLsoN G W pr P Studies on Tumonr Formation London Butterworth & Co
(Publishers) Ltd and St Lows The C ¥ Mosby Company 1050

~NicLres H E and Pusp E R Detection of Cancer of the Cervix Uten Evaluation
of Comparative Exfoliative Cytologic Diagnoss A Study of 10000 Caes J A M A

1 1950
'\|I:IZZLKZGZS H E Endocrine Factors m Cancer of the Cervix Uten Am J Obst and Cynec
4 51

N(‘)’wustl9 The Pathologic Diagnosis of Early Cervical and Corporeal Cancer with Special

Reference to the Differentiation from Pseudomalignant Inflammatory Lesions Am

d Gynec 18 449 1929
Obst and O somalgnant and Precancerou Lesions of the Cervre ] A M A 108

M T Gy necological and Obstetrical Pathology With Chinical and Frdocrine Relations
70d Td Philadelphia ¥ B Saunders Co 1947



THE RECOGNITION Or CARCINOMA IN SITU OF THE
CERVIX UTERI BY PAPANICOLAOU'S METHOD

By W ArnveEte COvier, P D

INTRODUCTION AND DEFINITION OF
EXFOLIATIVE CY TOLOGY

EXFOLINTIVE eytology 15 the study of cells of the emthehal layers which are
desquamated as a result of necrobiosts  Desquamation occurs from the exposed
surface of 2 neoplasm as well as from the surface of normal epithelum  When
the celis are shed into a cavity, an opportumty 1s provided to collect them

The study of vaginal cytology in chnical problems s not new  Lpithehal
elements from the vagina were studied a century ago = Citologic vanation mn
the vaginal epithelam 1s used today as a dependable qualitative mdex of estro
gemcactivity  The charactenstics of the superficial vaginal epithehium may ndt
cate also vagmal mfection and my cotic or protozean wmfestation  On accasions
intrauterine pregnancy and threatened or imcomplete abortion may be strongly
suggested by cellsin genitai smears  Thevagnal pool may contain cells exfohated
from the mucosae of the entire fernale gemtal tract

Smears of unne were employ ed half a century ago® m an effort to dsagnose can
cer Approvimately a quarter of a century has passed since Papanicolaou pub
hished his onginal communication on the presence of uterme cancer celis i vaginal
smears® The sigmificance of hus nord apparently was not fully realized by chm
cians until 1943 when Pap and Traut published their monograph on the
subject 7 Although this method of cancer detection 1s still viewed with con
siderable pessimism by some 1ts value has been recogmzed by many entical chm
cal imvestigators who have had expenence with proper apphcation of the pro
cedure

VALUE OF THE MLTHOD

In the past few years a uigmficant number of nvestigators has pubhshed data
sufficient to establish exfoliatrve cytology as an accepted fickd n the detection
of cancer and 1n the study of the histogenesis of neoplasms  As a result of wide
tecognition Papanicolaou s method of cancer detection has been applied to all
body systems trom which fhuds can be obtamed It has been emploved for dif
ferent purpo.es 1 a variety of different hinds of investigations

‘To the public health official associated with a cancer control program, the value
of the method fies m 1ts abibity to uncover asymp 1c malignant neoplasms in
individuals unaware of their disease  Obviously cytologic studies arc important
to the thoroughness of cancer detection ¢xammations provided for the pubhe

Interpretations of exfoliated malignant tumeor cells in stears strengthen clinical
mmpressions of cancer in locations from which 1t 1s difficult or wapossible to obtan
tissue for biopsy prior to major operations
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meluded 1n the smear there 1s difficulty in properly visuzhang the underlving
epithelizl elements

Ve have employ ed asprrabion routinely to obtam matensal for smear study and
have found 1t satisfactory  Smears made from the endocervical canal before and
after soundimg are best for detecting earlv cervical carcinoma A small, thin
metal scraper for dry surtaces, a lip of the speculum or Ayre’s spatula have been
used on occasion  Any method which seems appropnate for the aircumstances
should be emploved

Two smears one from the vagmal peol and one from the external cervical as
are made routinely  Additional preparations are made when 1t 1s thought they
may be helpful Ths 1s especially applicable when there 1s an open lesion of the
lower gemtal tract and when there 1s profuse utenme bleeding  \ agmal and cer
vical smears are made routinely because of mterest in the periodic changes in the
vagmal mucosa  If one were himited to making only a single preparation, the
cervical smear should be used for the purpose of cancer detection  In our exper
sence, betsecn 15 and 18 per cent of cases of squamous cell cervical caranoma
would be mssed 1f vaginal smears alone were employed * In general this agrees
with the expenence of other mvestigators  We have found also that in more than
60 per cent of the patients who had carcinoma 1n situ, the vaginal smears did not
contain diagnostic cells However Achenbach ef a? * employ onhy the vaginal
smear and find 1t quite effective 1n detecting cervical m situ carcihoma

It 15 well known that early cervical carunoma 1s detected in smear  tudies with
tauch less exror than far advanced carcinoma  Inlate stages of the tumor necrasig
and cot xistent secondary infection result in a stoughing surface which contams
very few, if any intact cancer cells and from which few cells of diagnostic value
are exfoliated It 18 probably true that the number of tumor cells desquamated
decreases with increasing necrosis and accompanying inflammation  Whether
m addition cytolyss in the vagmmal pool of those epithehat celis that are des
quamated accounts for fathure to detect some squamous carcinomas, by the study
of vagnal pool specumens, would be difficult to demanstrate  This cowld be the
case with advanced carcinoma  But 1n most cases of i situ carcinoma, this 1s not
sizificant because the epithehal surface 15 well preserved and the cells mn the
vaginal pool are not excessively exposed to bactenal and leut ocy tic enzymes

CLASSIFICATION OF GENITAL CYTOLOGIC SMELARS

The classification of genital smears mto Types I to V has been extensnvely uscd
simce Papamcolaou proposed 1t Recently increasing mterest 1n the changes
which occur m the cervical epithehum with carcnoma m situ? 01 5283 ang
with pregnancy? ® 7' have led us to certam alterations in this basic classification
Studies of the cervical atypicalities . pregnancy necesstated redefimuion and
subdiision of our Type 11 the category which included atypical but bemgn
cellular changes® The subdivisions were based upon morphologic changes of
wdividual cells of the cervical ¢mthelium and upon the hind and degree of ab
normal andjor atypical nuclear changes  The atypical nuclear changes requinng
segregation are found i certan pathologic states 1dentified histologicalls as
squamous epithelial hyperplasia endotervical squamous metaplasia or even
caranoma i st These nuclear changes differ from the nuclear changes found
wn pathologic states identified hustologically as cerviaatis
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‘The procedure 1s used commonly n obstetric and gy necologic patients for nu-
merous reasons The lower genital tract can be explored ¢y tologically with con
siderable easc and accuracy  Squamous cell carcinoma of the cervix 1s the second
most common cancer 1n women It can be identified as cancer in smears with less
wrror than other gemtal neoplasms with the possible exception of adenocarcinoma
of the cerviv  Usually materal for biopsy can be obtamed with httle difficulty
Ths dhagnostic measure checks the accuracy of ¢y tologic nterpretations and has
been responsible for the ¢stabhshment of genital cs tologic studies as part of 2
gy necologic examnation Since it has been accepted m gy necologic and obstetric
practice, ¢y tologic inturpretation has been of incalculable value 1 the control of
cancer as a result of the detectson of early, curable lesions

Tn addation to calling attention to early imvasine cancer gemital ¢y tologic studies
m women reveal abnormal cells exfohated from non mvasise carcinoma or per
haps only epithelium which has undergone metaplasia and marhed cellularaty pism
It 15 generally agreed that in mitrating further mnvcstigation mn these cascs, the
cytologist contributes significantly to cancer control Therefore gemtal oy tologic
studies are bemg directed towards the indications of neoplastic changes which are
not advanced cnough to be chmically apparent

Ve have becn impressed® s with the accurate selection of cervices that contain
histologically demonstrable abnormal epithelium not sufficiently atypical to be
diagnosed pathologically as carcinoma 1n situ These aty pical growth patterns
often are found 1n young women The smear method 15 a practical nay to detect
such lestons with minor nconvenience to patients Through 1ts widespread applt
«ation to this problem valuable data on the genests of neoplasia may be assembled
if a sufficient number of cases be followed and repeatedly studied

COMMENTS ON TECHNIQUE

The quality of the smear preparation dehvered for study greatly mnflucnces the
efficiency of the cy tologist and the accuracy of his interpretation of the cell» n the
smear ™ The quahty for the most part 1s the combned result of two technical
procedures leadimg to the fimshed product (1) makmg and fixing the smear and
(2) staimng the smear  Proper sclectton of material for the preparation folloned
by correct fixation probably 1s the more smportant  Good stammg 1s necessary
of course but once the staimng process has been established there 15 httle chance
at this posnt of a poor preparation  Papanicolaocu s stauning procedure 915 recom
mended Shight modifications have been made ta the technique * In our work the
amaunts of dyes in the triple counter stam have been reduced

The need for care 1 preparing a smear cannot be over emphastzed It requires
but a few seconds longer to make a good preparation than to make a poor one
Blood necrotic debris and inflammators exudate may so clutter a smear that the
epithelial cells are quite obscured  On the other hand few cells of any kind may
be obtamed if there 15 vaginal or cervical stenosts or atrophy of the mucosa In
cither case an mnterpetation 1s difficult or smpossible  With some thought and
patience 2 catisfactort spectmen usually can be obtamed even m difficult arr
Cu?lit::::\slcal mucous plug has 1ts value 1 other studies but not wn cancer dct;(‘

fion It should be ehminated before obtaming material fx;lom thde ?ir}:’lcx:lu(c‘is?sr
smear prcpamtmn It contains refatrvely fen epithehal cells andf the
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included m the smear there 1s difficulty in properly visualizing the underhying
epithelial elements

Ve have employ ed asprration routinely to obtam matenal for smear study and
have found 1t satisfactory  Smears made from the endocervical canal before and
after sounding are best for detecting early cervical carcmoma A small, thin
metal scraper for dry surfaces, a lip of the speculum or Ayre s spatula have been
used on occasion  Any method which seems appropnate for the circumstances
should be employed

Two smears one from the vaginal pool and one from the external cervical os,
are made routinely  Additional preparations are made when 1t 1s thought they
may be helpful This 1s especially apphicable when there 15 an open lesion of the
lower gemtal tract and when there 1s profuse uterine bleeding  Vaginal and cer
vical smears are made routinely because of mnterest mn the periodic changes in the
vagmal mucosa If one were imited to mahing only a single preparation, the
cervical smear should be used for the purpose of cancer detection In our exper
tence, between 1> and 18 per cent of cases of squamous cell cervical carcinoma
would be missed 1f vaginal smears alone were employed * In general this agrees
with the experience of other mvestigators  We have found also that in more than
60 per cent of the patients who had carcmoma 1n situ the vaginal smears did not
contam diagnostic cells However Achenbach ef ¢/ ! employ only the vaginal
smear and find 1t quite effective i detecting cervical i situ carcinoma

It 15 well known that early cervical carcinoma 1s detected in smear studies with
much less error than far advanced carcinoma  In late stages of the tumor necrosis
and coexstent secondary infection result m a sloughmg surface which contams
very few, 1f any, intact cancer cells and from which few cells of diagnostic value
are exfoliated It 1s probably true that the number of tumor cells desquamated
decreases with increasing necrosts and accompanying mflammation  Whether
m additien cytolysis in the vaginal pool of those epithelal cells that are des
quamated accounts for failure to detect some squamous carcinomas by the study
of vaginal pool specimens would be difficult to demonstrate Ths could be the
case with advanced carcinoema  But 1n most cases of 1n situ carcinoma this is not
significant because the epithelial surface 1s well preserved and the cells in the
vaginal pool are not excessively exposed to bacterial and leuhocy tic enzymes

CLASSIFICATION OF GENITAL CYTOLOGIC SMEARS

The classification of genrtal smears into Types I to V has been extensively used
since Papanicolaou proposed 1t Recently increasing mterest in the changes
which occur i the cervical epithehum with carcmoma m situ®10! ¢ $3 and
with pregnancy*® 7 7 have led us to certain alterations i this basic classification
Studhes of the cervical atypicalities m pregnancy necessitated redefimition and
subdivision of our Type II the category which mcluded atypical but bemgn
cellular changes® The subdivisions were based upon morphologic changes of
mdividual cells of the cervical epithebum and upon the kind and degree of ab
normal and/or atypical nuclear changes The atypical nuclear changes requiring
segregation are found in certain pathologic states identihed histologically as
squamous epithehal hyperplasia  endocervical squamous metaplasia or even
caramoma in sitw  These nuclear changes differ from the nuclear changes found
n pathologic states 1dentihed Tustologically as cervicitis
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Our recently modificd classification of gemital ey tologic smears mto types 1s as
follows
Type I —All epathehal clements apparently normal
Type II ~Abnormal but benign cellular and nuclear changes  Variations of
normal cells which charactenze this category include shght vanations 1n collular
and nuclear morphology, cytoplasmic vacuolation, perinuclear vacuolation,
nuclear enlargement with some degree of hy perchromatism, wsually shight, the
hy perchromatism 15 usually not of the character (lachs the density and the bright
ness) assoctated wath true nuclear atvpraltties ncreased acdophiism  (In
flammatory conditions such as vulvitis, vagimitis, or cervicitis )
Type IIA ~Like Type H but also slightly aty pical nuclear wregulanities
Additional morphologic cellular changes consist primanisy of evidence of 1n
creascd nuclear activity, icreased promnence of nuclear reticulation and granu
lation, and of the nucleol, some mcreasc in stze of cell and nucleus There1sa
urform staming quahty of the cells assocated with endoeryical metaplasia
This 15 characterized by pink permuclear ¢y toplasm and a pmk ting m the nucleus
of an otherwise basophiiie cell The cytoplasm of these cclls often contains
sacuoles of vanous <izes principally small  The cells are usually basal m form
but the gradations from the columnar to the squamous type may be present
Hjy perpigmentation of the nucleus 1s shght  These cells may occur sigh or in
large numbcrs which compose compact sheets  (Includes Type IT inflammatory
changes and also squamous metaplasta of the endocersix  Ayre s® ‘ precancer
cell complex
Type I+ —Includes cdements characterizing Tvpes If and ITA with the
additionof greater oy tologrcaty prealities and a greater degree of hy perchromatism
These changes may be seen 1n endocervical metaplastic eprthelium and i all
lavers of the portio vaginahs  Marked srregulanty 1n nuclear morphology and
hyperchromatic nuclet are charactenstic  Irregular chromatin distnibution as
granules as & reticulum or as irregular clumps 1s common  Densels by perchro
matic nucler may be found 1n cells from the basal and intermedrate lavers  They
are common 1n superitcial squamous cells  These superticial cells mas be extreme
Iy small or extrumely large and may appear singly or in masses Therr nucler
vary considerably 1n size not necessanly proportionate to the size of the cell but
are usually regular 1 outlne The nucle: of the extremely small cells may be
elongate and narron  The stamng reaction of the cells from the endoceryrx and
from the squamous basal and ntermediate layers 1s predomumantly basophiltc
whereas that of the superhcial squamous epithehum 1 predommantly acidophilic
(* Superfictal dysharvosis of Papanicolaou *  basal cell hyperactnity  of the
portto epithelium of Galvin and TeLinde !¢ and squamous metaplasia with marked
cy tologic aty picalities ) In one sense a weak Tyvpe III
Type I —The more severe cytologic changes which 1 general cannot be
distingwshed from those which are associated with mabgnant neoplasta  {Ques
tionable carcimoma in situ carcinoma 1n situ of questionable nyasive carcinoma )
Type IV ~Elements prescnt thought to be malignant tumor cells scarce
Type V —Llements present thought to be malignant tumor cells abundant
Ths revised classincation has been of great ard to us in the segregation of Type
111 smears venfied eventualls by pathologic studies The clasafication 1s apph
cable to the genttal ¢¥ tology of both pregnant and non pregnant women
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THE SIGNIFICANCE OF CYTOLOGIC REPORTS

1t should be understood without saving that a cvtologist s interpretation of
carcinoma 1n situ should be reported only after deep con ideration of theevidence
Any doubt as to the seventy and extent of the atvpiae should be expre~<ed n the
report  Likewse 1f cvtologic characters warrant, the probability of invaston
should be mentioned It should be remembered by the & tologist that hus inter
pretation of carcinoma i situ will imtiate a seres of esents which mav be mcon
venent and eypensive and may result in consilerable mental trauma to the
patient  These chould not be incurred carelesshy Tt 1s enough that a few pa
tients will be subjected needlessls to thew through errors n judgement of the
o tologist even after thorough conwideration of the smear s contents

Probably the quality of the smear preparation should be described by the ¢y tolo-
gistinthereport  Without <ome expenence few physicians wall produce smears of
Ingh quahty therefore thes should expect the cviologist to acguaint them with
defects 1n their preparations that might cause an erroneous or meonclu e diag
nosts  The broader the cvtologic interpretation the better the phys1can will be
able to judge when and what diagnostic procedures to mstitute It 15 generally
agreed that an interpretation of the c¢ll> 1 smear prepatations should ke con
sidered as an opumon and not as a diagnosis  Therefore no dehmitive treatment
should be based on a ¢vtologic report

Cytoloec reports of a benign lesion or no evidence of a lesion should be allowed
to stand as such only at the phyvsician s considered judgement  If 2 routme <mear
of satisfactory quality contawns nothing suggestive of a neoplasm 1t 1> probably
significant 1n the abeence of climical evidence to the contrary  \egatine cvtologic
findings 1n the presence of a chmeally apparent lesion should not preclude further
diagnostic procedures  The wnterpretation of a neoplastic proce~s by a competent
o tologist should be investigated by further cvtologic studies and histopathologic
studies until the phy sician 1s satisfied nith the final result of the diagnostic efforts
Repeated findings of ¢y tologic atvpicalities suggesting a neoplastic diease 1 the
face of negatne evidence erther clinicalorpathologic necessitate continued efforts
toward 2 diagnosis  Additional smears should be made following 2n equnocal
report with respect to cancer

