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INIRODUYUGEITION:

Attention has been directed during recent
years to a curious condition of the gall-bladder
characterised by the deposit in its wall of large
collections of lipoid substances, of which the most
important is cholesterol.

Since this condition was first deseribed
in 1909 numerous case reports, and papers dealing
particularly with the surgical aspects of the disease,
have accumulated, but on the other hand the patho-
logical problem presented by it has received singular-
ly little attention, and such reasons as have been
advanced as to its origin have been largely hypo-
thetical. It has therefore been felt that a fuller
consideration of the disease and of several related
pathological and physiological problems would be of
use.

The writer has been fortunate in meeting
with 35 examples of Cholesterosis of the Gall-bladder,
the majority of them occurring in patients under the
care of Professor D.P.D. Wilkie, and this collection

forms/
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forms the basis for the present thesis. In many of
the cases it has been possible to carry out complete
investigations of the patients, both before and after
operation, to obtain full histories and to correlate
the impressions thus gained wiih the actual findings
at operation and with careful naked-eye and micros-
copic examination of the gall-bladder after its
removal. It is proposed to present the clinical and
pathological observations made upon this series of
cases, along with certain other relevant features of

clinical interest, as Part I. of this thesis.

The occurrence of cnolesterol deposits in
the wall of the gall-bladder has appeared to the writer
to be of more than passing inzerest, for the following
reasons: -

(1) Although cholesterol is of widespread
distribution and may be laid down in many sites
throughout the body in large collections, yst little
is known either of its real funetion in regard to the
general body economy or of the conditions which control
its deposition, Such deposits consequently attract

jin‘tens':stin inverse proportion to our knowledge of
their causation.

(2) The biliary tract is known to bear very
particular relationship to cholesterol, for, with the
exception of the milk during lactation, the bile forms

by /
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by far the most importent vehicle for its exeretion,

and it therefore becomes a very attractive hypothesis

that the gall-bladder, as a specislised part of the
biliery tract, bears some close relationship to this
excretory process and that this relationship renders
it particularly subject to the deposition of choles-
terol.

Part II., of this thesis is devoted to a econ

1

siderétion of these and other aspeets of the disease,
and to a description of experimental work which has
been carried out in relation to them. Firstly,

Cholesterosis of the Gall-bladder will be considered

in its relation to similar deposits of cholesterol in
other organs. Secondly, an excursion will be mede |
into the realms of Comparstive Pathology, to describe|
s similar change which it has been the writer's good :

fortune to observe in the gall-bhladder of a cat.

human being will be considered, and the experimental

|
|
|
|
Thirdly, the possible causes of Cholesterosis in the |
1o |
prodnction of the disease in animals under controlled|

[
conditions will be described. And lastly, experi- |
mental work will be recorded which goes to indicate |
the relation of Cholesterosis to the function of the i

|

|

gall-bladder and biliary tract.

Whatever/




Whatever may be the pathogenesis of
Cholesterosis of 'the Gall-bladder, a festure of very
practical interest is its relation to the formation

of gall-stones. It is well recognised that Choles-

| terol forms the chief constituent of the great majori

of gall-stones, and it will be shown later that those
stones which consist almost entirely of Cholesterol
seem particularly apt to be associated with Choles-
terosis of the Gall-bladder. The relationship
between these two conditions therefore invites

examination.

In Part ITII. the present-day views as to
the formation of gall-stones are considered, and in
this connection several eases from the series here
reported are described, which indicate the relation-
ship existing between the origin of stones and

cholesterol deposition in the gall-bladder wall.

t7
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P A R T I.

CLINICAL, AND PATHOLOGICAL FEATURES

I. DEFINITION.

The term Cholesterosis of the Gall-bladder
Was proposed by Mentzé&aig include two conditions,
previously recognised, which are characterised by the
deposit in the mucous membrane of the gall-bladder of
lipoid substances and especially of cholesterol.

Tne former of these two conditions is that known
variously as the "strawberry" gall-bladder, "fish-
scale" gall-bladder, lipoid gall-bladder, etc; the
latter condition is that described as Cholesterol
Polyposis or Lipoid Papillomatosis.