TYPE CLASSIFICATION OF GENITAL CYy TOLOGIC SMEARS
IN CASES OF CARCINOMA IN SITL

The ¢y tologic classihication of smears from 112 patients with caramoma m <itu
studied by us 1n four vears and four months 15 shown 1n the accompaning table
The d m each was established by pathologic studies

In 1947 no attempt was made to differentiate 1 situ from myvasive carcinoma
Dnfferentiation was begun 1n 1948 Early 1n 1949 we first made an unqualibed
wnterpretztion of caranoma i situ - Since that time we have classihed i Tvpe ITT
those smears thought to represent questionable caranoma m situ unqualined
caranoma n situ or caranoma in situ with probable nva_ion

Of the 112 lesions 25 (22 3 per cent) of the smears were clas 1hed as Tvpe 1
66 (589 per cent) as Type III and 21 (189 per cent) were mussed Thee
percentages can represent roughly the over the venfied and the under-iagnoses
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However, there are additional data concerning these figures, some of them are
etenuatmg  Tor example, of the 21 smears in which carcinoma 1n situ was not
interpreted (mussed), no interpretation was made i 2 because of poor fixation
and in 1 because of paucity of epithelsal cells (Type I} VMarked cytologic aty pt
cahttes {Type II+) noted m the smears of 11 patients resulted in additional
oy tolopic stuthes and cervical biopsies  Of the 2> smears m which mvastve car
cmoma was indicated by Type IV or Ty pe V classifications, 1t was thought that
9 rght represent only carcinoma mn situ

TaBLE I —CARCINOMA I8 S1TL (SQuastous) oF CERVIX
Smear Type Distrbation
(1 1-47 through 4 30 31)

Types
Ao Sub
Year Diagnosss 1 i 1! It I totals
1947 2 1 6 9
1948 4 7 2 13
1949 2 1 4 15 7 29
1950 6 37 t 7 51
1951 2 6 2 10
StprOTALS 2 1 18 66 1 24
112 ToTaL

The 66 Ty pe 111 classifications can be subdivided as follows

Sixteen were classed questionably as carcinoma usually mvaste carcinoma was
considered but not carcinoma in situ

Seventeen were classed as carcmoma m situ with the probability of mvasion

Nmeteen were classed questionably as carcinoma m sttu

Tourteen were classed unqualtfiedly as carcinoma m situ

The segregation of smears into the groups ated m this paragraph 1s based prt
manly on cell types present or absent It shows a critial attempt to classify the
abnormal cells 1n terms of nvasn e and non mvasive carcinoma It illustrates our
difficulty mn identify ing with certainty the cervical squamous carcinoma which wall
be totally intraepithelial m extent Statistically 1f we consider onlyv 14 of our
mterpretations to be stricthy correct our accuracy has been 12 5 per cent, and our
error 87 5 per tent However we think those with stmilar expertence will agree
that these figures are not a fair measure of the benefit that came to these patients
as a result of further chimcal and diagnostic studies imitiated by the cytologic
reports

An analysis of ¢y tologic diagnoses in cases which for some reason were not stud
1ed further by means of histologic bropsy 1s not given Specimens for bropsy were
not always taken n the event of a ¢y tologic diagnosis of Type I or II although
most ¢y tologic interpretations of Types 1T IV and V could be compared with
tustolagic diagnoses It s clear thercfore that the number of cases of carcinoma
m situ mussed by an under dragnosis 1s theoretically not known On the other
hand few over dragnoses would be unrecogmzed

THE CTOLOGIC IDENTIFICATION OF CARCINOMA
IN SITU OF THE CERVIX

cate, ne have been unable consistenth to dis

ata yust presented inde
N el car tu from imvashe carcinoma by means of ex

tinguish cervical carcimoma 1n st
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fohative cy tologic studies 31 This 15 not surprising because simular hinds of cells
are found m both and because no single hind of abnormal cell charactenzes
carcinoman situ The criteria used by different investrgators to 1dentify carcmoma
1n situ are not the same  Although their criteria vary i most mstances the iden
tifymg cell can be recogmized as one of those Papanicolaou associates with car
cinoma 1n situ or carcinoma mn sitwt with early invasion  Papanicolaou s descrip
tions * of these rmportant cy tologte details follow
¢ The cnitena used 1n the cy tologic diagnosts of cancer are based on structural
modafications of the cancer cells and of their nucler as well as on changes in their
relationship and pattern when in groups and clusters In the eatly stages of our
worh our dragnostic objective was limuted to a decision as to whether malignancy
was or was not present Increased knowledge and expenience are now enabling
us to recognize with greater confidence certain characterstic cell or smear types
which 1n some 1nstances make possible an evaluation of the type of the tumor as
well
¢ One such smear type ss what we refer to as superficial dysharyosis” Smears
of this type are characterized by the presence of marked nuclear abnormahties
which are, however Limited chiefly to the superficial squamous cells The ab
normal nucler are enlarged and hy perchromatic  Binuclated or even multinucle
ated cells are not uncommon A charactenstic perinuclear vacuole 1s often to be
seen Some of the abnormal cells show cormification and are distinctly audo
philic  Eventually the nuclear atypia may be extended to cells of the parabasal
layers
In cases exhibiting this smear tvpe a lagh madence of early carcinoma of the
cervix more specifically of the intra-epithehal type has been found to exist How
ever 1n a large percentage of such cases biopsies have been persistently negative
and 1 one case at least which has been under observation for approximately ten
years this conditton was apparently reversible as imndicated by the complete
disappearance of abnormal cells from later smears We, therefore constder cases
of this type as strongly suggestive of an early localized Jow grade mal neo
plasm of the cervix which may remain dormant over a long pertod of time or may
even undergo regression A igh percentage of parasitic infections chiefly tr1
chomoniasts has been noted n such cases In a few mstances cells of the dys
haryosis type were found interrmined with typical cancer cells in smears of Lases
which proved to be advanced invasive squamous cell carcmoma of the cervix
This seems to indicate that eventually this condition may either become asso
ciated with or develop into a frank cervical carcinoma
The cytology 8f this type of lesion corresponds closely to what 1s known as
dysheratosis of the shin yet this term could not be applied to 1t very well because
of the absence of typical keratinization  Further study 1s necessary to deterrmne
the nature and sigmficance of this distinctive cvtalogic preture
Another smear type frequently associated with early carunomas of the cervic
more particularly of the intraepithelial pre mvasive type 1s the one shown m
Tigure 3 (compare with Fig 4)* In this there is a prevalence of abnormal cell
forms of the parabasal type mostly round or oval cells mith a disproportionately
enlarged and actnvated nucleus which tends to be distinctly hyperchromatic
There 1s considerable varability 1 the size of the cells which appear singly

) Papanicolaou s pirabasal cell tvpe 1n carcinoma in situ compared with the normal paribasal

cell
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scattered throughout the smear, or i small groups, but not in the large umpressie
clusters charactenstic of advanced squamous celf caranomas  Ceryical parabasal
cells are usually numerous and some show pronounced vacuoltzation One 1soften
tempted to venture a diagnosis of 2 carctnoma o stfi on the basis of 4 smear of this
ty pe although the presence or absence of mvasion can never be dvaded on the
basts of a smear study alone

The cells described by Papamicolaou as constituting ‘superficial dy skaryosis’
arc important i the problem of detecting 1n situ carainoma (Fig 52)  The para
basal cell which Papanicolaou modestly says often tempts one “to venture a
diagnosis of carcinoma 1n sttu” 1s howcver of greater sigmificance mn dentifying
prunvasne and early imvasne Jesions (Tig 33)

Lie 57 —Superficial dyskarvosis associated with carcinoma 1 siti of the ceriv - Cells from
the middle hayers of the superficial epithelum X 97>

Ruth Graham of the \ mcent Memonal Laborators, apparently used the para
basal cell to the satisfaction of her assocrates in the detection of carcinoma in <itu
T he cell she refers to as  third type differentiated  seems to be the same as Papa
mcolaou s parabasal cell A concise and accurate description of this neoplastic
cell and an mterpretation of its signihcance appears in The Catologte Dragnoses of
Cancer published by the staff of the Vincent Memonal Laboratory * and 1s

follows
quﬂ;gcfirm sthird tvpe differentiated 1s certamly not descriptive  Perhaps the

Iy attnbute of the term 1s that 1t gives the number of types ot differentiated
orhs t clls from squamous carcioma Though the name of the cell is a poor
mahgan 2 1self 15 extremels 1mportant since 1t 1s the tvpe of mahgnant cell
ir;ﬁc}th;cﬁxrs 1n early carcinoma of the cervix These third type differentiated
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cells may occur 1n any positive smear from 2 case of squamous caranoma m add
tion to other cells such as undifferentiated and fiber cells However, when only
this ty pe of cells occurs the majority of cases show carcinoma 1 sttu histologically
rather than invasive carcinoma It should be emphastzed that we do nof attempt
a diagnosis of carcinoma m situ cvtologically  The term carcmoma i situ
necessitates an examnation of the architecture of the lesion Nevertheless it
appears that there 15 some definite correlation between early non mvasive car
cimoma of the cervix and the presence of third type aifferentiated cells exclu
sively  This should not be interpreted as meanmng that all cases of carcinoma n
situ show only this type of positive cells  Many of them contam every tvpe of
cancer cell On the other hand 1n those smears m which only third type differ
entiated cells are found, the tumor 1s usually non invasne  Because these cells

£
o o
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FI6 53 — Malignant neoplastic parabasal cells in cerical carcrnoma v stiu
Typteal forms {arrows) and morphologic vamations X 975

do occur m early carcinoma, therr identtfication 1s essential  They are perhaps
musinterpreted as bemgn more often than any malignant cell since they are the
m;xlst differentiated and resemble normal cells more closely than any other cancer
cel

Dfficulties 1 Interpretaion —The normal cell which 1s confused with the
third type differentiated cell is the inner layer basal cell The distinction between
the benign basal cell and the differentiated malignant cell depends upon nuclear
structure As has been emphastzed 1n the critena for all ty pes of cells from squa
mous carcinoma the identification of a cell as mahgnant relies on aberration n the
nucleus In no other cell are nuclear changes so important for 1dentification as in
the third type differentiated since they are the o4 critena upon which to base a
decision  The nucleus of basal cells has finely granular chromatin The nuclear
border 15 not sharp The chromatin 1n the nucleus of the third type differ
entiated cell 1s wregular  There are large clumps of chromatin heavy strands and
fine granulations The surface of the nucleus often appears wrinkled The



270 RECOGNITION OF CARCINOMA IN SITU

nuclear border 15 very defimte  As in wdentificatron of all malignant cells 1f the
nuclear changes are scrutimized v ith care the third type diffcrentsated cells should
be recogmzed with accuracy

¢ The chstinctson between a third ty pe diffcrentiated celland an undifferentiated
malignant cell rests upon the presence of a cellular border It 1s difficult at times
to be certain whether a border exists or not It 1s safer to classify the cells as
undiflerentiated 1f there 1s any question as to whether a true border evists
Undifferentiated carctnoma cells commonly occur i groups, while 1t 15 ifrequent
to cce third type differentiated cells 1 groups  The most exact way of determin
g whether cell borders exist 1s to see if the entire arcumference of the ccll 1s
definttely outhned  If one tries to distingwish definitely where onc cell ends and
another begmns impression of presence of cellular outhines will become a certamty

‘General Critersa for Identification of Thrd Tipe Differenizated Mahgnant
Cells —(1) Nucleus has an rrregular chromatin network  There 1s an mcrease
in chromatin content  Nucleus often appears wnnkled Border of nudeus 1s
very sharp (2} Cellular border s distinct  The presence of a detrite cellular out
Ime wdentifies the cell as a difierentiated mahgnant one  Cy toplasmic nuclear ra
11015 often abnormal but this 1s not a relable cnterion, since cells may occur
s hih the ratio 1s within normal limuts

The photomicrographs and drawmgs which accompany this text are recom
mended for study  Morphologic varnations of the third type differentated cell
are shown

Nieburgs and Pund deseribed™ and nlustrated® ther diagnostic cnitena for
differentiating invasive carcinoma cells and non mvasive caranoma cells from
normal cells The morphologic and cvtologic charactenstics and the stammng
quahties of the non invasnve carcinoma cells seem to rdentify them with the
torms often seen m the condition termed ‘superficral dysharyosts by Papanice
laou * More recent studies by Nieburgs ®have enabled him to group his ¢y tologic
criteria for non tavastve carcinoma mto three categories  Descriptions of them
have been recened m the form of a personal communication which 15 quoted as
follows

Earty Von wntas: ¢ Cancer Cells — There are three magar graups of cells i this
category (1) These arc large cells which usually have actdophilic ¢y toplasm
that stams yellow orange and have deep brown pyhnotic nucler  Thesc are
alwaysenlarged They usualhy have well defined but irre,ular borders  (2) These
cells present a large amount of ¢y toplasm and have large nucler that extend over
more than >0 per cent of the cell areas  The nucler are usuallh somewhat trans
parent show few signs of activaty and may have extremely fine regular granula
tions 'The borders are distinct  (3) These cells are charactenzed by crenated
nucles which are usually small and normal m size ¢ ¢ equal to those of superficial
non cormbied cells  They have moderate density distinet borders and are
actdophihic m reactton
These three cell types are found not mfrequently m assoctation with disso

iated intraeprthelal anaplasta which may eventually develop into carunoma i
stu  In the larger percentage of cases however these cells mdicate an tarhy

asive carunoma
Pl‘f‘“‘;‘; anced hon wn ass e Cancer Clls — Ihese oMl nsually are somewhat smaller
¢ The cvtoplasm 1s basoplihe  The nucles usually

described abov
;)}llinn:)}tm;{z\ ays show a certam degree of mcreased activity  The granulations of
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the nucle1 are umform and usually are more pronounced than that which may be
present 1n the early non mnvasive cancer cells  Abnormal nuclear forms may be
found Mot infrequently double nucleated cells are present Nuclear activity
may be absent i certain types of cells of this categors  In such cells the nuclet
may be greyish i appearance and 1 size, comprise more than 50 per cent of the
cell In rare instances still smaller cells with relatively smaller nuclei are seen
These nuclet usually show condensation of their borders and a certain increased
amount of transparency
Late Mon tnmasie Cancer Cells —The morphology of these cells approumates
that of cells from an early mvasive cancer The cells are smaller than in the
latter and are basophilic The nucle1 show greater hyperchromatism than those
of the advanced premvasive cancer cells and have tendencies toward uneven
granulation  Abnormal cell forms may be encountered but the tivpical cells of
differentiated squamous carcmoma are not present  Mult: nucleated cells and
the very bizarre forms such as tadpole and spindle shaped cells and others are
not present in this group
Pre wn ast e Cancer Cell Cronp —In this category m addition to cells from
any, usually from all of the three groups above there 1s a varying number of
mvasive cancer cells found  The latter are of the early differentiated type
*“The proportion of non invasive cancer cells to mnvasne cancer cells mav indi
cate the stage of transition At times only non mvasive cancer cells appear m
smears when biopsies reveal invasion  This 1s due to the fact that cells from car
cinoma 1n situ are shed more freels than those of invasive cancer The presence
of myvasie cancer cells m a smear 1s usually a defimte indication of mvasion
From these descriptions without illustrations we gather that Nieburgs chuefly
employs variants of normal cervical superficial epithellum elements found in
superficial dvsharyosis and to some extent, vanations of the neoplastic parabasal
cell in the detection of carcinoma in sttu
Reagan 7 has given a entrcal and well illustrated discussion of the employ ment
of the parabasal cell types for distingwishing carainoma m situ He apparently
does not find cells charactenstic of superficial dyskaryosis helpful
Achenbach and co workers! have found an atypical squamous cell assoctated
with carcinoma in situ In discussing the cy tologic critena for the diagnosts of
imvasive and premnvasive carcinoma of the cervix Achenbach writes as follows
We find, however that malignant cells occur with less frequency 1n cases of
premvasive carcinoma than in those of more advanced cervical tumors and are
often accompanted by abnormal precormfied squamous cells with markedlv en
larged but otherwise normal nucler  These atvpical anaplastic cells occurred m
gloxe than 60 per cent of these cases although they themselves are considered
enign
On Plate E of their monograph Papanicolaou and Traut 1llustrate 26 forms of
cancer cells found 1n smears from a patient who had a cervical carcinoma 1 situ
There were 7 differentiated and 19 undafferentiated forms 7 were basophilic and
19 were acidophilic m therr reatcion
In the paragrahs quoted above both Graham® and Papanicolaou® stated that
they do not diagnose carcinoma 1n situ cyvtologically and we cannot detect the
leston with great accuracy as already noted There are at least two reasons for
this difficulty m distinguishing non myvasive from mvasie carcioma by means
of the cells exfoliated  The first reason 1s that there 1s not a single sct of abnormal
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types of cells found m 1 situ caramoma and another different sct of abnormal
types of cells found 1 mvasive carcmoma  This conforms with histologic ob
servations that 2 vanety of differentiated and undifferentrated lesions are found
m cach category  Thercfore many diffcrent varicties of abnormal cells may be
exfoliated from cither and some of the same varieties from both  Graham seems
to agree with this for in a recent personal communication™ she makes the follow
ing statement “Thave avery definite feeling that there are two ty pes of s aginal
smears scen 1n Intra eprthelral carcinoma  One type has only the most differ
entrated cancer cells and the other type 15 not distingwshable from imasne
carcinoma cvtologically ”  Nevertheless, 1t 1s worthwhile to try to sdentify the
compleses of abrormal cells usually, or often found m cases of 1n situ carcmoma
Ta some degree thts can be done  Lven so, there 1s a second reason why one
could not expect to dentify the earliest mvastve change in a caranoma m situ
by means of the exfoltative cvtologic technmic  ‘The arca or areas of msasion
may be quite small in comparison with the total arca of the carcinoma tn situ
Moreover as Nicburgs™ pointed out, there 1s less chance of exfoliation from
the invasne portion than from the superfical  Therefore, in the earhy stages
of mvaston relatively few abnormal cells i the smear would come from the
mvasive part  This would make 1ts detection difficult even when the mvasne
area differed cy tologically from the non invasive surface area  Howerer, those
who deny any cytologic dissimilarity between the imvasne and non invasive
parts of a cervical carcinoma would agree with Graham® that the term “carcinoma
n situ’ connotes hmutation of the epithelal proliferation to boundaries that
can be defined only histologically not oy tologically

The follow ing statements summarize our experiences 1n the v tologic detectton
of carcinoma 1 situ of the cervit and are presented as a pomt of departure for
further mvestigation These observations arc based on the following premuse
concerning the histogenesis of squamous carctnoma of the cervic  Areas or
tields of squamous epithehum of the portio vaginahs or of metaplastic squamous
epitheltum of the endocervix are transformed 1nto carcinoma mn situ and within
such fields nvasne carcmema may anise at one or several places  These obser
vations are divided mto three categories and concern chiefly (1) benign patho
logic states assoctated with lesser degrees of cy tologic atypism than those found
m the other two categories (Z} carcmoma 1n sttu and (3} imvasive carcinoma

Bemign Pathologic States -t 1s posstble to recognize cellular charactenstics
which can be assocrated with squamous metaplasia of the endocervia  Abnormal
changes can b seen 1n cells of the basal layers and the basal ccll by peractivity of
Galvin and TeLinde'® often can be identificd

Superficial dy shary osts * represents true nuclear atypism in superhicral squamous
epitheliim Cytologically this condition 1s striking because of the contrast be
tween nucleus and cyvtoplasm  Superticial dysharyosis may be considered an
indication to watch for additional evidence of neoplasia It 1s often associared
with carcinoma 1n situ and 1s not uncommon 1n mMyasive carcinoma  This agrees
with Papamcolaou s findings * The process of nuclear change may progress
through the epithelial lay er to result 1n carcinoma in situ and perhaps evintually
1p myastve Larcinoma as Papanicolaou suggests *

Carcinoma In Situ —The 1n situ lesion can be trepreted with accuracy
oy tologcathy perhaps but wrth mf!eq)ﬂt‘ﬂ(\ The ‘mter];:reta,tlolnr17‘l dependcn}
upon the neoplastic parahasal cell of Papanicolaou * An unqualificd opmion o
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carcinoma 1 situ may be presented with considerable confidence when only
these cells are present or when they are found with superficial dysharyosis (Fig
54) When superficral dyskaryosis 1s noted and only an occasional parabasal
cell 1s seen, the smear 1s classified i Tyvpe 111 and the presence of carcinoma in
sitw 15 questroned  The presence of varrous forms of malignant tumor cells 1n
moderate numbers with the parabasal cells introduces the element of uncertamty
regarding the extent of the neoplastic process  The interpretation of carcinoma
1n situ with probable mvasion or the converse may be made depending upon
which cells predominate  Invaspve carcinoma may ewst when only parabasal
cells are found 1n smears  Thev usually indicate an early Iesion however

Fic $4 —VMolignant nmplaxllc parabasal cells (arrors) and superficial dyskary sis showmng
multrple nucler and a vacuole d yith 1 situ of the cervix X 975

The parabasal cell usually appears singly but may be m clusters They are
not often found 1n large groups This agrees with obsenahons of other mmvest:
gators *¥  The stammng reaction 1s pred Iy t
an acidophilic form 1s seen  There may be sighificance 1 the presence of the
aadophilic parabasal cell It has not been found n all smears associated with
caranoma in situ

No constant finding in any of the following characters has been assocrated
solely with carcinoma in situ  kind of nuclear granulation size form number
or arrangement of nucleoli pennuclear vacuolation

B1 or multmucleation 1s promment n carcmoma 1n situ but also 1s common 1n
mvasive carcinoma

18
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As1n the benign pathologic states but in contrast to myvasive carcmoma the
presence of red blood cells 1s not a common comaidental finding with carcimoma
mnsitu This probably can be correlated wath the absence of sufficient capllary
crosion to result i noticeable bleeding

Invastve Carcmoma —It 1s impracticable to attempt a descriptive morpho
logtc mdex of the various ncoplastic forms secn 1n smears of squamous celt caral
noma of the cerviv They can be classificd according to degrees of undifferen
tiation or differentiation ongin, or staming reaction  In catalo ing cell types
found 1 carcinoma tn situ none has been found, so far which does not have a
counterpart in smears in cases of mmvasne caranoma

It was stated above that no single cell dentifies without failure the i itu
leston  The same statement might be madc for invasive carcinoma aswell There
have been instances tn which an nterpretation of myasie carcinoma would pot
have been questioned on the basis of the cells present m smears, vet senal sections
of o cervical camzation specimen or of an entire cervix showed the lesions to be
carcinoma m situ

T'ree neoplastic nucler are common 1n 1vasive carcinoma but are relatiels
scarce In association with the mtraepithelial leston

THE NEED FOR CORRELATIVE PATHOLOGIC STUDIES

Accurate mterpretations of gemtal ¢y tology 1n smears depend on judgement
that 1s acquired through traming and long experience studying routine smears
The judgement required can hardly be gamed by a course of study covenng
several weehs or months dunng which series of selected llustrative examples are
provided  This manner of study 1s a good beginnng  From demonstration ma
terials alone the student could acquire some knowledge of a numbcr of patho
logic conditions after perhaps, a year sstudy  Yet the practical problems which
arise 1n the course of studying daily routine smears from 40 or 50 patients would
not have been met  The experience of studymg a single problem smear for several
hours comparing tt with other smears and arguing over details with assocrates
would not have been had

In a diagnostic laboratory associated with a hospital chme each smear studied
1s lihe a practical Jaboratory examination or an  unknown specimen  The prob
lem prescnted 1s solved and the solution 1s compared with the pathologic report
on the concomitant biopsy specimen  There 1s no real substitute tor this critical
testing of ¢y talogic interpretations agamst pathologte reports  One learns more
from pathologic reports and review of corresponding smear preparations than
from 1llustrations published articles lectures and d ration shdes combmed
Although the latter play a sigmificant part i the curriculum of c tologic mstruc
tion they should be classed as aids m theoretical traming and not as expenence

The almost unlimited vanahons that ocour m exfoliative cy tologic preparations
cannot be illustrated in a course of study  New morphologic forms of malignant
cells are seen almost daily  Therefore 1t 15 constantly necessary n ¢y tologic
studs to refer to the base hne of histologic study A ¢y tologist » capacits for
contsnued development wiff have passed when he reaches the pomnt vwhere patho
logic diagnoses hold no interest for hum It 15 helpful to cxpress imterpreta
tions asnear! as the matenal will permit to correspond with what one zﬂimks
the pathologist will Qescribe from histologic studies  In time, some cvtologic
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reports will come to be almost duphcated in the pathologic reports that follow
This degree of correspondence, of course depends on the cytologist s personal
acquamtance with the pathologist and his viewpoint

In the consideration of carcnoma 1n situ the pathologist s concepts of the
leston greatly nfluence the accuracy of cytologic diagnosss, if the pathologic
report 1s accepted as the measure of correctness or mcorrectness A competent
cytologist hnows the ongin of most of the cells seen mn smear preparations  He
will recognize degrees of abnormality in these cells However, he must have
standards by which to mterpret the meaning of these degrees of abnormality It
would seem that these standards must be derived from those of pathologists
Unfortunately, pathologists differ on what constitutes a carcinoma 1 situ Ve
have no mtention of enterng that discussion  Neither do we wish to discuss
what constitutes histologic evidence of imvasive caranoma  The pomt simply 15
that 1 these circumstances universal standards of cvtologic diagnosis are not
possible
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9
NON-SILICA PNEUMONOCONIOSES
By J P Wvarr, MD

Historical Introduction —The nhalation of vapors smokes and dust with
disease producing potentiahities has occupied the minds of men for generations
In the Renaissance, both physicians and mining engineers were aware that metal
muners suffered from shortness of breath and died prematurely Anatomusts
described heaps of sand and stones in the lungs of gramte cutters which grated
on their dissecting hnives  Herbert Hoover, a mming engineer m 1912 translated
Georgius Agricolas “De Re Metallica wntten in the sicteenth century and
unearthed the statement that if dust has corrosive quality, it eats away the lung
and implants consumption 1 the body *

Termunology —Following upon these dictates of antiquity, an infinite vanety
of definitions and terms were mtroduced dunng the nmeteenth century de
scribing forms of dusty lungs supposedly encountered in medical practice  Names
such as chalicosts or tin miner s lung rot although full of sound and fury but
sigmifying nothing were 1n use at that time Later mvestigations revealed that
the vanety of stony lungs encountered m muners was due pnncipally to the
fibrosing action of uncombined silica

These attempts to sub classify dusty lungs have mtroduced many exotic terms
for mstance ptilosis 1s a lung condition alleged to follow the wwhalation of dstrch
feathers But as Merewether puts1t, what this defimtion really means only the
bird knows  Despite repeated cautionary remarks on terminology and the
constant need for scientific scrutiny, the premature urge to label lung conditions
with fanaiful phrases 1s still rampant

Asmineral substances other than free siica grve rise toindustnal lung disorders
the term, pneumonaconiosts comned by Zenker in 1866 meamng lung full of dust
has been used in this essay 1n 1its widest sense or as Gardner used the word
meaning  all chronic lung changes mduced by prolonged inhalation of dusts or
chermcals

Industrial Hazards —The extent of industnal exposure in the dangerous dust
concentrations of mming quarrying and manufacturing was estimated by Lanza
and Vane m 1934 at half a mllion workers This 1n siliceous occupations alone!
Actunal figures from the vears 1916 to 1926 give the ratio of actual to expected
tuberculosis deaths from 1833 per cent m underground lead and zinc mines
976 per cent in granite and sandstone workers to 804 per cent m gold and silver
mines mdicating the overwhelmng devastation of and fast mfections 1 troglto
dytic workers In England over 800 people die each year from pneumonoconioses

and 20 times that number are receiving some form of disability compensation
Today because of widespread industriahzation and the drversity of metals used 1
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ndustry, the potential occupational hazards are mfinitely greater It 15 ol
through vigilant public health measurs, enginecring sanitation compensation
laws and constant rescarch that the mroads of chronic mdustral pulmonary
diseases are restraned  Due to preventive measures, stlicosis on the South African
Rand 1n twenty vears has fallen from 373 cases out of 14,887 to 26 out of 13,696

KNOWLEDGE OF SILICOSIS CONTRIBUTES TO THE
WHOLE PROBLEM OF INDUSTRIAL LUNG DISEASES

Silicosis up to the 1930’s —With the tragic dismtegration of tin mining m
Cornwall a clamant demand for an mvestigation of industrial conditions was
answered 1 1902 by an Enghsh commission  The members of this commusston
drew attention to differences between tin mmers phtfusis and conventional tuber
culosis  In such a fashton a long series of exciting hard won nvestigations i
the stliceous mdustries laid out the hne of attack to be followed 1n the scientific
probing into other forms of dust diseascs  The Rand South African workers,
Wathins Pitchford  Stmson, Strachan and Mavrogordato, between 1914 and
1930 ecnunciated the hontophage transmussion mechamsm and the clearance of
dusts via the Iy mphatics of the lung  These worhers and Hay thorn m Prttsburgh
noted the effects of stlica upon the lung producing penily mphatic fibrosis beading
and confluent scarring  The experimental production of silicotic nodulation 1n
gumea pigs was accomphshed by Gardner :n America and hettle in Lngland

Dust and Infection —These bnlhant prolonged experimental works of
Gardner and hettle indicated a deleterious modus operand: m which dust was a
ehucle for pathogentc organisms espectally for the onuupresent tubercle bacillus
The enhancement of tuberculosis by sihica dust was investigated by these workers
But the relationship between dust and infective processes has not yet been settled
more recently Vorwnald successor to the late Leroy Gardner has produced
fulminating tuberculosis i guinea pigs exposed to quartz and simultaneously
recerving BCG orgamsms

The Effect of Dusts on Dusts —The defeat of silicosts has been sought
through antidotal chemical measures  Denny and associates and later hing found
that finely divided aluminum dust produced a protectrve covermg over the quartz
particle depressing the solubility of silica and preventing the development of
sthowts I expenimental ammals  The results of this expenment were extra
polated to the gold mines of Northern Ontario  In these hard rock regtons the
miners are constantly exposed to an aluminum dust atmospheres 1in the change
houses before and after the working, shafts  But the prophslactic value of this
maneuver 18 still mghhy debatable

Stewart and Faulds n the 1930 s showed that the rron component in the hema
tite lung was inert the diffuse fibrosing nodular fibrosis encountered in these hard
red lungs 1s due to the hbrogente action of free quartz freely hberated in tron ore
munmg particularly hematite and less trequently encountered m the mning of
magnetite ore  Themert ore trapped in the fung, Iymphatics produces a dn‘iuisteh
stippled :admgmph&c Yhte( (dust retrculation) creating shadows which are often

{1
w‘g}‘::;g‘;‘;tgi:;g;)tsgof Silicosts —Cumnuns ably studied the coal muer's
Jung Sgouth 4 ales and later Gough of the Welsh Schoo! of Mediane brilrantlv
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utihzing a modification of Chnisteller s whole section technique applied to lungs,
demonstrated a relationship betw een heavily carbon charged lung y mphatics (dust
reticulation) and muner s asthmatic emphy sema  Such an exposition matersally
alters our behefs about the nnocuousness of anthracotic pigmentation and justt
fies perhaps the coal nuner s term “the black‘twm of sidicosss  Belt, who left
an admuable morphologic description of the stheotic tissue response (T1g 57)
had previousty andicated that dust reticulation of coal mimers 15 a form of sthea
effect  Thisearly mamiestation, dust retsculation 15 not seen 1 hard roch muners,
according to Belt owing to the higher concentrations of free siica  Gough at
tributes the fibrosts around the coal focs m fong standing cases of coal muner’s
pneumonoconiosss to an additive infectiv e process

An editonial m Lancet summanzes the many reasons for the mterest in mumng

1 b Yol

and muners & w d The der 1s anvious to know whether

he will get enough coal to I:eep warm thes winter the social economusts are con
cerned wath methods and results of the proposed nationahzation of the mines
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Fig 53 ~Fibroblastic thickening of septal wall with prononnced swelling of al eolar cells
present w diffuse fibrosing preumonitis of Harmman and Rich  Contrast with other photo
tmerographs X 108

Fuu §6 —Thickened septas and profound metaplastic septal cefl hamng alveolar salls m
cadmium moke possonmg X 168

the industnial psychologist must estimate the effect that nationahization first
prospect and then 1n action will have on output  But underlying all these ques
tions is the mmner himself tus personal nisks to bimb and lung and how these can
be mitigated  The solution to 2l of these problems may welf rest upon the finsl
answer that is given on the true nature of the coal focus within the lung  The
study of the coal focus and velated effects depends upon continuance of research
mto the industnal lung diseases

Contnbution of Radiplogy —From routine radwological surv €5 of mdustn
considerable mformation on hazardous occupations has been obtamned The
extent and distonbution of dust concentrations and related scar reaction m radio
logical examinations are widely used radsographic entena  There 15 some corre
1ation between the al topography of dust ret: stheotic nodulation
and later confh with the radiol dictum of the leafless tree the tree
w bud and the tree in leaf
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mdustry, the potential occupational hazards are infinitely greater It 1s only
through vigilant public heaith measures, engineering samitation, compensation
laws and constant rescarch that the mnroads of chronme mdustrral pulmonary
discases are restramned  Due to preventive measures sshicosts on the South Afncan
Rand in twenty years has fallen from 373 cases out of 14,887 to 26 out of 13,696

KNOWLEDGE OF SILICOSIS CONTRIBUTES TO THE
WHOLE PROBLEM OF INDUSTRIAL LUNG DISEASES

Silicosis up to the 1930’ —With the tragic disintegration of tin munmng 1
Carnwall a clamant demand for an investigation of mdustrial conditions was
answered m 1902 by an Unglsh The bers of this c
drew attention to differences between tin miners’ phthisis and conventional tuber
culosis  In such a fashion a long serwes of exciting hard won mnvestigations 1n
the sihiceous mdustries kud out the hine of attack to be followed in the scientific
probing mto other forms of dust diseases The Rand South Afrcan worhers,
Wathins Pitchford Simson Strachan and Mavrogordato between 1934 and
1030 enunciated the hontophage transmission mechanism and the clearance of
dusts via the lymphatics of the lung  These worl ers and Hay thom 1 Pittsburgh
noted the effects of silica upon the lung producing perihy mphatic fibrosis beading
and confluent scarring  “1he cxpenimental production of sticatic nodulation m
guinea pgs was accomphshed by Gardner in America and hettle in Ingland

Dust and Infection ~These bnihant prolonged evperimental works of
Gardner and Kettle indrcated a deleterious modus operanch in which dust was a
vehucle for pathogenic orgamsms especially for the omnipresent tubercle bacillus
The enhancement of tuberculosts by siltca dust was vestigated by these workers
But the relationship betsveen dust and infective processes has not yet been settled
more recently Vorwald successor to the late Leroy Gardner, has produced
fulminating tuberculosts in guinea pigs exposed to quartz and simultaneoush
recerving, BCG organisms

The Effect of Dusts on Dusts —The defeat of «licosis has becn sought
through antidotal chemical measures Denny and assocates and later hing found
that finely divided aluminum dust produced a protective covening over the quartz
particle depressing the solubthty of siica and preventing the development of
sthosts m expenmental ammals  The results of this eypenment were extra
polated to the gold mines of Northern Ontario In these hard rock regions the
muners are constantly exposed to an alummum dust atmospheres m the change
houses befare and after the working shifts  But the prophylactic value of this
maneuver 1s stiii lughty debatable