These two conditions differ essentially
only in one particular, the distribution of the
lipoid. In the former, "strawberry" change, 1lipoid
deposits are scattered more or less diffusely over
the mucous surface of the gall-bledder and are seen
as innumerzble tiny yellow specks, which, in a some-
what congested mucosa, give an appearance sometimes

closely/
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closely similar to that of a ripe strawberry. In
the condition of Polyposis, on the other hand, the
lippid deposits are aggregated into one, two or more
sites, giving rise, as the accumulations increase, to
g gradual projection and pedunculation of the mucous

membrane surrounding them.

Note as to Terminology. It is unfortunate

that such a well-defined pathological entity es

_ Cholesterosis of the Gall-bladder should have
received suceh an abundance of names, and it is felt
that, whilst certain of these in virtue of their
descriptive charscter and of common usage should be
retained, others are unnecessary and even actually
misleading.

For the purpose »f this thesis "Choles-
terosis'will be used to signify the condition as a
whole (although the term "Lipoidosis", whieh has also
been suggested, would probably be more accurately
descriptive). "Strawberry" change deserves reten-
tion as a convenient and well-recognised term for the
diffuse form of Cholesterosis, and the localised type
of the disease is mosE accurately described as
Lipoid Polyposis.

The term Papillomatosis seems particularly
misleading in connection with such polypi. It
appears to have been originslly based upon the view

that/
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that the epithelial hyperplasia sometimes associated
with Cholesterosis was of a neoplastiec nature, but
this must now be quite definitely recognised as in-
correct. The polypi simply result from the
mechanical effect of a large accumuletion of lipoids
and have no other significence, and any associated
epithelial hyperplasia is purely inflammstory in

origin and course.

o3

II. HISTORICAL

e

The first description of "Cholesterosis"™ of
the Gall-bladder is usually attributed to MOYNIHAN(36)
in 1909, but while it is true that Moynihan deserves
the credit for bringing this condition to the notice
of the c¢linical and espeeially of the surgical world,
it must be admitted that Pathologists had recognised
its existence and had indeed conducted much patient
research work in connection with it many years pre-
viously,

Thus, vIRCHON'*7) in 1857 noted that fat-
like granules were frequently found in the epithelial
cells of the wall of the gall-bladder, and ASCHOFF 3!
in 1906, recognising the importance of this finding
in relation to the question of the excretion of
cholesterol via the bile, performed numerous

experiments/



(9)

experiments to ascertain its significance.

It is MOYNIHAN, however, who first recog-
nised the disease clinically. In a characteristi-
cally lucid paper he gave a very accurate description
of the naked-eye ménifestations in three cases, but,
although he noted the importance to the surgeon of
being able to recognise the disease, he interpreted
its significance incorrectly as an intramural forma-
tion of gall-stones. The true understanding of
Cholesterosis, as a pathologicel accumulation of
lipoids, was not appreciated by celinicians till
several years lster.

In the following year, 1910, MacCARTY(28)in
an elaboreste classification of the inflammations of
the gall-bledder, again drew attention to the naked-
eye appearance of Cholesterosis, which he regarded as
merely a form of chronic catarrhal Cholecystitis, the
yellow colouration of the "specks" being attributed
to an inflammatory desquamation of the epithelium
resulting in subepithelial fibrosis and secondary
bile steining.

In the same paper MacCARTY also described
a8 sSingle case of a cholesterol polypus in the gall-
bladder, which he classified under the title
"eatarrhal papillomatous cholecystitis™,

Though/
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Though he failed to advance our knowledge
of the essentisl pathological processes underlying
Cholesterosis, MacCARTY did much, however, to attract
sttention to this condition, both by his happy
bestowal of the name "strawberry" and by his insis-

(29) upon the

tence in several subsequent papers
frequency of the lesion,

Mueh of our knowledge of the pathological
aspects of Gholesterosis we owe to BOYDié), whose
masterly paper in 1923% placed our knowledge of this
condition on a sure footing. In particular BOYD gave
a lucid description of the naked-eye and microscopic
appearance of the disease“and gave convincing proof
of the nature of the lipoid chiefly involved.