Stewart and Faulds m the 1930 s showed that the iron component in the hema
tite lung was mert  the diffuse fibrosing nodular fibrosis encountercd i these hasd
red Jungs 1s duc to the fibrogenic action of free quartz freely iberated i iron ore
mnung particularly hematite and less frequently encountered m the mimng of
magnetite ore  Thenert ore teapped tn the lung lymphatics produccs a diffusely
stippled radiographic plate (dust reticulation) creating shadows which are often
confusing to the radiologist

Changng Concepts of Stlicosts - Cum;mnil :;bl) s)tu;h:;l Ithe co:l ;;unclr1 B
fung m Sauth Wales and later Gough of the Welsh School of Medicine buthantly
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are difficult to apph to particlesless than 3 microns in size and vet 1t 1s these very
particles that are of the greatest pathologacal sigmficance  As quartz s ervstal
hne unt of sificon and ovygen arranged 1n a particular wat 1t 1s not enough to
determine the ere eustence of the element sthcon by spectroscopic methods
Admuttedly then, all methods should be used to arme at a entical assessment of
the problem Al 0f these methods of examination are frequently utilized now adays
to satisfy P 1on & ds mdustrial ¢ and judiciary courts
But of all methods the morphological analvsis remains the best and represents
a last court of appeaf

Harrtson Vartland has enumerated four critena shich ate basic requirements
for the merimination of a dust or pawon, as the matant of anindustrial lung dis
order

Postilates for Proof —1 Tt must be proved that the victim was exposed to 2
specific pason

2 The symptoms reported must be compatible with the svndrome known to
result from the speaific potson

3 The autopsy must disclose lesions of the type hnown to be caused by the
poson

4 The poison must be recovered from the tissues or fluds 1 amounts con
sidered as lethal or disease producing quantities

These measurng rods are thedeal  Unfortunatels because of the blundetbuss
efforts of nature, it 15 often dsfficult to apply them Yet, sn attempt should be
made to extract and weigh the snformation that 1s avalable on the more recenth
descnbed dusty lungs and chenncal pneumonsas

Although ascertainable truth under the best of arcumstances 1s ‘precemeal
fragmentary uncertamn and difficult to glean an efiort should be made to
correlate the tissue truths as they are known today about a number of lung dis
eases not directly related to aibica

This bachground of mformation denved for the most part from earher studies
on silicosts offers a framework for the consideration of other mpurious chemicals
and dusts upon the lungs  With such hnowledge the pathological effects of
volatile metals rare earths tonocent sihcates evotic plant matenal newly
created alloys or plastics can be analyzed assessed and annealed

METALLIC PNEUMONITIDES

Acute inflammatory changes w the lung parenchyma may develop after transs
tory or msulting concentrations of morganic metals or thewr salts  Of these bery 1
frum manganese cadmium and mckel are the most dangerous  As bery tum
grves nise to conditions which are w many respects different from those assocsated
with other metathe wrntants st will be considered m greater detarl

Manganese —The ores pyrolusite braunite manganite and others contatn
manganese oxide and have g global distrsbution  Because of 1ts hardening and
ants covrostve quahties manganese 1s alloy ed with other clements to form ferro

se and sit A bronze 13 used extensively m
manne and muning works to prevent moisture corrosion on moving parts of
machmery  The ovide of manganese 1s used for bleaching dyemg and oudizing

purposes s the manufacture of glass or textile fibers printing of cotton matenals
and elaboratson of orgame matenals
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Silica and the Tissues — The equation of particle size, dust concentration,
duration’of exposure and individual susceptibihity have had unbounded reference
m the Merature  Equal in quantity and contention are the theories as to the
mode of action of sitca The “sharp’particle theory * was succeeded by th
solubility theors sponsored by hung Vorwald and other workers In this postue
late the tovic action of silicon dioxide 15 alleged to be due to the formation of siicic
acid 1n body tissues directly sttmulating fibroblasts producing a charactenistic re
dundant fibrosis Heflcrnann modifies ths solubthty theory by claimmy, that such
a rapud chemucal solution requures freshls cloven stlica with fragmented ends and a
distinctive stereo chemical crystalline structure

Recently Veltcogna, and m this country Dvans and his associates reintroduced
the phy sical force response postulate  This thess was put fornard because certain
objections to the solubility and chemical interaction theory existed It has been
Lnown for years that (1) benign sihcates provide the same or greater 1on concen
trations as does quartz, and yet massive fibrosis does not develop (2) crystathne
silicon dioxide (quartz) 1s highly active, yet amorphous silica of identical chemical
compasition 1s relatively mert (3) fibrous tissue 1s no better barrier to substances
1n solutton than the parenchy mal tissue replaced, (4) that local concentrations of
siliete aud have never heen demonstrated  Thus a new approach to the problem
of silicoms was advanced  The investigations of Cvans and others tool mto
account the pecuhar properties of quartz, knowing that fibrous dusts have no
pomnt of molecular symmetry  and are capable of piezo-electnaty whereas
benign dusts are sy mmetrical or amorphous and mechanical or electrical mfluences
have no effect  Although this theory 1s attractive Vorwald and Parmeggram
have pointed out several defects in ths peizo electric postulate

Out of this historical pyramud of facts, and welter of drverse mvestigations into
the action of siica certain laboratory methods of investigation have ansen which
are of scientific importance 1 determining the nature of the agent or agents
responstble for an mdustral lung disease

Analysis of Lungs ~In the last taenty veats the available methods of assay
mg the foreign content of lung tissues have been greatly enlarged  These newly
established procedures are invaluable for the complete mvestigation of any new
lung disorder

t Micromcneration (spodograms) 5 Spectrography
2 Polarized light 6 \ ray and electron diffraction
3 Petrographic 7 Tissuc studees

4 Chemical analy sis

To this hst, additional means of probing the provenance of a lung disorder masy
be added Histochemical analysts tissue culture ultraviolet spectrography and
other methods should be utiized 1n the complete imestigation of a baffing or
wique ndustrial lung disorder  In the final analvsis of the entire problem
attempts to induce the disorder 1 the expcrimental animal must be attempted

Nane of these mancuvers can stand alone  Chemical analv s> of the Jung may
& high sihca reading as has been repeatedly demonstrated m ndustnal
but redundant collagenous tibrosis of siica 1s not observed 1 the
The diffuse lung alterations i chronic bervllum posonng are &
diographic and morbid anatormcal studies but spectrographic
1 some examples to reveal the metal  Petropraphic methods

mve
aty dwelless
tung tissue

feature of the ra
analysis has farled
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The prncipal gas formed during this process 15 nichel carbonyi M(CO)sand was
apparently nhaled by the worhers

Of 8 worhers in the pit, 3 died within a fortmght, from a fulminating lung dis
order The onset was sudden the dypsnea intensc, and the recovers of the §
survnors was rapid {he x ray examination of the chest i the 3 fatal cases showed
extensve fine shadows in both lung fields  In the non fatal cases, senal rocat
genologie plates revealed that the changes within the lungs were toersible Vatal
capaaity studtes over & peniod of months confirmed this racholagical observation

The morbid anatomy m these 3 casces mdicates the exclusive location of the
patholo,tc alterations withw the Jung parenchyma  Grossly, the lungs were
heavy, wet and dark red an color  Histopathologic exarmnation revealed wade
spread acute disorganization of the lung architecture  Within the alveoh there
was cons derable accumalation of eosmaphihe material and hvehne membranes
1n relation to the deranged septas  Intracapillary engorgement and agglatnative
red cell thromb were plentitul  Capillary rupture into the alveoh was occa
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Fic 57 ~Severe hyal ne fibro » o1 o mixed sthots nodale with 37 2w drdts of 1mprisoned
carbon pymen (X 108 )
Pic 58 ~Septal walf thickemng dur to mononuclear cell sfiltration and ronnective &1 sue
profferat o~ Svncytial ells enme hed 1 hyzhne membrane from a fatal case of meked carhonyl
poonng ¥ 1

swnally encountered  [he septal walls were inhitrated with lymphocy tes plasma
cells and a few newtrophilic stragglers  The fibroblastic orgamization both within
the swollen septal walls and budding into the alveolar spaces was a starthng
finding, (Ng 58} Thus nbroblastic prohferation was quite intense by the
fourteenth day

The lymph nodes other than revealng sinus reticulosis were non contributory
The other viscera were free from alterative effects  Scrutiny of the microsiopic
sections m these 3 cases mdicated that the lesons observed in fatal mickel carbony
powomng were remarkably sunilar to the smarkings observed 1n an intense rhen
matic preumonstis The thanges slso wmulated those seen m radiation preumamtis
and hypureensitive states

Other Metals  Vanadwmm tungsten and osmwm are precions metals and are
creasing m usefulness i mdustral fields  Vanadium s of particular value 1n
speat alloy steels becanse of ws fatigue and tugh thermal shodk resistance proper
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Although chromc manganese potsoning has been hnown for over a hundred
sears through its effcets upon the substantia migra and red nucleus of the central
nervous system producing the chinical picture of shaking palsy of Parkinsonism
the alterative changes wn the lungs have only been recognized since 1921

The bulk of the reports on the effect of manganese upon the respicatory tract
have come out of Germany The workers, pnncpally 1n manganese smelting
works, suffer from a form of lobar pneumoma, known m worker s parlance as
“ma - flux p " 7 tion for this basic slag preumonta 1s
grven in Germany  Baader an 1933 blamed the high madence of pneumoma
among workers on dry cell batteries upon the manganese component In Sauda,
Norway the continumng high madence of pneumococcal pneumonta 1s ascribed
to the overhanging manganese smog

No charactenstic patterns of morbid anatomy have been described 1n the few
fatal cases subjected to post mortem studies Llovd Davies recorded the fact
that pneumoma n workmen employed 1n atmospheres heavily laden with par
ficles less than 1 to [5 microns was no different than the current pneumonias i
thelocal district but that the incidence was far, far greater No permanent effects
could be demonstrated by radiographic studies

Exposure of mice to manganese dust produced a diffusc, brlateral necrotizing
pneumonitis 1n which the dommant infiltrative cell was the mononuclear
Capillary rupture and sprlling of red cells mto the alveoh accompanted the septal
cellular infiltrations  Consohdation and intra alveolar orgamization was a
termmal alteration On the basts of the pathological changes observed i the
mouse lung 1t would be difficult to distingmnsh a manganese pnenmonitis from
current aty prcal pneumonias

Cadmium —Paterson, in 1947 and earlier Frankish observed in several in
stances strtking lung alterations in workers dy g from acute respiratory disease
These men engaged in welding operations, had inhaled intense concentrations of
cadmium smoke Death occurred within a few days and the lesions observed
were of a spectacular character and previously unrecognized

In the ecarly fatal cases profound capillary engorgement ntra alveolar protein
edema flud whltrates of mononuclear cells were noted withmn the septa and m
the lungs of men who had Iived more than five days there was a remarkable
prolferation of the broncholar Immg cells  In this diffuse indurative pneumo
nitts the septal cells mn an active prohferative phase have undergone a trans
mutation into a stratified squamous metaplastic stage and grown donn n a
vigorous fashten nto the aheol (Fig 56) Collagenic fibrosis was focal and of
a stellate pattern within the air sacs  The majonity of the men recovered from
s ept ode and subsequent examimation did pot reveal permanent pulmonary
scarnmg  Several pathologists have submutted for consultation additional ex
amples of fatal cadmium smoke pneumonitis with the lungs presenting the highly
charactenstic alterations ongmmally deprcted by Paterson

Paterson sstudies on the toxicity of inhaled cadmium revealed that an analogous
condition can be readily produced m rats

Nickel —Sutherland Whittaher and Penny noted the pathologic efiects of a
combined gas smoke upon the lung parenchyma In an industnal a:mden!t x:l\

1948 during the clarification of mckel m the Mond process, the gas evolve

escaped mte the workers pits through fatlure of the furnace ventilative methods
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metal or the indridual and radicals as the tovic agent m the production of this
unusual pulmonary disease  Or as a Lancet editonal savs, “to charge such an
admirable metal with having powsonous propertics 15 about as distasteful as
accusing a trusted butler of stealing the famly plate

Althouth non towuc hatophosphate substitutes for berylhurm m the fluorescent
tamp phosphors have been introduced, 1t 15 still necessary as an afloy s metals and
therefore this form of poisorung will remasn a problem

Enology ~The mhalation of bery Hium produces a major disturbance m certain
mdivaduals esthor duectly or through a chan of events which develop w the lung
following previous sensiization  As the primary concern in this contnbution 1
the sequence of pathological changes withsn the lung only passing reference to
shin hver, lymph node and osscous mvolvernent 1is made  The cutaneous lesions
are apparently of the direct contact varety the liver and sheletal involyement m
ammals are systemic mamfestations the changes i the root lymph nodes are
directly related to lung drawage R

Pathogenesis —Bery lium powsoning cuists i two forms  acute and chrone
assocrated with dermal and respiratory mamfestations  These two forms of dis
ease have no mutual relationship although Machle has wsisted that no differen
tiation between acute and chrome forms can be made  The differences betneen
the acuity and chromcity of the processes bemg attnbutable to the solubithty of
the compounds to which the indws sduals are exposed  Probably , the more soluble
compounds of berylhum contaming a strong electronegative group, such as
fuorides or hahdes are mnphicated i the acute cases requiring only a few moments
of exposure  The less soluble compounds apparently cause the chronie disease

Chmeal Findings ~A contact dermatinis m susceptible individuals developing
wm seven o fourteen days after imbial exposure or mndolent ulcers following abra
sions of the hnuchles may be cutanecus warmngs of hypersensiiaty  Other
mdwiduals develop an acule nasopharyngitis or tracheo tronchitis which may
blow up mto the dreaded acute chemmical prneumonitis orberylhum posoning
Acute berylhosts 15 most common 1n the processing and machoning stages with
310 acute cases and only 15 chronic cases reported by Machle

‘The acute preumonthis 1s of sudden anset with substernal paun and progresssve
shortness of breath  The diffuse bilaterat b of the aphic plate
s not seen till two or three weehs after onset of symptoms  Of 98 cases Van Ord
strand mnvestigated 12 were fatal Dutra states that the mortality rate in his
series was 1 per cent the mortahty 1s usually reported as 10 to 20 per cent
Deaths occurred between twenty and thurty davs after onset of 1llness  Survivors
of the scute preumonifis followed up for a penod of ten vears have completely
rec(:i\ ered and no residual changes can be demonstrated by radiological or clinscal
studies

Brochenacal and Hematologreal Valnes —In chrome beryllum powsoning the
plasma protewms are elevated particularlv the alpha and gamma portions of the
globulip fraction and the profile of lwer function tests shows vanable deviations
No charactenstic change in the penpheral blood or marros 1s noted

Pathol i to: of Acute P ~The lungs m fatal cases of
acute herylhum preumonitis are unusually beavy weyghing over 1000 grama each
Cut surfaces are homogeneous edemataus and overcast wub a gravish tige

Pus cannot ke expressed from the Jung  The bronchual Is mph nodes are soft and
succulent
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ties  Although a number of mstances of vanadium poisonmg with the possible
duction of a pneumonitis have been reported further investigation of vanadium
and the lesser used metal osmium 1s required  No well documented pathological
reports on the state of the lung are avarlable Tungsten warrants a closer scrutins
for posstble permanent lung effects
The effects of arsenyc, salts of chromic acid and 1omang radiation are not dis
cussed 1n tins contributton, bemng of a nature that places them bey ond the stipu
lated scope  Although the principal action of these agents 1s through the m
sidtous 1nduction of neoplasia, no well-established bridging pneumonocomosis
has been established for these agents
Berythum ~Historscal Introduction —This rare metal was first extracted
from ores m 1931 Shortly thereaiter a bronchiolitis was obseryed 1 workers m
Germans (engaged 1 such a labor) by Weber and Ungelhardt  In rapid succes
sion between 1035 and 1943 Fabront, Gelman Berhovits and Tzrael Meyer and
Van Ordstrand described various forms of this *metal fume fever* A subsequent
review by Martland of lus medico legal matenal indicates that berylium porson
g eusted m New Jersey in 1934 With the mcorporation of bery tum into phos
phors of fluorescent lamps 1n 1938 the lung chseasc became acute and disturbing
and bemng first observed i Massachusetts mn the earls fall of 1941
Properties and Uses of Bervilium —Bery lhum, because of tts unusual physical
and chemcal properties, has been called the “glamour child of metaliurgy’ or
the * Admurable Crichton of metals > As bery lum 1s about as hight as magnesium
possesses a modulus of elastiutty greater than that of steel and a melting pomnt
far ugher than that of aluminum, and because of these extreme properties, 1t finds
a wide industrial usage
The oxde of bery lhum 1s most frequently used in the manufacture of crucible
and electrtc furnace refractories  The addition of 2 per cent of beryllium oxide
to a zinc sihicate lacquer broadens the zinc sitheate band of fluorescence under an
ultraviolet lamp creating a valuable phosphor  Fusion nath copper produces an
alloy of great strength highly resistant to corrosion and fatigue with high thermal
conductivity non sparkhing and non magnetic  Because of these qualities the
metal 1> heavily demanded 1 the manufacturing of precision tools electric weld
g and wiring  Wath heryHium being many times morc penetrable to ¥ rays than
manv metals 1t 1s <utable for x ray windows Under nuclear bombardment
berylwm and 1ts ovide are excellent metallic sources for neutrons  Oning to 1ts
great elastiaity and low density bery lum 1s valuable i rado and television tubes
and acoustic apparatus It possesses a scavenger action which 15 utthzed mn the
arrcraft ndustry to clean up alummum alloys  Because of mechamcal stabihity
1t 1s used in aircraft protons
Because of these features berilhum 1s widely used m the ceramtc mndustry
neon incandescent and fluorescent lamp manufacturing casting of berylium
copper afloys preusion tooling electric welding and winng manufacturing of
heating elements radio and television tube production awrcraft mdustry and
atomic energy Works
The wdely used oude of beryum 1s extracted under high temperaturcs from
cruched beryl, an nert ote by concentrated acids and fusions In addition to
the use of the pure metal and the oxide bervIum has been bonded with other
and salts sach as fluorides mitrates nitnides sihicates and stearates Trom l};:s
farge number of hervihum compounds 1t s difficult to selectively mncnminate the
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fever, and later cvanosis and digital clubbing herald the ‘delayed chemical pneu
monits of bervllum workers * Most of the chronic cases occur m fluorescent
lamp worbers workers engaged in alloying beryllwum and the singular group of
so called neighborhood cases * This latter group refers to the development of
the chromc disorder 1n ndividuals not occupred m the industry, but hving in the
neighborhood or m the same household as a berylwm worker The exposure
time mn these mdmviduals 15 completely vanable and apparentlv individual
differences play an impartant part  Certainly the neighborhood cases suggest an
allergic” bachground
Pathological Alterahons 1t Beryllim Cranulomatosis —The lungs m chromic
beryllum granulomatosis are heavy 1nelastic and the combined weights range
around 1500 gms  Cut sections reveal many firm nodules measuting up to 4 mm
n diameter fused into a diffuse honeycombed background Emphysematous
regions subpleural 1n situation and within the parenchyma are associated with
dense trabecular strands of scar tissue  The regional lymph nodes are firm and
promuent The two other interesting observations are the inevitable accompani
ment of thickening of the night ventricle and according to Van Ordstrand 20
per cent of the cases posses renal stones containing caleium, and 1n some mstances
beryllium
To Dutra the chronic granulomatosis 1s a morphological extension of the acute
pneumomatis  There is a carry over of the mononuclear exudate, patticularly
withm the septal walls  The starthng feature in the chronic form of the disease 15
the existence of fresh non_caseating or fib g granul within the
septas penvascular and penbronchial tissues (Fig 60) The centers of the granu
lomas are composed of granular, eosmophilic debris accompamied by mononu
clears and LanghaJn'S gant cells  Fibroblasts are arranged around the peniphery
in 2 radiate fashion  \Within the granulomas and usually outside of the giant cells
are numerous, irregular spherical or conchoidal bodies (Fig 61)  These struc
tures are 1dentical with those described n the lestons of sarcoid being blue black
n color in hematoxyhn and eosin preparations and heavily encrusted with won
(Fig 62) Some of these il become pletely fibrosed, and a few
show hvalimization With the coalescence of these nodules concurrent fibroblastic
proliferation with intense scarnng and hyalimization presents an unusual picture
of active granulomatous lesions facal hyahine nodules and estreme distortion
ot lung, tissue due to contraction of scar tissue and marked emphysema The
pulmonary artenes show obliterating endartentis and foam cell atherosclerosis
The root lymph nodes are the morphological mirror of the lung
Several instances of extensive fibrosis and granulomatosts have been noted m
the liver Death occurs in ane third of the cases of chronic granulomatos:s and 1n
most nstances 1s due to pulmonary heart disease based upon alteration of the
pulmonary vascular bed secondary to the extensive fibrosts and emphystma
Because of a certain amount of confusion which ewists n the literature between
chronic beryllosis and sarcodosis  Table %. 13 added hsting the charactenistic
features of each of these granulomatous lesions
The distinction between muihary caseating tubercles the acellular vitreous balls of
silica the necratic granulomas of lymphopathia venereum and a histoplasmic
granulomatous reaction 1s not difficult
Animal Studies —There 15 some evidence that the acute disease 15 reproducible
m anumals - Aldudge found that the lethal dose of bery llum wyected intraven
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In the acute form of the disease, a homogeneous, eosinophilic proten_flnd
fills many of the alveoh Hjyaline membranes are plastered agamst the septal
walls m many mstances  T'tbrinord matersal, apparentls related to the hyalme
membranes and septal walls, 1s present 1n some examples  Orgamzation of this
matenal by macrophages 1s frequently observed (Fig 59)

Within the alveol, numerous mononuclears, plasma cells, and scattered
lymphocy tes are contained in the granular coagulum Lipid debrs or nuclear
remanants within many of these macrophagic mononuclears may be noted A
heavy mhitration of the septal walls by histiocy tic ciements 1s a dommnant feagure
Another lesion 1s the cubordal swelling of the alveolar hining, cells  These celis
frequently coalesce forming syncy tial cells and combned with fibroblasts creating
buds of prohferating ymmature granulomas
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F1o 59 Fra 60
Pic 59 —Profound disorginization of lung i icute pneumomtts of Bervihum poiscmng
Protemn edemn flmd swollen septas with mononuclear mfiltrates and cubordal septal cell  {X 156 )
F1e 60 —Dnffu e monornuclear response with colligen scar tis ue  Regre siny, granulima ind
gant cells at periphery of mononu lear response both features of chronic granulomatosts n
Berylum workers (X 108)

Capillary engorgement and erythracytic extravasation mto the alveolr 15
present A metaplastic change of the termuinal bronchiolar Iining has also been
described which may follow the embryonalization of the septal cells

The related Iymph nodes arc stuffed with Jear phagocy tes g
those seen in the alveolar exudate  The lvmphoid germinal centers of Flemmng
show ¢ toxic alterations Dutra Vorwald and Martland have descnbed
ssolated instances centrilobular necrosis of the hver and umt granulomas composed
of lmphoc) tes and plasma cells surrounding cores of amorphous eosinophilic
debnis

Death i this phase of the disease ts due to asphvua and acute pulmonary n
sufficiency related to the mtense edema and ntra alveolar fibrinoid change mter
furing with gaseaus exchange  Cor pulmonale 1s unusual 1 the acute phase

Chronie Granulomatosts of Berylllum Workers —Clincal Findings —In con
¢rast to the acute form the chromic vaniety 1s msidious and delayed 1n onset
sometimes as long as ten vears after itial exposure The exposure may be
shght or prolonged The radiologscal app e a diffuse svmmetrical

and finemiliary siipphng and s frequenttly noted months before sy mptoms oceur
The svmptoms of fatigue weight I

oss cough mcreasing dyspnea on exertion and
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smoke and nichel carbony ] porsoning  Reviewng my matenal and that loaned by
Paterson Whttaher and Penny, it was noted that both of thest metallic powsons
produced alterations remarhably simslar to the acute lestons of berylbum pneu
monitts  These morphologic findings may not be 50 surprismg when it 1s con
stdered that bery Hium miubits athaline phosphatase in the septas bi competition
for magnestum  The ab ence of phosphatase has been noted through histocherm
cal obsersations on evperymental ammal tissues  Denz has postulated a simlar
ilect of metals upon respiratory enzvmes folloning his experimental mvests
gations with michel carbom!  Furthermore Altschuler has indicated that i a
vamety of acute conditions the fibrinoid change 1s apparently a reflection of
derangement m acad polysacchandes within the septal structures VWhether
this same speculative mechamsm accounts for sumilar pathologic alterations
seen n fulminating rheumatic lung disease or i the lungs of indiiduals dead
from the bined effects of d d lupus eryt and <ensiizing
blood transfustons 1s conjectural  But under the microscope distiction between
all of these conditions is often difficult, because of thetr morphological simularity

Further espenmental support for the interference of alhaline phosphatase
enzyme svstem 1s suggested through the production m rabbits of beryliwm
‘nckets  and the develop of aut sarcoma followmg
mt: mjection  App by radioactive beryilium enters bone after
exceeding the tolerance of excretson visits the osteoblasts remains at that site
profoundly disturbing this hughly important enzyme sivstem of bone  The ipht
bition of alkalne phosphatase in the hiver may account for the chimical picture of
systemuc touiaity  Such a selective enzyme derangement by bery iium may be
the tngger mechamsm for the tissue response finale

Van Ordstrand bas noted positive shin tests 1n the acute forms of the disease
suggesting a hy persensitive status

In the chronic form of berylhum granulomatosis because of sts lengthy de
velopmental maturation pattern and because of this metal s property of pro
ducmg, metastasizing osteogenic sarcoma in rabbits the possibility of the mitiation
and development of bronchual carcnoma although remate must be considered
m humans  To date no acceptable evidence of such a mutual relationship 15
avallable  No increased snusdence of tuberculosss has been observed m chronic
lung disease of berylhum workers

The ACTH hormone of the pituttary has been used with some success i known
cases of chronic berythum granulomatosts Because of the hnown antt wnflamma
torv properties of ACTH with its power to poly merize cement substance futuse
mornd anatomical studies tn ACTH treated cases v ill be of value

The conchodal bodies rdentical 10 Schaumann s inclusions of  sarcordosts,
were ongmally regarded as hghhy ch: 1stic Thetr presence mn the granu
lomas of the fatal cases from the berylim manufactunag plants 1n Salemm
Massachusetts partmally accounted for the chromc granulomatosis of beryl
ium being given the witches name of Salem .arcod  Martland s medico
legal case of 1931 promunently displays these swgular structures In that
these spreulated and caletfic inclusions hase been noted n genwine cases of
Boech » sarcosd and other disorders of the reticulo-endothehal system with the

d 2 the nattvity and structure of

ommon of hyperglobul
these bodies may be related to this  biochenucal leston  of mereased bload
15 1 berythum poisontng

globubn  The tense lear septal p
19
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ously 1n rabbits, rats and nuce, as solutions of 1omzed salts, 1s between 0 5 and
10 mgm per kilogram Death occurred m one to three days and autopsies
showed hver, hidney and spleen lesions  Betwecn 25 to 30 per cent of the bery)
hum localtzed 1n the hwer, and was fixed to tissue protems Localtzation and fixa
tion to body protein in the shin and lungs occurred after subcutancous and inhala
tion admumstrations  Scott, using bery lhum sulphate, through mhalation and
intravenous routes produced a bronchiolar edema and macrophagic response
None of the morphologic findings of a Tear septal | were pro
duced  Hodge with intrapentoneal mjections of bery lum compounds evoked a
mononuclear response but was unable to convert the response to a granulomatous
reaction

TABLE % —DIFFe RENTIATION BETWEFN TUE LEstov 1n - SaReotposIS
AND THE BFRyLLItng GRANLLOMA

Berylltum Granuloma Sarcoid

1 Spacse epithehod cells Nests of compact epitheliond cells m
the pink of condition

2 Afl pha es of progres won Granulomas all of sime age

3 Small gant cells at periphery of leston Large central grant cell

4 Septal fibrosis present Regressing nodule of sarcosd sur
rounded by court of hy aline fibrosis

5 Numerous mnfiltratiy e mononuclears present Peripheral placement of 1y mphocvtes

6 Granular cores of granaloma No necrotic centers

7 Beryllium may be determined 1 the lung, Negative

Ber um compounds in many forms and along mamy routes have been mnestt
gated by Vorwald, and he states that these compounds have been studied under a
* great variety ot conditions, such as diet dust inhalation during pregnancy
and the effect of mfection 1n an attempt to reproduce the ty pe of tissve reaction
present 1n human cases  In no mstance however hasc we succeeded
Toricological Iniestigations —Both chemucal and spectrographic evidence has
ac lated 1 the p 1t1> and granulomatosts of berytium workers that
berylium can be qua rtitatively determmed The ongmal chemical determina
trons on tissue from berylium workers were hindered through lack of a dehcate
method of determination  Unhike the chemrcal comy, ts 10 silicosts asbest
and other pneumonoconioses the bervlium content determinations have been
minute quanttties expressed as nucrograms per 100 gm of tissue  In some 1n
stances even after the entice lung specimen has been ashed a positive readmg ot
bery lhum cannot be obtamed During hfe Dutra has emphasized that the bery!
Lium ehminated 1n the unne should be assayved
The pomt has been emphasized by Ellins that 1f we are to consder  that an
atom of bers flium 1> as harmful as an atom of lead the relative atomic weights
must be regarded  BeryHium has an atomic weight somewhat less than one
¢wentieth the mass of lead which possesscs an atomtc weight of 207 This means
that a section of bone or other tissue contalning 1 mecrogram of lead myy be
considered as no more abnormal than a sinilar section holding somewhat less than
§ 0> micrograms of bery lm Thereforc a chemical methed sensitive to hun
dredths of 2 mlcrog(rlam 18 :egded These conditions are now being met by
bbard s metho
Chll;lii;t:;:zfolnﬁ ETh( lesions of acute pncumomtl; of[ bl:en Hhum w orl;c[riaa:]r; lrl:?nt
speatfic  Analogous lesions have been seen mn fatal human cases




NON-SILICA PNEUMONOCONIOSES 291

Silver —In silver polishings with constant use of rouge 1ron ovide Harding
and Barne have demonstrated dust reticulation m the lungs of four sibver
fimshers—the condition was named arsvro siderosis  These worhers had died
from bronchopneumonia or after surgical operations unrelated to thewr occupa
tion  The 1ron oude was deposited in the lung lvmphatics the silver component
m the medzal wall of the arteries and alveoli No fibrotic changes of a collagenic
or reticular nature were noted  Orcutt m his studies was unable to demonstrate
collagen formation i experimental argy rosis

Tin - The accumulation of the tm ouide within the Iymphatics of the lung 15
another example of the accumulation of dust phagocytes leading to a bemgn
pneurnonoconiosts  This state 1s refered to as stannosis and i every aspect 15
simlar to the other conditions concerned with the accumulation of mert dusts in
the lungs (Fig 63)
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Fe 67
Fic 61 —Bizarre calcified and 1ron encrusted inclusional structure within a nest of mononu
clear In tiocytes (X 288 )
Fic 62 —Irregular knobbed nclu 1on f urrounded by lymph and plasma cells
(X 108)

F1o 63 —Ac umulition of mert dust 1n mtra alveolar macrophages 1n expenmental anmal
No fibrosts present (X 108)

There 15 some Justihication for the term benign pneumonoconiosts mtroduced by
Pendergrass and Leopold i that mert dusts may cause charactenstic radio
graphic changes but no fibrosts  But as the lung 1s essentially an elastic organ
and 1f 1ts elasticity 1s impaired through ntracellular deposition of metals such
as silver or stretched through accumulation of inert dusts m the lung 1y mphatics
there may be emphvsema and shortness of breath It 1s on this very pomt that
Gough and Heppleston clamm that the coal muiners asthma 1s due to the dis
tortion and splinting of elastic tissue through the excessive accumulation of

bemign  dusts such as carbon leading to permanent emphysema  The opposing
concept held for years has been of course that the komophage takes up a
muxed load of silica and an mert dust such as coal or won and frequently the
Odyssey of the macrophage 1s halted half wa) with the macrophage migrating

through the lymphatic wall into the surrounding alveolar walls ensuring the
fibrogenuc action of the transported silica
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and biochemical findmng of high blood globulins recalls the fact that abnormally
igh globulins are frequently associated with plasma coll nfiltrations as n my elo
matosis  Campbell, Good, holouch and other investigators hasve related intracell
ular globuhn formation to mononuctears based upon a vamety of expenimental
methods

A large numbcr of questions remam unanssered i the burylum problem
With large numbers of workers exposed to the metal why 1s only a small group
affected? YWhy a flond disease m one individual and delas ed for v ears m another®
Whs the farture to produce the chronic disease m small animals 1f bersHwm 1s
the causative agent® Ist bery Hium or a radical which produces the disease® De
spute the lack of defiutive answers for many questions 1t 15 satisfuing, to agree
with Aub that  we have a better understanding of bervlhum 1 five years than
we had of lead 1n a thousand *

THE ACCUMULATION OF INERT DUSTS

Metals and salts of metal> owing to varving degrees of radio opacity, produce
v ray shadows Ihentensity of the radiographic shadow vanes with the atomic
weight of the metal  Arnigon: and later Pendergrass showcd that the mmhalation
of barium dust produces extremely dense punctuate radiographic changes

These metals trapped n the lymphatics of the Jung produce stipphng of the
lung fields and are dumonstrable by radiographic studies  The condition pro
duced has heen described as benign or nert pneumoconiosis

Iron —Heavy tron dust concentrationsare produced n ovvacetilene grmding
of steel alloy sand ocher mill turnertes the worhers in these industriesinhahing dust
made up of 98 per cent won  The mhalation of 1ron with an atomic weight of
87 produces finer and less dense radrographic shppling than that of banum
which possesses an atonuc + exght of 137

Since the exposition by Doig and McLaughlin 1t has been repeatedls demon
strated through radiographic means that won produccs reticutation  The con
dition has been labelled siderosis  This radiological term retsculation was re
evalvated n the hght of autopsy findings reported by Inzer and Sander
Harding s expenimenta! studies with red tron oxide injected into rats and the
accastanal carly example of stderosis n hematite and magnetite mmers unequiy
ocally established the iron dust as lving trapped ta the Iy mphoid nodules of the
septas pernvascular and peribronchnal Iymphatics  In none of these examples
has the virginal tmpnisoned tron evobed a fibrosing reaction

The 1nert nature of won 15 corroborated by tissue extdence from other conds
tions  Transtustonal stderosis 1s 10 most mnstances unaccompamed by fibrotic
reaction  In the fow mstances in the liver m which tibrosia was found this diffuse
sear teaction was conditioned by severe anemia and nutmonal dehictencs  One

atient has recaved 1250 gm of whole blood iron without ensuant hbrosts
In the natural occurring concition wdispathi pulmonary hemo wlergsts {Ceelen
Gellerstedt syndrame) the septal thickemng probably repre ents 2 mesenchy mal
de{j;r‘xg expasures with absence of functionat impmrment and reversibiity of
radiographac shadows on removal of the worker from ron dust mnccmr;x(t;ons
supports the postulate that 1on or tron salts are without hbrosive powers and are
canstanth beng cleared from the lungs
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lung constituted a serous industrial menace  The workers in Germany were
engaged 1 the manufactunng of incendiary muxtures esplosives and pants
In Germany the condtion was first described by Goralewshin 1939 Subsequent
evidence indicates that the chinical pathological syndromes which developed m
Germany and m Canada, although associated with different end manufactunng
processes are apparently identical