In France much attention has recently been
devoted to Cholesterosis from both elinical and patho-
logical aspects by CHIRAY and PAVEL'Y ), whose views
upon the aetiology will be referred to frequently in
the course of this work, by LEGENE and MOULONGUET ‘26
and by GOSSET(an and his associates, who have deslt
particularly with the elinicel and surgical aspects

of the lesion and its relation to stone formation.
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I
aga
VI

DESCRIFTICN OF SrECIMENS.

For the sake of lucidity it is proposed to
give here a general description of the Morbid Anatomy,
the Histology, and the various other aspects of
Cholesterosis rather than to depict in oft recurring
details the individual specimens which have been
examined. The descriptions given here are, however,
based upon examination of the actual specimens of 35
cases of Cholesterosis which form the present series

and individual variations from the general type will

‘be referred to as they are encountered.

liacroscopic Appearance

(1)

(a) M"Strawberry" Type. Eiges 1. 2. B,

and 4 1illustrate the naked-eye appearance of sSome of
the best examples of "strawberry" change which have
oceurred in this series, It will be seen that the
appearance is striking in the extreme.

The mucous membrane of the whole gall-bladder
has in most cases been distinctly congested and some-
times of dark red colour, so that in the fresh speci-
mens the tiny nodular yellow "specks" of lipoid stand
out in great contrast, giving an appearance which in
many cases closely resembles that of a ripe strawberry.

The appearance is even more striking, as
BOYD has pointed out, if the gall-bladder is examined
under & binocular dissecting microscope. (The close-

view photograph in Fig.2 gives a somewhat similar

impression/



jmpression.) In the healthy organ the surface of
the mucosa is raised up into numerous tall, thin,
gossamer-like ridges, surrounding deep oval or
polygonal hollows. (It is these ridges which, owing
to thelr eppearance in cross section, are usually
described as villi. The gall-bladder has no true
villi, but common usage necessitates the retention of
this term.),. -.In the "strawberry" gall-bladder these
ridges, instead of being thin and tenuous, are stout
and swollen, and within them the lipoid is seen as
dense or streaky yellow masses, which, in the words
of BOYD, load the villi "much as the delicate birch
tree might be weighed down by a load of snow".

In all the cases of this series the lipoid
has been confined (on naked-eye examination) to the
summits of the ridges; other cases have been
reported, however, where even the deeper recesses of
the wall have also been invaded. In the well-marked
case illustrated in Figs. 1 and 2 the lipoid had
infilsrated extensively, affecting practically the
whole extent of the summits of the ridges, and as s
result the deposit appears in this specimen as yellow
linear streaks, following the general line of the
ridges and running longitudinally alonsg the gall-
bladder,

The/
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The striet localisation of the lipoid to
the gall-bladder is a very interesting phenomonen, for,
however extensively the gall-bladder is infil trated,
the lipoid appears invariably to stop short oi the
cystic duct, which is entirely free from the deposit.
In the gall-bladder of Figs. 1 and 2 this delimitation
was especially striking, though unfortunately it is not
well reproduced in the photograph. The infiltrated
ridges, which for the most part were arranged longi-
tudinally, merged quive suddenly together into a more
or less transverse yellow line, and beyond that line
the cystiec duct showed no trace of lipoid. The
actual line of delimitation seems to vary in position
in different cases. That in Fig.l was situated well
down into the cystic duct itself; in some of the
other cases on the other hand it was in the resgion or
the neck of the gall-bladder, some distance from the
duct.

The lipoid infil.ration is not always so
extensive as seen in Figs, 1 and 2. Instead of
oceurring in linear masses it may be found as small
scattered pin-head nodules, and the distribution,
instead of being generalised, may be patchy, the
patches varying in size down to the most insignificant.

Of the 31 cases of "strawberry" change in
this series only 11 showed an extensive generalised

distribution/
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distribution, the remainder being affected in a patchy
fashion. It is a point of interest that in these
"patchy" cases t.ere is a very definite tendency for
the infiltration to be localised to the proximal end of
the gall-bladder, énd the fundus, on the other hand, is
only rarely affected. Thus, in the 20 cases of this
series, the pateh of infiltration was at the fundus

in only & single instance.