Properties of the Metal —In the mining and crushing of bauwite ore 1n British
Guiana or Arkansas no il effects have been noted  No dust 1s liberated at this
phase of the processing due to the motsture of the ore earth  The crushed ore 1s
subsequently dried and loaded Agan at this step no deletertous effects have
been recorded  In Canada the warlers who develop the disease are engaged m
the processing of bawwte for the manufacture of artificial corundum The proc
essing 15 carried out n electric furnaces with the miy consisting of finely ground
bauvite 1ron and coke Carbon electrodes are lowered to the surface of the mix
and fusion occurs at a temperature of 2000 C  Dunng this process dense
white fumes composed of amorphous stlica and alurmina are evolved and carrned
upwards to the roof of the factory  Above the furnace pots n this heavily con
tarunated atmosphere are the furnace feeders and crane operators  All the
fatal cases occurred i this class of workers

In Germany 1 the manufacture of explosives an alummum powder 1s manu
factured erther by a blowing or stamping process  In <uch proces<es the alunminum
particles are covered with paraffin hle substances and theatmosphereisheavily
contaminated with paraffin covered finely particulate aluminum oude powder
The dust concentration reached such ligh levels that explosions withm the
factories frequently occurred

Chnical Findings —Both 1n Germany and Canada there wasa rapid develop
ment of respiratory 1liness, often within three or six months of commencement of
vorh The workers complained of acute shortness of breath substernal pamn
and fatigue  Cyanosis and spontaneous pneumothoraces resulting from rupture
of gigantic emphy sematous bullae were frequently noted Rad. phic shadows
were brlateral diffuse Jace hke and granular with greatly increased width of
mediastinum and lung collapse At the time of Shaver s imtial roentgenographic
survey of 341 worhers employed 17 per cent of those were effected The mor
tality rate with two years clinical lustory 1s approximately 30 per cent

Etiology — 4s chemucal mnvestigation of the flue conditions and final analyses
of the lungs revealed proportional constituents with siica reading from 30 to 45
per cent and a2lummum from 40 to 60 per cent of the total, both elements have to
be considered mn the causation of this unique lung disorder Spectographic deter
minations and x ray diffraction revealed that the majonty of the particles were
amorphous  In the disease in Germany Goralewsht Jatten Jager and Eicl hoff
have suggested that the mechanism 1s that while aluminum 1s highly resistant to
aertal ouidation 1t 15 freely soluble in sodum chlonde salution forming 2 sodium
alummumate 1n lung tissue  Thus a colloidal aluminum hydrovide complex re
sults 3f the sodwm and chlonde 10ns are allowed to diffuse away  If protems are
also present they are precipitated around the partly dissolved alumunum particles

Pathogenesis —The German investigators believe that an tonic complex or
paraffin coated alummum mitrated lung changes On the other hand 1t 1s our
behef and Roelsch s that more direct factors are responsible because of the mnten
stty of exposure and of unsatisfactory ventilation m the furnace rooms The
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Perry s conclusions and my own on wnert dusts are 1 svmpathy with Gough s
on the role of carbon in the productton of pulmonary disability ‘It seems pos
sible that any dust, no matter how 1nnocuous m small concentrations would
large enough quantity eventually overnhelm the defences of the Jung and accu
mulate 1 such amounts as to impair function, such a form of Jung disease would
be the result of causes of a mechanical nature—the physical presence of large
amounts of mert foreign matenal ’

Graphite —Graphite 15 a stereo chemical modification of the crystallne struc
ture of carbon 1t 1s a half brother to the diamond and carbon black  Graphite
15 used 1n foundries electrodes and pigments imported from Ceylon and Mada
gascar, and 1n unloading a dustv blach atmosphere 1s ercated Dunner and
Bagnall claim the development of a graphite pneumonocontosis 1n dock workers
engaged in unloading ships Jaden with graphite But, the sthiceous content of the
graphite reached as high as 30 per cent and although black delmuted necrotic
cavities were found m the autopsied cases, the interpretation that graphite
produces a distinctive pneumonocontosts should be viewed with caution asn the
past both Gardner and Belt have stressed the frequency of aseptic cavitary
necrosis 1n complicated sihcosis  On the other hand Jaffe and MacMahon have
recently documented cases of graphite pneumonocontosts which support Gough's
claims on the effect of overwhelming accumulations of carbon or related pgment»

Discussion —There are several points to be remembered in the mterpretation
of so called mert dusts (1) An sntimate detailed industnal history should be
obtamned from the patient, relattves work mates and employers accounting for
every pertad 1n the individual’s occupational history  (2) It should be remem
bered that a combination of an inert dust with fibrosive sihea often occurs  The
relationstup of nert dust to a fibrosing dust occurs not only 1 some 1nstances of
graphite pneumonocontosts but also m ¢ Boiler Scaler s disease —a combinatton
of won ovide and «<tlica  Both components produce radwographic changes but
the silica 15 responsible for the frank collagenic nodules {3) From diamond
dust to marble the two defense mechanisms of the Jung the ctha and the dust
phagoc tes (honiophages) are of prime importance w the daily elmination of
particles  Phagocytosis of dust particles by macrophages with mtra alveolar
concentration migration of dust charged macrophages mto pernvascular hm
phatic vessels and a mimimal accumulation of lymphocy tes and the occasional
giant cell laden with dust are the morphological reflections of non texic dusts
Beyond this any assoctated connectne tissue prohferation 1s regarded as a
proliferatre response to touic dusts It 15 1n this dim borderland between masstve
accumulation of dust phagocy tes and carly connective tissve response that the
contention anses between labelling a dust as an wnitant or non irritant

BAUXITE FUME PNEUMONOCONIOSIS

Historical —In an mdustnal survey of workers m an alimmum abrasive manu
facturng plant of Niagara Falle Canada Shaver noted roentgenologtc shadows
1n the lung fields that were <o starthing and different that the films were tmmedi
ately charactenzed as beng of adistinctve ongin This description constitutes
the first recognttion on this continent of this specific crippling lung dxsordc; a{::oud
ated wath the manufacture of alummna abrasrves  Wath the completwn of grl
War IT nformation and evidence came out of Germany that an * aluminum dust
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61} TIn the older cases radiating bands and masses of rubbery blach tissue are
evident Grossh there 1s complete absunce of shotty or confluent nodulatron
The gun metal color 15 apparently due to the diffuse scarrmg spreading out the
anthracotic pigment The other outstanding feature associated with this pulmo
nan fibrosis 15 the presence of diffuse emphyvsematous vesicles  The vesicles
are found not onhy withmn the fibrous parenchyma but particularhy beneath the
subpleural regions  VMlicroscopically there 1s a constant anatomuc pattern of

Fic 6> Fic 66
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Fi6 65 —Eurly fbrobla tic prohferation withm septal nally and beginning fusion  Lympho

cytes and fine particulate dust contamed withimn swollen al eolir walls in Bawgte furne disorder
(X126

FI6 66 —Intnnsic hyalhmization of septal walls 1 another example of Shavers disease
(Bauwite fume prieumanocomo 11 (X 108 )

Fic 67 —\I tung fu 1on and ~onsersion of alseolar wafls 1nto wrreversible stage of Bauvi e
lung (X 1081

T1u 68 —\streous hyal mzat on of aleolar wall and ac umulation of dust laden macropha es
(X 108 1

iffuse fibrosis  The imtial lesion 1s an mtracellular septal edema with earh
fibroblastic proliferation with mfiltration of lymphocyvtes and plasmae cells
(Fig 63)  Succeeding the inflammatory ccll wnfiltration there ts intense fibro-
blastic proliferation and heavv collagen deposition The irregular starched and
stiffened trabeculae are made up of charartenstically sclerosed alveolar walls fre
quently suggestive of Chnese lettering (Fig 66) The fibrosing septal walls are
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mechamsm isthat of an amorphous dust evoling a raprd!v sclerosing process within
the septum and interfering with the hontophage transmission mechanism  The
absence of amorphous silica in the German factories manufactuning aluminum
dust substantiates the thests that aluminum dust i mtense concentration and
1 an amorphous form acts as the domnant agent, rather than the concentration
of aluminum and sihica acting together The combnation of dust 1n these cases

Fi1o 64 —Tran evtion of lung, 1o fat d Bauxite fume poeamonocomosts  Fine reticulir bch
ground with begmoing emphy em1  \o enlryement of {ymph nodes or pleurtl thickemn,,

does not play a vital role in the ettology of this dust disease  Although it ts known
that a combination of dusts will to 2 certain extent modiy 2 frank stlicotic process
they will never completely erase it Simlanly Ring has demonstrated that an
antidotal mixture of alummumlh\dmnde with quartz lowers solubihty but 1t
t experimental silicosis

do;satg;&::c:; Angtomy The outstanding features of the lun,, from the gress

nation were the relatnely normal size and the gun metal color The tungs
s 500 to 700 gm 1 all the cases examined  There 1sa diffuse

tel
wogh appeott ® }0'\ throughout which produces a fine fish net pattern (11g

widespread mnduraty



NON=SILICA INI UMONOCONIOSLS 297

tective action, as in this form the alumina s unable to take up water and offer
a protective surface covening over the irntating silica particles

Denny and others 1n 1939 cxposed rabbsts to metallic aluminum dust below
5 to 15 mucrons 1n size and no fibrosis was produced  Belt and hang repeated
these expeniments 1n rats, and balls of fibrous tissue were formed Gardner con
tended that amorphous sthica was rapidly eliminated and no lestons in the lung
developed but confhicting evidence on this pomnt has recently appeared from the
same laboratory  Utthzing the stack fumes which gave a spectrographic pattern
simulat to the lung residue, there are some indrcations that a fine diffuse fibrosts
can be produced 1n the rat and guinea pig

Chemical Analyses of the Lungs —Spectrographic determinations revealed
that the majonty of the particles are not greater than 0 5 microns in diameter
Analysis by x rav diffraction and electron microscopy shows the fume particles
are between 001 and 05 microns 1n size 1 other words of submrcroscopic
structure

In the fume and ashed residue of the lungs beta and gamma alumna are pres
ent indicatnve that the alumina 1s present in an uncombmed form  Crstobalite
wasalso found 1n the free silica component suggestive of the fact that the quartz
had been heated to high temperatures Quantitative chemical assessment revealed
n 9 lungs of our series that the distribution of siltca and alumina in the ash was
equal approximately 40 per cent of each These figures were of the same magn1
tude as the quantities within the stack fumes

RESPIRATORY DISEASE DUE TO INHALED
VEGETABLE MATERIAL

In the handling of agricultural products directly or mdirectly untold milions
of workers are involved  These workers are Liable to aflection by the dust ansing
from hay straw gram tobacco peppers sugar cane chafi and cotton A group
of diseases labelled asthma bronchitis and pneumoma may follow the inhala
tion of these dusts Despite the large amount of clinical matenal amongst
people alleged to be suffering from farmer s lung thresher s lung gram fever
tobacco dust disease paprka sphtters lung there 1s a pauaty of well
documented matersal Two conditions apparently related to the mhalation of
sugar cane chafl and cotton have already been digmfied with mouth filing names
such as bagassosis and byssinoss

Bagasse Disease of the Lungs —Bagassosts refers to the respiratory disease
which develops in dock workers or shredders of dried bagasse bales The respira
tory illness 1s not found 1n workers handling the matenal after 1t has been heated
The sugar cane from which the juice has been extracted 1s called bagasse Curious
ly enough the disease process apparently occurs onhv in workers handing
bagasse denived from Loutstana sugar cane This vegetable hber matenal 1s
used mn nsulating board  The 1llness which develops n these workers requires
an exposure of several months to the dust has 2 sudden onset with sudden
shortness of breath and cough productive of sputum sometimes blood tinged
Shadows of reticulation or nodulation ke those of miliary tuberculosis have been
shown by « ray exammation Raduological follow up on these patients indicate
that the lung changes are reversible within two to four monthe
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often matted together and produce wide bands of scar (Figs 67 and 68) Al
though doubly refractile particulate matter 1s scattered throughout the lungs,
the site of this pigment deposttion and particle size and shape are not of an
crimmating nature
The secondary pathology associated with this umque hbrosis 1s the widespread
appearance of bronchial hyperplasta and dilated alveolt filled with basophilic
trapped mucus  Tetahzation of the epithelium overlying the parenchymal scar
1s 2 common finding  In the regions of diffuse fibrosis, endarteritis obliterans 1s
frequent  Other nonspecific features found are confluent broncho pneumoma,
and lipoid pneumoma  Lipidization withsn the Jungs 1s, probably, of an endogenic
nature  Only 1 fatal case out of 8 exammned showed caseous tuberctlosts No
examples of lung cancer occurred  Cor pulmonale 1s a frequent comphcation
Driscussion —Due to the natural hustorv of the disease and the unusual type
of lung fibrosis 1t 1s accepted that this disorder 15 a dust caused disease The
excessne diffuse fibrosts throughout the lung tissue favors a * chermcal dust’
as the cause  Although amorphous silica occurred in the furnace fumes, constder
ation of sihea as the causative agent was abandoned for several reasons (1) The
fungs m ths condhition lack the size, the nodulation the configuration and the
stone hke character of the siheotic lungs  (2) Because of the integnty of the lym
phoid collections within the fung it 1s postulated that m this condition the primary
assault and brunt of the attack are borne by the septa, unlike the lymphatic in
volvement scen m sihicosts (3) Although Costero has stressed the poh morphism
of silicotic fibrosis in some fatal cases as due to organtzing pneumanttis or trans
formation of atclectatic zones no pathological lestons resembling these arc en
countered  (4) Furthermore the dense strands of scar tissue can be traced back
to the matting together of thichened fibroblastic septa  (§) Even in acute silt
coses of the soapstone industry and in the Gauley Bridge disaster the lestons in
the lung are remunscent of stlicosts  (6) The anatomucal pattern of this disease 15
diffuse whereas in silicosts of man and experimental amimal the response 1s nodular
{7) No adnusture of dusts such as carbon or 1ron with free sshea ever completely
alters the nodular nbrosts producing a diffuse septal fibrosis
On the other hand there 1s some conflicting evidence  Crombie has investigated
the prophylactic inhalation of fine alumnum powder 1n mine workers over a
perod of three vears and none of these workers developed pulmonary diseases I
have performed autopsies on muners m Northern Ontario dead from natural
causes who had been previousls treated in the change houses with finely particu
late alumnum powder and no spectfic lung changes were observed In the
grmnders of al n arrcraft facturing and mn factory workers making
alummnum powder in England Hunter and his associates have indicated that
there was no obvious impairment of health The answer to these paradoxical
observations may lie 1n the diffcrence in particle size and concentration of dust
n the working atmospheres
Ammal Studies —Studies in the expenmental ammal bave not resolved the
onfusion as to the basic action of amorphous alurmnum  Denny  Robson and
Trwin claum that the development of sihcosis in the rabbut can be prevented with
he mtroduction of finely divided afurmnum mto the quartz used for dusting
the 1. o1x vears later Belt and hing were unable to obtam

etiion of this wor
Or:;}:ef protective, action Irwin speculates that amorphous alumina has no pro
su
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phological grounds  (») Combnations of the foregoing factors  the relationship
between dust and an infectious agent other than as a mechanical carrer will
require careful investigation and scientific probing

THE EFFECT OF SILICATES ON THE LUNG

The touchy problem of distinction between accumulation of dust phagocyvtes
and the mmtiation of connective tissue prohiferation reaches a histological zemth
1n the field of so called sithicatoses The processing crushing bagging or saching of
these matenals results m the formation of mtense concentrations of dust mn the
atmosphere which are mhaled over a period of vears by the laborers  And yet,
with long histones of exp 1 such atmosph the exact nature of the
injunies produced 1n the lungs has not been estabhshed There are a number of
reasons for this the radiographic evidence 1s equivocal post mortem reports are
sparse and the expenmental investigations have been lhumited

The most mportant of these sihcates are Fuller s earth (Al $10;) Chma Clay
(HA1$105) Mica (aluminum silicates with potassium or magnesium) Sillimamte
(A1510) diatomaceous earth and French chall (H:Mg:Su0s) or talc, including
tremolite tale

Fuller’s Earth —Several admirable detailed reports of the effects on lung
following, prolonged inhalation of this clay are in the recent hterature  The first
post mortem report 1n medical annals 15 by Campbell and Glovne, and quite
recently a second case reported by Tonming  Although the clav has a wide geo
graphic distribution and 1s ¢ xtensively used 1n industry (as early as 1892 Sherlock
Holmes remarked in His Adventures that ¢ Fuller s Earth was a valuable prod
uct ) the above reports are the only two contnibutions on the morbid anatomy

Fuller s earth 15 defined as any clay having a lngh capacity for removing color
from ammal ~egetable and muneral ol expressed as (Mg Ca) O ALO;SSI0;
(5-8) Hy,O In the example reported by Campbell and Gloyne the constituent
was a member of the montmonllonite group  After this non plastic clay was
mined the matenal was baked The mass exposure to this clay in the mstance
reported by Campbell and Gloyne was thirty eight years with a history of m
creasing, dyspnea and cough for a year and half before death  Gross examination
revealed a number of datk colored nodules measuning § to § inch 1n diameter 1n
all lobes of the lungs These soft nodules were poorly delimited crumbling m
character and differed even to the naked eye from the lesion of silicosrs Large
numbers of dust particles were present n the bronchioles and air spaces  These
foreign body particles were ovoid and translucent ranging from 15 to 30 microns
1n diameter and doubly refractile with crossed Nicol prisms  These particles
were mdistingwishable from the native Fuller s earth at the works A reticular
proliferation surrounded the particles 1n the lymphatics of the lung (Fig 69)

Moderate emphy sema was noted  No ewvidence of tuberculosis was encountered
No appreciable trace of sencite or quartz was detected Middleton referred
to these pathological findings as a 1y mphatic ppeumonoconiosis without nodula
tion In Tonnings case n which the patient had not been exposed to Fuller s
carth dust for fifty years dust reticulation foa were still plentiful after an exposure
of fifteen years ir lis youth Natne Fullers earth 1s apparently not capable
then of producing extensive collagenic fibrosis  This lack of fibrosis accounts for
the mmmmal # ray evidence found by Middleton and McNally and Trostler
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Because the disease 1s seldom fatal only rare opportunities have thus far been
presented to determme the histological changes n the lungs
In humans senal biopsy studies and a single autopsy study have revealed
localized pneumonic arcas composed of macrophagic foam cells with foreign
body reactions around the bagasse fibres
In expenmental anmals Gerstl Fager and Mannaro, through the inhalation
route, produced extensive focr of necrosts and mononuclear celular reactions
followng the mtroduction of fresh bagasse matertal  Bactertological examina
tion of the fresh bagasse matenal and n the damaged lungs revealed numerous
fungal mycelta and spores  With autoclaved or formalimized bagasse only small
foreign body granulomas were noted  Hunter and Perry 1n a single autopsted
case out of 39 exposed workers reported findmgs of bronchiolitis and bronchiec
tasis  Histologieal examination showed ‘ nothing to suggest a disease of fungal
ongin  No definsttve report as to the speaific incttant has been offered but
future studies of biopsy and autopsy matenal should involie extensnve cultural
analyses and utilization of the pertodic acid technic on fixed tissue to ard m the
detection of fungal organisms or their shells
Cotton Disease of the Lungs —An acute resprratory sliness of several weehs
duration 1s acquired from handling cotton fiber in mattress manufacturing, cotton
sacking and weaving concerns has been descrbed m Amenca by Neal and
i England by Colhs  But a chronic form has been known for vears, and 1s re
ferred to by Lancashire cotton workers as Mond1y fever or factory fever
This chromc form 15 assoctated with long exposures 1n carding rooms of ten years
or more incieasing shortness of breath, productive cough and mncreased broncho
vascular marlings in the reentgenogram  Dunn and Sheehan have published
the onlv report on the pathological anatomy of this industrial disease  Chronic
bronchitis emphy sema and cor pulmonale were the only findings These lestons
were not in a way different from those observed m a chronic mnfective or allergic
asthmatic  An excellent review of this subject by.smosis has recently appeared
m the British Vedical Bulletin of 1950
Discusston — T'he cause i all these diseases 1s obscure A number of theories
have been reported to esplam this heterogeneous group of conditions (1)
Allergeme because of the known frequency of vegetable dusts mn inducmng sens
tvity and because of the nature of evposure to the dust of grawns tebacco or cot
ton  (2) Inhalation of difterent bactena alony, with the vehicular dust  ero
bacter cloacae has been found n the sputum of bagasse shredders (3) Inhalation
of fungt  Tawcett ascribes farmer s lung  to a fungus  Tornell claims chincal
response of this pulmonary condition to the therapentr use of the empincal
fungicide potassium todide  Petn dishes exposed to the dusty atmosphere pre
vailing m cotton carding rooms grow a legion of fungr  Jamuson and Hopkins
a5 well as Gerstl regard bagasse disease as a fungal condition  Several instances
have been seen of pneumoma followng the cleanmg of an uld gram silo i which
1he workers breathed in a dusty atmosphere of pulvenzed gram  Studies on thesc
cases revealed a necrotizing pneumonia caused by Histoplasma capsulatum
Funally there 1s no doubt that crops of gramns rotting orpanic vegetable matenal
or v et, then dned cotton and bagasse bales contain mnumerable fung: and spores
(4) Pnsical and hemcal properties of the dust responsible for these lung cond:
(derable 1nvestigation  No diagnostic tissue findings have as

utres Cons
tions xeq 3 of these conditions are separable an

yet been described to imdicate that an
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morphological g ds (») Combinations of the foregoing factors the relationship
between dust and an infectious agent other than as a mechamcal carner will
require careful investigation and scientific probing

THE EFFECT OF SILICATES ON THE LUNG

The touchy problem of distinction between accumulation of dust phagocy tes
and the muiation of connective tissue prohferation reaches a histological zenit
1n the field of so called silicatoses The processing crushing bagging or saching of
these matenals results in the formation of 1ntense concentrations of dust m the
atmosphere which are inhaled over a period of vears by the laborers And vet
with long histones of e m such atmosy the exact nature of the
mnjunes produced m the lungs has not been established There are a number of
reasons for this the radiographic evidence 1s equivocal post mortem reports are
sparse, and the expenimental investigations have been hmited

The most important of these sihcates are Fuller s earth (A1$10;) China Clay
(HLA! $105), Vica (alurminumn silicates with potassium or magnesium) Sithmamte
(ALS10;) diatomaceous earth and French chalk (H:VMg:$1,0, ) or talc including
tremolite talc

Fuller’s Earth —Several admrable detailed reports of the effects on lung
following prolonged nhalation of this clay are in the recent hterature The first
post mortem report 1 medical annals 1s by Campbell and Gloyne and quite
recently a second case reported by Tonming  Although the clay has 2 wide geo
graphic distribution and 15 extensively used in industry (as early as 1892 Sherlock
Holmes remarked in His Adventures that Fuller s Earth was a valuable prod
uct ) the above reports are the only two contributions on the morbid anatomy

Fuller s earth 1s defined as any clay having a lngh capaaity for removing color
from ammal vegetable and mineral oil expressed as (Mg Ca) O ALO:SSIO:
(>-8) HO In the example reported by Campbell and Gloyne the constituent
was a member of the montmonllomte group After this non plastic clay was
mined the matenal was baked The mass exposure to this clav 1n the instance
reported by Campbell and Gloyne was thirty-eight years with a history of 1n
creasing dy spnea and cough for a year and half before death  Gross exammation
revealed a number of dark colored nodules measuring 4 to  inch 1n diameter m
all lobes of the lungs These soft nodules were poorly delimited crumbling m
character and differed even to the naked eye from the lesion of silicosss I arge
numbers of dust particles were present in the bronchioles and air spaces  These
foreign body particles were ovord and translucent ranging from 15 to 30 microns
n diameter and doubly refractile with crossed Nicol pnisms These particles
were indistingwishable from the natwve Fuller s earth at the works A reticular
proliferation surrounded the particles in the lymphatics of the lung (Fig 69)
Moderate emphy sema was noted  No evidence of tuberculosis was encountered
No appreciable trace of senate or quartz was detected Middleton referred
to these pathological findings as a lymphatic pneumonocomosis without nodula

tion  In Tonnmgs case n which the patient had not been exposed to Fuller s
earth dust for fifty years dust reticulation foct were still plentiful after an exposure
of fifteen years ir his youth Native Fuller s earth 1s apparently not capable
then of producing extensive collagentc fibrosis This lack of fibrosis accounts for
the mimmal x ray evidence found by Middleton and McNallv and Trostler 1n
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radologreal surveys of workers at Fuller’s earth plants  The high base exchange
mentoned by Policard, as an important property of Tuller’s earth has had httle
wnfluence on the septal connective tissue

China Clay —An mportant mgredient used mn manufacturning of pottery,
paint, soap and paper The bulk of China clay, a hydrated silicate of aluminum
cornes from Towey, Cornwall and workers are exposed to the dust in shovelling
the dried clay out of hilns  As radiographic studies have not revealed any pro
found motthing in these workers, and ittle disability has been credited to the dust,
this dust probably evoles at the most, dust reticulation  In Rang’s experimental
work v ith kaohn administered to small ammals no fibrosis owcurred

Sl

~Sil} an al silicate 15 obtamed from crushed
rock finely pulvenzed and calaned This matenal 1s used 1n the manufacture
of porcelain  Although Midd} on radiological e ton  regarded the

dust as harmless and produced only marhed accumulation of dust phagocy tes, two
German workers, Jotten and Erckhoff, produced fibrotic nodulation 1n rabbts,
which had becn inhaling the expenimental dust for 2 jears
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Itc 69 Fic 70
FiG 69 —-Dust reticulation focus m China clay lung (X 132}
F16 70 —Diffuse cellular and hustiocy tee folloming earth exposure

(X 168)

Diatomaceous Earth —Vigham and Mottura m an extensive review of the
rote of diatomaceous earth m the production of a pneumonocomosts add a single
autopsy report Out of 7 ndividuals makang candle filters ail of whom showed
radiographic shadows, there was 1 fatahity  The case was that of a male ex
posed for eleven years to calcined diatomaceous earth dust and revealed pro
nounced dust reticulation diffuse cellular and granulomatous prohferation n
the septas pervascular and peribronchial regions (Fig 70)  But above afl
there was hyaline sclerosis sumilar to that seen 1 massne quartz stheosis Al
though the materal employed contamned 80 per cent dratomaceous earth the
cause of the pneumonocontosts kes 1n the micro cry stalline silica content of the
caleined dratomite Y ray diffiraction revealed the pattern of enistobahite  The
explanation for the hyahine fibrosis probably lies in the fact that igmbon of native
datomaceous earth or Raeselgur converts amorphous siltcon dioxide into micro

balite—a potent agent m the production of sihcotic fibrosis
crystalline cristol

both n the e~<penmenta1 ammal and man



NON-SILICA PNFUMONOCONIOSFS 301

Nordmann reported 6 fatal cases of alleged diatomaceous earth pneumono
contosi> following nhalation although the crude diatomite was hnown to contam
large amounts of quartz and asbestos! The lungs presented the pathologic
findings attributable to quartz  Legge and Rosencrantz noted radiographic
<hadows 1n 81 out of 118 workers n a diatomite quarry at Santa Barbara Cal
fornia where one of the largest deposits in the world exists  The workers for the
most part were Mexicans or Indians with 2 known high imcidence of tuberculosis
o autopsy studies were made More recent studies of this condition were
presented mn 1948 suggestine of a diffuse cellular prohiferative lung disease

The expenmental work up till Policard s researches m 1936 mndicated that
diatomite or tripol produced nodular fibrosts Policard later supported by
Duvorr and associates were unable to induce fibrosis m rats with pure diatomite
dust In man and ammal deliberate and acctdental dusting with surgical tale
mitiates lamellar hyaline fibrosis

Tremolite Talc —In the cases reported by Porro Patton and Hobbs 1n 1942,
of the 6 autopsies documented out of 15 examples of tremolite talc pneumono
comosis there was m addition to diffuse reticular proliferation and numerous
asbestos bodies (Fig 71) extensive scarring of a fibro hy aline nature with sthcotic
nodulation noted Of the 6 cases 4 showed active tuberculosis and case > re
ported as diffuse ‘ wheatena calafication with necrotic granulomas represents
probably a fungal mfection possiblv due to Histoplasma capsulatum Agam
of the 4 out of 6 workers all had worked at least six vears i wron lead and zinc
mines previous to employment in tremolite talc miming From these facts 1t
1s difficult to label the alleged tissue effect due to talc, although the notation of
diffuse cellular proliferation recalls the response seen bv Viglhano m his post
mortem report of diatomite prneumocomosis The asbestos_bodies owe their
ongmn to the fibrous tremolite and anthophy Iite components (asbestine) In the
cases of radiol 1 tale described by Eason and associates 1t 1s
difficult to ascribe the changes simply to tale when the dust mhaled was a
pyrophyilite containmg 30 per cent quartz

Discussion —This histopathological silicate effect may be expressed in the
followng graphic fashion

China clay (HiAl 5:0 }

Tale (H\gS O ) Dust Ret ulat on
an
Mica (A1S10 ) Histioeytic p o~
Iif ration

Fuller Earth (A1SO)
D atomite (S1O nH O)
1

1

Calemat on ~————— Silicosis
12:0-2000 C

To assess the role of silicates upon the lung a number of principles established
or contentious must be concidered (1) As Durkan has shown that calanation pro
duces a change n the physical structure of diatomite and Gardner earher had
found that the xray diffraction pattern of diatomaceous earth calcmed at
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radiological survey s of worhers at uller s carth plants The ngh base exchange
mentioned by Policard as an important property of Fuller’s carth has had little
miluence on the septal connective tissue

China Clay —An important mgredient used n manufacturing of potters,
pant, soap and paper The bulk of China clav, a hydrated silicate of alummum
comes from Fowey Cornwall and workers are exposed to the dust in shovelling
the dried dlay out of hilns  As radiographic studies have not revealed any pro
found motthng in these workers and hittle disability has been credited to the dust,
this dust probably evoles at the most dust reticulation  In King s experimental
work with kaolmn, admmustered to small animals no fibrasts occurred

Sillimamte —Sili , an all silicate 1s obtamned from crushed
rock, finely pulvenized and calemned This material 1s used 1n the manufacture
of porcelam  Although Middleton, on radiological exarmnation, regarded the
dust as harmless and produced only marhed accumulation of dust phagocy tes, two
German workers Jotten and Eichhoff, produced tibrotic nodulation wn rabbuts
which had been mhaling the experimental dust for 2 years

F16 69 —Dust retsculation focus in China clay lung (X 132)

following earth etposure

F16 70 —Duffuse cellular and histioey tic
(X 168)

Diatomaceous Earth —3ighan and Mottura n an extensive review of the
role of diatomaceous earth n the production of a pneumonocontosis add a smgle
autopsy report Qut of 7 indnviduals making candle filters all of whom showed
radiographic shadows there was 1 fatality  The case was that of 2 male ex
posed for eleven vears to calaned diatomaceous earth dust and revealed pro
nounced dust retriculation diffuse cellular and granulomatous prohiferation in
the septas penvascular and penbronchial regions (Fig 70)  But above all
there was hyalne scleross similar to that seen in massive quartz sthcosts Al
though the material emploved contamned 80 per cent diatomaceous earth the
cause of the pneumonocontosis hes 1n the micro crystalline silica content of the
calained diatomite  \ ray diffraction revealed the pattern of cristobalite  The
erplanation for the hyvaline fibrosis probably hes in the fact that ignition of natine
diatomaceous earth or Rueselgur converts amorphous stlicon dioxide mto micro
crystafline cnstobahte—a potent agent in the production of sihicotic fibrosis

both 1n the experimental animal and man
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magnesium, and 1ron are represented 1n the relatis e proportions of approxtmately
silica 40 per cent magnesium 40 per cent and 1ron oxide 3 per cent even within
the lungs chemical estimations on cases of asbestotic fibrosis will be withm this
range

Taste XI
1mplibole
Blue Croctdolite Chrysofile
South 1frica Amosite W hte Canadian

Sihe 50 47 415
Aluming 1% 6% 3¢,
Fernie Oude 35% 37, 2%
Alagnesit 2¢5 6 105,

In the processing of the mmeral at the factories much of the iron 1s removed 1n
the washing so that the fiber consists principally of hy drated magnesium sihicate
Any 1ron encrusted upon the asbestos fibers within the lungs 1s probably denved
from hematogenous pigments liberated 1n the lung during the course of the disease

In the contaminated weaving sorting or carding rooms or even mn the crushing
houses the asbestos particles are mhaled 1n two forms Both vaneties can be
recogmzed 1 the lungs at histological examimation  the black granular pigment
15 that portion of the asbestos matenal still contaming the unwashed iron motety
and forms a dehmite proportion of the inhaled particles

LEtiology —The mcarceration of the asbestos fiber n the bronchiolar and alveo
lar wall evokes an exudation of protem flud and cells  This outpournng of fluid
15 10 response to the forergn body, perhaps to the sthcates contamned within the
fiber The protemn derrved from the plasma and the 1ron from ery throcy tic deg
radation contribute to the sarcopbagus built around the fiber (Fig 73)
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Fro 71

Fic 71 —Diffuse ceflular proliferation and intra alveolar asbestos bodies 1n mived tremolite
tale mumng (X 192)

F1c 72 —Diffusse pulmonary adenomatos:s ( alseolar cell carcmoma ) and associated 1o
traals eolar horse shoe shaped asbe tos body 1n an example of advanced asbestosis (X 197)

Patl —The actual mech ponsible for the production of fibrous
tissue 15 not completely settled From the chemical aspect 1t has been suggested
that hvdrolysis by means of carbon dioxide and intracellular flurd leads to libera
tion of the magnesium moiety of the asbestos fiber 1n the form of a soluble bicarbo
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1250° C showed the spectrum of cristobalite, st 1s difficult to exclude the possi
bility that cristobalite was not responsible for the pathological lestons observed
(2) In the examples brought forward by Viglano and other workers calunation of
diatomaceous earth had occurred sn the processing of the tal fillers  (3) The
occupational histonies and the exact nature of the processing, of the talc are not
well chroncled  (4) The well documented cases of prolonged inhalation of un
calcned Fuller's earth show only diffusc reticulatton  (5) The constant recur
rence of the term “ diffuse cellular prohferation’ m all reports of talc or diatomace
ous pncumonocontosis suggests that this change along with dust reticulation
represents the ultimate effects of native tales  (6) Other factors may of course
account for the sweep of cellular proliferation, the existence of pizo electniaty
or rapsd ronization of the tales into more irntant formsof dust It 1s thus apparent
that silicates particularly diatomaceous earth possess most probably the abilits
to produce a diffuse sweeping penitymphatic probiferative change but further
myestigations need to be done to substantiate such a conclusion

Asbestosts —Hustorical Iniroduction —Although Murray in 1900, Marchand
in 1906 then Fahr in 1914 were the first to rccogmze that diffuse pulmonary
fibrosis found at post mortem was associated with the mhalation of asbestos
fiber 1t was not unttl ten years Jater that Cooke McDonald, Gloyne Wood
Merewether and other wmvestigators clearly established an etiological relationship
between the mineral fiber and this crippling lung disorder  To all intents and pur
poses asbestosis 15 a modern preumonocomosts modern mdustry has only been
offering compensation within the last twenty vears Murray's report attests to
the extremely dusty atmosphere prevalent in cardmg rooms of absestes factores
a patient suffering from disabling lung fibrosis on the wards of Charing Cross
Hosputal stated that he was the sole survivor of ten men who had started work
with him m the carding room where the asbestos fiber was separated from other
constituents of the crushed matenal