(b) Cholesterol Polypi. In these cases

the lipoid, instead of being scattered diffusely over
the gall-bladderjiaggregated to one, two or more sites.
In this series 9 cases have occurred of this type,

5 of which were also associated with varying degrees
of "strawberry" change. Fig..4 shows a well-marked
specimen of this type, and Fig. 5 shows one which
occurred in an otherwise healthy gall-bladder. These
two are particularly large polypi — the latter one
measured more than half a centimetre in its largest
diameter, but in the remainder of the cases the

polypi have been considerably smeller. Thus, Fig.36
illustrates a case in which a large number of polypi
were scattered in the region of the neck, and in this
case all the polypi were approximately the size of
greins of rice, Usuelly they are seen to be markedly
pedunculated masses which are attached to the under-
lying wall by the finest of filamentous stelks, which
seem barely sufficient to maintain an adequate blood

supply/
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supply to the masses. Less commonly the polypi may
be almost sessile.

The smaller polypi have been yellow in
colour, the large ones greenish or brownish, probably
owing to pigmentation from the bile. The polypi are
not all composed entirely of cholesterol; in some of
the smaller ones especially it has been noted that,in
gddition to the yellow lipoid,part of the mgss has

been occupied by red, fleshy, submucous tissue.

(2) lidleroscopie Appearance.

(a) General Histological Characters. As

will be stated more fully in a later part of this
paper, Cholesterosis of the Gall-bladder occurs most
commonly in associavion with other pathological
lesions, and especially with mild or moderste degrees
of Cholecystitis, Consequently, the histological
appearance is usually complicated by varying degrees
of inflammatory change. There may be an extensive
fibrosis of the wall of the gall-bladder, or a less
chroniec lesion with engorgement of the vessels and some
round-celled infiltration, or, on the other hand, the
inflammatory change msy be extremely slight.

However marked this associated change, how-
ever, certain characteristic featureswill be noted.
The inflammatory changes, however old-standing, have
in all the cases of this series been confined mainly
to the outer coats of the wall, and although some

hyperplasia/
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|
|
| |
hyperplagia of the epithelium has frenuently besn preJ

|
gent, the mucous membrane hse in no ecage shown such 1

marked changes as the outer coats. TFExtensive Scarring
or atrophy of the mucose has never been noted. The |

|
villi have usually been enlarged, elongated, and almoﬁt

|pedunculated. The epithelial layer, which has been

|

'found complete unless eroded by pressure or stones, m
J
[be thrown into numerous folds whieh, in sections, som

31"
times give a fslse impression of glandular acini. Th
stroma of the mucous membrane, by some incorrectly

called the submucous coat, also shares in the hyper-

o SOl e iyl W AR

plasia. The connective tissue cells sre proliferated,

and in addition there is often a mild degree of inf111

|tration with leucocytes. Giant cells of the "foreign'
| ol

|body" type, which oceur around many cholesterol j
| |
iﬂenosits, hawve never been seen in any of the cases of?
;this gseries. A characteristic feature in the stromsa !
Iis the vascular dilatation. The main vessels of the |
gstroma lie immediately superficial to the muscular

coat, and these and the ramifications which ascend

|
to the villi may be greatly congested. |
i

(b) Situstion of the Tipoid. The main masgs

of the lipoid is deposited in the mucous coat, though |

‘occasionally in advanced cases traces masy also be |
[ = N P

|v131ble in the fibromuscular layer. In the mucosa thé
|

deposits may be either in the epithelium or in the
|

|
|stroms. In some/

|
|
1
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some specimens the whole of the lipoid has been in
the one situation, in others in both; sometimes in
the same gall-bladder one portion of the section
showed the epithelial deposit, another that in the
stroma (Fig.6). Moreover, differen. portions of the
epithelial cells or of the stroma may be affected in
different cases,giving rise to variations of
appearance which are not readily expiicable.