Chinscal Findings —The chnical syndrome described by Merewether stressed
the gradual onset of dvspnea dry cough and clubbing of the fingers The roent
genogram showed a shaggy outline of the cardiac shadow and m the lung fields a

diffuse ground glass appearance Whyers has shown that with improvement of
preventitive measures and plant hygiene clubbing of the fingers nas greatly de
layed but still found 1n 50 per cent of the afilicted indrviduals  There was also an
apparent 1ncrease in the development of lung cancer  The x ray appearance has
become more extenstve and denser according to Linzach and Wedler  Because of
the lowered concentration of dust the disease requires greater periods of time for
maturation as long as thirty five vears in some mdividuals  The morbidity rate
has been markedly reduced through plant samtanon  Althongh i Finland as
recent as 1943 Wegehus demonstrated that 6 » per cent of the workers m 2 card
1ng factory suffered from asbestosts  But n most countnes working conditions
have been vastly improved through nigidly enforced plant hy giene methods

Properties of the Mineral —Asbest unc ble 15 a mmeral
egetable hnown for thousands of years and utthzed becausc of 1ts insulat
fire resistant properties In manutacturing fire proof curtamns shingles
boarding A major source for this material has been the nch deposits
where there are intense concentrations of Canathan chryso
1s usually assouated i the earth s crust with deposits of
On chemical analysis the three clements of siica

ogical v
ing and
tiles and
1n southern Quebec
hte 71he quartz rock
chrome iron and magnetite
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from tissue oudation and hvdrolvsis  This outer crust 15 Prussian blue po itne
and responaible for the bizarre and wrregular structures seen in the regions of
densest fibrosis or withw the alveolt  Gardner and Cummings produced the
asbestos body by treating the naked fiber with rron and silicate <olutrons “Fiity

seven vaneties' of shapes have been desenibed by several authors particularh
Glovne although the most frequent tvpes encountered are discond verruaform
‘chichen bone’ * bamboo bodies  and ¢ gnarled or Indian club outhines
Fissured segmented, crenated and moniliform bodtes are al-o seen  The golden
vellow bodtes may measure up to 300 mucrons n length and 5 te 10 microns n
width with the central portion unstained and not reactmg to Prusstan blue 1n
contrast the outer core posscswes a marhed affinity for istochemucal stawns speaific
foriron (Fig 73) These bodies are non refractile, so that polanzing hght 1s not
required for therr demonstration

THE ASBESTAS BODY

EXOGENIC ENDGGENIC
Fibre - - - --~Fe Forengn body
(MaFesi0,) ca reaction
Hydvation ‘ == =~ = —-=-=Prussion blue

Frc 73

Antmal Studies — The evidence that the diffuse fibrotic reaction in asbestos 15
due to the long fiber component 1n the amphibole and crysotile group of mimnerals
15 indirect  The non fibrous moietres tn these mmnerals such as magnesium
caloiem and iron are mert  1f a hydrated magnesium oxide known as brucite
which exists in a long fibered form 1s expersmentally introduced mto small animals
a pattern of fibrosis simular to that seen in asbestosts 1s seen  Furthermore as
silica 1s not present 1n bruaite 1t cannot be incnmunated as the fibrogenic agent
Further support for the causation of the fibrosis as bemng due to the long fiber
200 micron 1> 1ndicated by the fact that on crushing the asbestos fiber mto frag
ments below 10 to 15 microns and then dusting under intense expensmental con
ditions no fibrosis results  This causative mechanism recen es additienal support
m that other amphiboles or crysotiles although chemurcally different w:ll produce
asbestosts as long as they exist in the long fiber form

Sundiwes and Bygden point out that the long needles of titamium oxide which do
not contamn silicic aad cause Jormations dentrcal to those seen 1n asbestoss

20
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nate The ron 1s converted into an hydroxtde and the essential silica 1s converted
mto the gel metasilicic acid — As this gel possesses a high surface tenston, 1t 1s
formed at an nregular rate giving the material an wregular spherordal and
crenated appearance
On the other hand, most myestigators favor a direct foreipn body evocation of
fibrosts  Because of the large size of the structures they probably penetrate
into the bronchroles and set up a foreign body reactron with ensuant fibrosis
Certamnhy foreign body mant cells are frequent in this form of pneumoconiosis
The lodgement of the asbestos tiber n these anatomical sites with the constant
movement of the lung forces the asbestos particle in 2 needle Iike fashion mto the
bronchiolar and alveolar walls producing a direct traumatic efiect, the alterations
betng the result of direct irritation and not due to an end effect through chenucal
solution of the sihcate fiber
If the formation of sihicic acid was responsible for pulmonary fibrosts, 2 pattern
of siltcotic nodulatson would be expected
As the asbestos fiber 1s a large one, phagocy tosts by giant cells 1s a promment
featute Distant transportation of the asbestos fibes does not take place, so that
1sbestos bodtes are not observed n the fibrosed hilar }ymph nodes
Pathological Anatomy —The lungs show a diffuse fibrosts particularly in the
lower lobes, presenting a wet leathery appearance frequently nodular with a
gray brown or black mottled appearance  The location of the fibrosts in the lower
lobes 1s explained on constant gravitational inhalation of the asbestos fiber The
pleural cavities are frequently obhterated by dense tough adhesions with the
pleura reaching up to 2 cm 1n thickness The diaphragm 1s mvolved also m this
obhterating process Histopathologic examination 1 the earlier cases shows a
pertpheral subpleural and at tumes, a septal fibrasis, after several years the pert
bronchial scarnng and fusion fibrosis 15 the outstanding feature The pen
bronchtolar fibross 1s most characteristic and 1s indicative of the prmarple site of
action of the asbestos body  The more recently reported post mortem studies
of asbestosis emphasized that the fibrosts is not as advanced and svmphysis
of the interlobar fissures s not as pronounced as 1n fatal cases of twenty years
ago Cor pulmonale 1» a frequent manifestation with extensive asbestosts
Direct secondary pathological alterations associated with this preumono
contosts are of importance  Within the lungs chronic bronchitis bronchiectasis
bronchiectanc abscesses ant pronounced emphy sema are all frequenthy obseryed
m addition of course to the obliterative changes of the pleural spaces  Bactersal
bronchopneumonia as an mtercurrent infection s a frequent cause for the lethal
termination of tins condition  Acute caseous tuberculosis 1s a frequent comphca
tion 1 this diffuse pulmonary fibrosts
Mature of the Asbestos Bodv —The highly charactensstie structure within the
Jung 1s the translucent glistening fiber made up of a fibrous skeleton and the outer
crystallime deposit This combmed body forms the pathognomonic golden yellow
structures hnown as  asbestos bodtes The naked fibers are the important ele
ment from the standpomnt of fibrogenesis  Schuster has described asbestotic
fibrosts In a dog which was used for ratting purposes in an ashestos cardg plant
the intense lung Fbrosts 1 this dog was attnbutable to the naked crystals of the
bestos fiber \favrogordato Gloyne and Gardner have shown by experimentat
asne that the outer crust s built around the mner core of the fiber This for
;::?,s: 1s due to a collowdal nteraction between fiber and body protems dernved
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between the two conditions Contrany to thus Perry believes that asbestosis
favors the development of lung cancer His cases shoned a frequent association
between asbestosis and bronchogenic carcinoma of oat cell glandular or squamous
cell pattern  This relationship 1s not as readily accepted 1n America as 1t 1s 1
England But 1t would appear that there 1s a sequential developmental pattern
between the two judging from individual case reports  Such a post hoc, propter
hoc argument warrants further search

Of 1teelf asbestosis requires an intensive exposure to the long fibered asbestos
dust over a penod of approximately ten years to produce a cnippling lung dis
order  Asbestosis alone 1s not usually accompanied by profound rapidly develop
ing respiratory embarrassment  If such a phase occurs 1n a known example of
ashestotic fibrosis, there 1s usually 2 comphcation of infective or viral pneumonia
tuberculosis or cor pulmonale from the vascular blochage with the onset of
cardiac dyspnea

Prolonged cardiac failure according to Lendrum leads to focal siderosis with a
granulomatous response These granulomatous foct made up of giant cells
fragmented elastic tissue and encrusted with wron and calawm are frequentls
confused with asbestotic granulomas to the undisciplined eve  These focal sider
otic granulomas are usually at the site of the pulmonary bronchial arterial anasto
moses which are functional 1n chronic pulmonary nsufficency  These siderotic
nodules 1n the lung parenchyma correspond to the Gamnt Gandy nodules seen
1n the spleen in portal hypertension and are possibly of similar causation

As clumps of ashestosts bodies have been found 1n the sputum twenty three
years after a one year exposure the diagnosis of this condition 1s mandatory and
may be estabhshed by several means eg the ncedle puncture of the lung on
those cases which show radiological evidence of widespread fibrosis, or simtlar
acceptable signs  Another maneuver worthy of tnal 1s evfohative cvtological
studies of the sputum with the demonstration of clumps of asbestos bodies int:
mately hnked with elastic tissue

RECAPITULATION

From all of these canomical facts, 1t 15 possible to agree with Belt that the lung
15 a dossier filled with menmmating evidence  In the following quotation al
though Belt 1s referning to the coal miners lung the underlying principles are
equally pertinent to the more recently d forms of p

The collier s lung 15 1n a very real sense his occupational Jog book 1t retains a
quahtative and an mdelible record of the mineral particles breathed duning hfe
and after death 1t constitutes a sort of pahmpsest of the mndustnal history
The collier s lung 1s Iike a parchment which has twice been written upon The
ongmal legend 15 in the form of dust reticulation and 1s mscribed over the whole
fabric from top to bottom Though the penmanship vartes 1t 1s set down always
in the same spidery characters It s like the labortous uneven writing of a child
now 1n a weak and faltering hand now with a bolder flounsh  The black dust
which fills the role of a prmitive sort of ik 1s heavily polluted with sandy gnt
The later legend 1s so to speak 1n z different tongue wrntten still more unevenly
In coarser characters and by a heavier hand These are the heirogly phics of
silicz and tubercle Under this later mfluence the earlier record may well become
smudged and distorted but 1t remains legible
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As the asbestos necdles of Timmish asbestos dusts are harder and more clastre,
they produce a higher madence and greater severtty of lung fibrosis  Despite
the bulk of evidence supporting a mechanical causation for ashestosis as deter
mined by Gardner and Vorwald’s work, King and fus associates reported that the
mtratracheal mjection of fong fibers (15> microns) mto rabbits produces a nodular
reticulinosts comparable with the silicotic nodule mn experimental amimals, and
short fibers produced a diffuse mterstittal increase mn argy rophilic reticulin
Chemical Analysis —In an analy tical assessment of the lung from a fatal case of
asbestosts the contributton 1s hmited  In ashing the lungs, the chemtcal analy sis
reveals varving quantities of magnesium calaum on oudes or alummum
Depending upon the partitional analysts 1t 1s possible to mdicate that the con
tamed mmerals are compatible with an origin mn, for mstance the amphibole group,
such as amosite crocidolite or a serpentine earth
Discussion — The development of ashetotic fibrosts occurs in the weaving card
1ng and sortmg rooms of the manufacturing plants Control of the dust in these
sections of the process has markedly reduced the mcidence of the disease Al
though the bulk of mining of asbestos occurs m Southern Quebec, no extensive
series of asbestosis has been reported i the mumng or rock crushing divistans of
preparation
It 1s hnown that asbestos bodies are frequently expectorated in the sputum,
without climeal or radiologieal evidence of the disease  The mere presence of
asbestos bodtes 1n the sputum does not mean that a disabling Jung condition 1s
existent  Just as a single swallow does not make a Summer an asbestos body 1
the sputum or an 1solated sihicotic nodule 1 a post mortem lung specimen does
not constitute evidence of a crippling pneumonoconiosts
Tuberculosts prinapally of the acute cascous type 1s often associated with
asbestosis and appears on morphological grounds to be an engrafted process
upon previously prepared soil The presence of asbestos spicules within large
caseous tubercles clearly indicates that the acid fast mfection developed after
the fibers had already been mhaled Tubcrculosis from a review of the Iiterature,
appears to play an active role i approumately 30 per cent of the cases It can
be scen then that tuberculosis although contributing to the lethal outcome m 2
fair proportion of examples does not affhct thys fibrotic lung wath the same m
tensity and inaidence as 1s known for silicotic fibrosts  In our senies of sthicotics
studred, tuberculosts was found 1n 75 per cent of the individuals  The lestons of
tubercle are clear cut and there 1s no difficulty m recognizing the destructrve dam
age wrought by the acid fast bacitlus ™o alteration of the pre existent asbestotic
fibrosis occurs with the comphicating tuberculous mfection  The co existence of
sarcord has also been reported with a single instance of asbestosis but there 1s no
definite causative Inhage Pinkerton has reviewed a number of surgical spect
mens and autopsy material previoushy labelled sarcordosis and has m a number of
mstances demonstrated Histoplasma capsulatum  Thus fungal diseases should
be cousidered m determimng the nature of complicating, necrotizing granuloma
tous mflammatory reactions seen in asbestoss
Recently a case of pulmonary adenomatosis was seen associated with numerous
traseptal asbestos bodies initiating a chain of thought on asbestos bodtes
e pd Itimate effect (Fig 72) Homburger analy sed several of his own cases of
R ?ﬂ which primary carcinoma of the lung was present and also considered
;ts::zls\ reported examples concluding that there was no tell tale relationship
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between the two conditions Contrary to this, Perry believes that asbestosis
favors the development of lung cancer  His cases showed a frequent assocsation
between asbestosis and bronchogenic carcinoma of oat cell glandular or squamous
cell pattern  This relationship 1s not as readily accepted 1n America as 1t 1s 1n
England  But 1t would appear that there 15 a sequential developmental pattern
between the two Judging from individual case reports  Such a post hoc, propter
hoc argument warrants further search

Of 1tself asbestosis requires an mtensive exposure to the long fibered asbestos
dust over a period of approuimately ten years to produce a cnipphng lung dis
order Asbestosts alone ts not usually accompanied by profound rapidly develop
g respiratory embarrassment  If such a phase occurs 1n a known example of
asbestotic fibrosts there 15 usually a complication of nfecttve or viral pneumoma
tuberculosis, or cor pulmonale, from the vascular blockage with the onset of
cardiac dy spnea

Prolonged cardiac failure according to Lendrum leads to focal siderosts with a

f

tou it ‘These granul tous focx made up of giant cells
fragmented elastic tissue and encrusted with 1ron and calaium are frequently
confused with asbestotic I to the undisciplined eye  These focal sider

otic granulomas are usually at the site of the pulmonary bronchial artertal anasto
moses which are functional in chronic pulmonary mnsufficiency  These siderotic
nodules in the lung parenchyma correspond to the Gammt Gandy nodules seen
m the spleen 1n portal hypertension and are possibly of simlar causation

As clumps of asbestosis bodies have been found 1n the sputum twenty three
years after a one year exposure the diagnosts of this condition 1s mandatory and
may be established by several means g, the needle puncture of the lung on
those cases which show radiological evidence of widespread fibrosis or similar
acceptable signs  Another manewver worthy of tnal 1s exfohative cytological
studies of the sputum with the demonstration of clumps of asbestos badres 1nt1
mately Iinked with elastic tissue

RECAPITULATION

From all of these canonical facts 1t 1s possible to agree with Belt that the Jung
15 a dosster filled with incnminating evidence  In the following quotation, al
though Belt 15 referring to the coal miner s lung the underlying principles are
ﬁquaH} pertinent to the more recently recognized forms of pneumonoconioses

The collier s lung 1s 1n a very real sense his occupational log book 1t retamns a
quahitative and an indelible record of the mineral particles breathed dunng hfe
and after death 1t constitutes a sort of palmpsest of the industrial history
The collier s lung 15 hike a parchment which has twice been wntten upon  The
onginal legend 15 1n the form of dust reticulation and 1s imscnibed over the whole
fabric from top to bottom Though the penmanship varies 1t 1s set down always
n the same spidery characters It s like the laborous uneven wniting of a child
now In a weak and faltering hand now with a bolder flourish  The black dust
which fills the role of a pnmitive sort of ik 15 heavily polluted with sandy gnt
The later legend 15 s0 to speak n a different tongue wntten still morc uncvenly
in coarser characters and by a heavier hand  These are the heiroglyphics of
silica and tubercle  Under thus later influence the carlier record may well become
smudged and distorted but 1t remams legible

—
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From observational and experimental facts and arm chatr fancies wrstten
about carbon, siica and other minerals producing long disorders, an elemental
sheleton has been created, which offers support for the more recent nvestigations
of modern and distinctive pneumonocomioses (Fig 74)
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Occupational dusts of a non siiceous nature grve nse to distinctive clinical and
pathological disorders  The starched trabeculae produced by Bauute fume the
mononuclear granulomatous response to beryllum or the penily mphatic cellular
spread due to the fossihzed diatom are highlv characteristic patterns of disease
encountered mn this day and age The chemical pneumomas and the lung altera
tions related to moldy organic material are of a different nature These too
await eluadation  Of equal importance are the sequential complications of dis
abhing lung diseases such as crippling heart disease or wasting lung cancer and
these can be understood only 1f the background of the pathological changes 1s
properly mterpreted

1t still remains paradoxical that the healing fibrosng response in the lung
which brings  succor and salvation to the consumptive brings disease and death
to the good earth worker
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From observational and expertimental facts and arm chair fancies written
about carbon, sihica and other minerals producing long disorders, an elemental
sheleton has been created, which offers support for the more recent m estigations
of modern and distinctive pneuntonoconioses (Fig 74)
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Occupational dusts of a non siliceous nature give rise to distinctive cltnteal and
pathological disorders  The starched trabeculae produced by Bauvite fume the
mononuclear granulomatous response to beryvllium or the perily mphatic cellular
spread due to the fossthized diatom are highly charactenstic patterns of distase
encountered mn this dav and age  The chemical pneumonias and the lung altera
tions related to moldy organi. matenal, are of a different naturc  These too
awart elucrdation  Of equal importance are the sequential complications of dis
ablg lung diseases such as crippling heart disease or wasting lung cancer and
these can be understoad only if the bachground of the pathological changes 1s
properly interpreted

1t still remamns paradevical that the healng fibrosing response 1n the Jung
which brmgs * succor and salvation to the consumptive brings discase and death
to the good earth worker
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