(1) The Lipoid in the Epithelial Cells may
be found either superticial .o or deep to the cell
nucleus. O0f these, the latter has been found to be
the more characteristiec. In this basal position tne
lipoid occurs in the form of large globules, one
globule filling the whole of the proximal portion ox
the cell, so that in a stained secvion the adjacent
globules overlap. This deposit is iavariably more
marked towards the tips of the viili, but in well-
marked cases it may also pe found in the epithelium
of the intervening depressions, giving the appearance,
in sections stained with Scharlach R. or Sudan 4, of
e bright scarlet streak running as a margin along the
base of the epithelial layer (Fig.6).

Less commonly the lipoid is placed super-
ficial to the cell nucleus (Fig.7), and in this posi-
tion it differs from the more deeply piraced deposit
both in appearance and in chemical character, Here

it/
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it is in the form of minute droplets which may be
scanty or very numerous. The droplets are always
localised to that part of the cell immedieately super-
ficial to the nucleus, and never approach completely To
its tree surface, & clear zone being invariably present
there,

When the chemical characters oif tne lipoids
are considered, it will pe shown that in the two situa-
tions within the epitheliial cells we have to deal with
substances ol entirely different characters, that in
the basal region resembling .ile lLipoid ol the stroma
in fesponding 10 the ests for cholesterol esters,
wnilst the supranuclear lipoid is more probably or une
nature of an unsaturated fatty acid.

(2) The Lipoid in the Stroms is found in
several types of cell, and in rare cases, though not
in this series, has also been observed as an inter-
cellular deposit. This latter situation is, however,
exceptional, and probably represents merely a late
phase consequent upon disentegration of the lipoid-
bearing cells.

The cells of the stroma which contain lipoid in
greatest abundance are large mononuclears which in
paraffin sections have a striking appearance (Figs. 8,
9,. 10, 11,). They are of large size (25-30 m.},
round, oval, or polygonal in shape, with a smell,

highly/



Ihighly pyknotic nucleus which may be central or dis-
placed to the periphery. The cell protoplasm, from
which the lipoid hes been dissolved, contains numerous
‘minute vacuoles, and its fine, delicate reticulsr
appearance hes been accurately described as "foamy".

These foamy cells are packed together, with
little or no intercellular substance, in rounded
clumps which are especially prominent close to the tips
of the villi, but may also extend down as a leash of
cells through the base of the villi towards the
muscular coat. When present in considerable numbers
they tend by their size to expand the villi into the
broad, almost globular form already described, the
appearance then being very like that of tiny air-
balloons attached to the subjacent wall by delicate
threads of tissue (Fig.8). In frozen sections the
appearance of the foamy cells is equally striking, the
vest amount of lipoid which they contain showing up
brilliantly when stained (Figs.l2, 13, 14).

Such foamy cells are py no means peculiar to
Cholesterosis of the Gell-bladder, but may be associs-
ted with an excess of certain lipoids in many situations
throughout the body, e.g. in arterial atheroma, in the
subeutaneous tissue in Xenthoma, and in the spleen in
certain conditions of lipoidosis. Their origin is
not elearly understood. By some they are believed to

be/
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be fixed cells of endothelial origin, by others,
wandering phagocytes, and it seems likely that they
'may arise from eilther of these sources, Their nature
is best studied in early cases of Cholesterosis, where
the sheer number of the cells does not hide their
origin, They first tend to appear towards the tips

' of the villi, where they may be arranged as rounded
rosettes (Fig.l5), or disposed in linear fashion along
the length of the villi (Fig.6b). In these early
cases they are never related closely to the blood
vessels, but, on the other hand, frecuently lie
directly in the line of the lymphatics.

In addition to the foemy cells, lipoid in
the strome may occur in the following situations:-

(1) In small spindle-shaped or polygonal
cells, in the form of minute droplets. These have
oceurred in several cases of this series,

(2) 1In the endothelium of blood vessels.,
Sueh a situation} which has been noted by BOYD and
others, has only been found in one case of the present
series. The lipoid here, as in the small spindle-
shaped cellsjdiffers chemically from that in the
foamy cells.

(3) In the lumen of blood vessels. BOYD
noted one example in which he believed this to be the
case, and in which the lipoid appeared to be lying in

a/
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a small vessel pof the stroma. Owing to the fact that
the section had been subjected for a short time to a
solvent, the appearance might have been due to dis-
placemént of the lipoid from the tissues, and complete
proof was therefore lacking. More definite is an
observation of BERGERET and DUMONT (5) , Who have
described and illustrated a case in which cells of
typical foamy appearance, containing lipoid, were
found in the lumen of a small venule in the mucosa.
These authors believed that the cells had reacﬁed this
situation by a process of diapedesis.

To recapitulate, it may be stated that the

lipoids of Cholesterosis occur in a variety of situa-
tions in the epithelium or in the stroma of the mucous
membrane. In the present serieg the most frequent
occurrence has been in two situations, namely, in the
basal portions of the-epithelium and in foamy cells in
the stroma. Either of these positions may be affected
alone or in combinstion, and it has been not uncommon
to find different sites of involvement in different

parts of the same specimen.

(e) The Mieroscopic Appearance of Lipoid

Polypi differs from that of "strawberry" change only
in degree. The polypi (Figs. 17, 18, 19) are composed
almost entirely of foamy cells with a scanty covering
of epithelial cells which are frequently lacking in

places.
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IV. NATURE OF THE LIPOIDS DEPOSITED IN THE GALL-
BLADDER WALL.

For a proper review of the nature of the
lipoids present in Cholesterosis of the Gall-bladder
it will be advisable to congider first of all the
types of fatty substances which are met with else-
where throughout the body and to outline briefly the
methods which are in use at the present day for their

recognition.

Classification of the Lipoids.

The term lipoid, proposed by KLETZINSKY (25)
in 1858, is applied to a large number of substances
of widely different chemical composition which have,
however, certain common properties. Thus, they are
all soluble, to a varying extent, in the fat sol-
vents - ether, chloroform, benzine, alcohol, and the
like, and similarly they all respond to certain of
the fat stains, such as Sudan III, Sudan IV. and
Scharlach R.

The lipoids whicech commonly occur in the
human body may be grouped into four different
categories:-

(1) The phosphatids are lipoids charac-
terised by the presence of nitrogen and phosphorus.
They ineclude the monophosphatids or lecithins,
Cephalin and Sphyngomyelin. The members of this

group are found chiefly in the brain, but also to a

great extent in the cortex of the adrenal glands,
and/
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and the form an important constituent of the fatty
substances found in the corpus luteum, ovary, thyroid
- and elsewhere.

(2) The second group comprises substances
containing nitrogen but no phosphorus - the so-called

(lerebrogides.

(3) The third group includes the fatty
pigments or lipochromes. They occur in many situa-
tions throughout the body, but little is known of
their chemieal nature or the rf6le they play in patho-
logical processes.

(4) The fourth group comprises a somewhat
heterogeneous group of substances which contain
neither nitrogen nor phosphorus; it includes

gholesterol, the fatty scids (oleie, palmitie,

stearice), cholesterol esters (combinations of the

fatty acids with cholesterol), and the neutral fats

L or glycerine esters.

It is with the lipoids of this fourth group
that we are particularly concerned, and especially
with two of those mentioned, namely cholesterol and
its ester.

Cholesterol, 027H460' is a cyelic compound

and a secondary alcohol. It was firstisolated (from
(13)
gall-stones) in 1775 by CONRADI and was named

cholesteriny/
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cholesterin by CHEVREUL(ll) in 1815. In virtue of

its character as an alcohol it is now generally known
| a8 Cholesterol, though the older nomenclature is
still often retained.

Cholesterol is s constent constituent, in
minute quantities, of most or all of the cells of the
body, and is present (sometimes in large amount) in
all animal fats and oils, and in the bile, blood,
milk and egg yolk. Physiologically it occurs in
greatest amount in three situations in the body, in
the cells of the adrenal cortex, in the corpus
luteum, and in medullated nerve sheaths. In patho-
logical conditions its occurrence is widespread;
thus it is present in the internal layer of the aorta
in atheroma, in the subcutaneous tissues in xanthoma,
in necrotic, caseating and suppurative foeil, in the
spleen in certain splenomegalies, and in numerous
other sites.

In maeny of these situations cholestercl may
oceur in the vure state, and in some, for instance in
the bile, this is its common condition, but on the
other hand it is present within the tissues far more
commonly in association with other lipoids, such as
lecithin or the fatty acids, or in the form of loose
fatty acid combinations or esters.

When/
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When isolated in the pure state cholesterol

is found to be a white, erystalline substance, which |

i8 chemicelly feirly stable, with & high meliing
point of 148-150°, The erystals oceur in two forms:
in the first, oramhydrice form, the cerystals are of
fine acieular shape snd frequently arranged in charsc+
teristie bristle-brush bundles: in the second form,
in whisch ervstalligetion hasg occurred with one mole-
cule of waster, flat rhombiec plates are seen, which
frenuently have one re-entering sngle.

The ester of cholezterol mey slso occur in
the form of crystals of fine aciculsr shape, which
closely resemble those of pure cholesterol. The two
|can, however, be easily distinguished, for whereas
cholesterol melts at a comparatively high temperature

namely 148-150° €., the crystals of its ester melt at

a considerably lower point, the oleate at 37-42°C.,

the palmitate st 77-78°C., =2nd the steerate at 82“0%15)
In addition to its crystalline forms,

cholesterol ester, especislly when it is associated

with traces of other lipoids, has the property,

poscsessed also by many other lipoids, of assuming the

so-called myelin figures.

In the tissueg the ester of cholesferol
most frequently occurs in s non-crystalline form, as
minute droplets of homogeneous appesrance, dispersed.
sometimes in large numbers, Within the cells. At

other/
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other times, and especially when the deposit is asso-
ciated with a degenerative process, the fine aciculer
crystals may be visible, and these are usually extra-
cellular,

Both Cholesterol and its ester have the
property of anisotropism. That is to say, when they
are viewed by polarised light through erosgsed Nicol's|
prisms, they stand out as masses of a brilliant white
luminous appearance, and when they sare present in
the tissues their appesrance contrasts morkedly with
the darkness in which the surrounding non-refractile
tissues are closked, This property of esnisotropism
is veluahle as a method of distinguishing choles-

terol and its ester from other non-refrsetile lipoids

g8 the fatity acids and neutrsl fats,. and with
the aid of the polarising microscope it is an eas
nettey fo meke this distinection absoclute.

If Cholesterol ester, such as the oleste,

is viewed under the polarising mierozscope,; and the ;
|
|

section heated by means of & hot stage, it melts, as

has heen stated, in the neighbourhood of 37-42° C,

If the heating is applied slowly, at this peint the

ester passes into what is known as the "fluid crystalr

line state". In this condition it has the physiecal |

properties of fluid, but remains anisotropie, and

when/
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when viewed by polerised light it gives the appearance
of brilliant white lialtese crosses on a black back-
ground. This appearance may be maintained until the
itemperature of about 49° ¢, is reached, and at this
point the ester passes into a completely fluid, non-
refractile state, when it becomes completely invisible

under the polariscope.

Stainine Reactions.

Cholesterol and its esters, like other
lipoids, can be stained by many of the so-called fatty
stains, Some of these stains affect equally the
cholesterol products and other types of lipoids;
other stains, on the contrary, give peculiar colour
reactions whiech are of assistance in the recognition
of the particular lipoid involved. Thus, Sudan IIT,
which stains fats with a yellowish brown colour, and
Sudan IV, and Scharlach R., which give a scarlet
reaction, affect fatty acids, neutral fats, choles-
terol and its ester in the same way, though the colour
with the last two lipoids is not usually quite so
brillient as in the case of the first. Other stains,
which give a differential colour reaction, will be
considered separately.

Osmie Acid, 0504, is reduced to 0302 by
neutral fats and fatty acids, and gives rise to a
dense black staining. With Cholesterol and its ester,

on/
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on the other hand, little or no reduction occurs, and
the lipoid remains unstained or at best but a faint

grey.

Nile blue Sulphate has certain colour

reactions which render it valuable in the recognition
of the nature of lipoids. With neutral fats it forms
a light rose-pink colour, and in contradistinction to
this, fatty acids are stained blue, and cholesterol and
its esters violet.

For the detection of cholesterol and its
esters in the tissues BOYD has introduced a micro-
‘chemical test based upon the well-known chémiezl
method of SATKOWSKI. It consists in applying to a
frozen sectionla solution of 5 parts of conc.H,50,
and 1 part of water, and it gives to cholesterol a
light red colour, to its ester a terra-cotta or

henns brown.

From the foregoing review it will be
gathered that we have at our disposal three methods of
investigation by which we may recognise the individual
lipoid substance with which we have to deal:-

(1) Direct microscopical examination of
frozen sections for the crystals of Cholesterol or
its ester, recognissble by their shape and melting
point; _

(2)/
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(2) Examination by polarised light for
anisotropism and for the fluid crystalline phase;

(3) Examination of staining reactions.

The ILipoids in Cholesterosis.

Thanks especially to the work of BOYD, it is
now clearly recognised thet the most important consti-
tuent of the lipoids in the "strawberry" gsll-bladder
is Cholesterol, which BOYD believes to be present in
the form of an ester,. It is not generally recognised,
however, that Cholesterol is by no means the only
lipoid present, and, moreover, tﬁat whereas Cholesterol
is invariably found in certain situations of & "straw-
berry" gall-bladder, e.g. in the foamy cells, in
other gitugtions the lipoid is of a different nature.

In this series frozen sections of the gall-
bladder of 20 of the cases have been examined by some
or all of the methods described above, and the
following conclusions have been arrived at:-

(a) The lipoids in two situations, the
basal portions of the epithelial cells, and the
"foamy" cells of the stroma, give the following
reactions: -

By polarised light anisotropism of & bril-

liant white colour is present. The melting point,

varying in different specimens, is from 37° to

42/
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42* C., and at this point, if the heat is
gradually applied, small and large "lialtese"
crosses appear, later to be lost as heating
proceeds and the lipoid passes into the com-
pletely non-refractile phase.

The staining reactions with Sudan and
Scharlach stains do not differ from those of
other lipoids. Osmic scid, however, gives but g
faint grey stain. Nile blue sulphate stains the
lipoid a bluish violet colour; BOYD's Sulphuric
acid test gives a henna brown reaction,

It is from these reactions that BOYD has

concluded that the cholesterol is in the form of an

ester, but while this conclusion is sufficiently cor-

' rect for ordinary purposes, it should perhaps be

remarked that acquaintance with the behaviour of

- cholesterol in other situastions suggests that probably
| simple mixtures or loose combinations of cholesterol

' and fatty acids are more common than true esters,

(b) The greater part of the lipoid in the

foamy cells was deposited in the form of fine droplets,

which were frequently in large numbers in the cells.

In the epithelium, on the other hand, medium-sized
droplets, and at the bases of the epithelial cells
solitary large globules, were present.

(e)/



(e) Crystals visible umnder the microscope
have been observed in seversl casses in ome situstion
only, nasmely, inside the foany cells. The erystsls

were inverisbly of fine seieulsr shs
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which suggests that erystallisation (if indeed it was

an intra vitsm phenomenon) was perhaps asseciated with

s commencing degenerative change in the psrt furthest
removed from the blood supply. Extracellulsr crystal-
‘lisation was not observed in any of the cases examined—
e fact which may account for the entire absence of
glant cells of the foreign body type.

(&) The lipoid in the supranuclesx portions
of the epithelium, in smell cells in the stroma, and
in the walls of blood vessels (of one case) had an
entirely different character. It was not doubly
refractile, stained intense black with Osmic scid, and
blue with Nile blue, thus corresponding in reaction

with the unsaturated fatty saeids.
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V. CHARACTER OF THE BILE IN CHOLESTEROSIS.

The charecters of the bile are of particu-
lar importance in regard to the hypothesis of the
origin of Cholesterosis which will be advanced in the
latter part of this paper. They have therefore been
the subject of special gtudy in the cases under
review,

In his original paper in 1909 MOYNIHAN noted
that the bile in the gall-bladders which he deseribed
was dark, tarry, and extremely concentrated, and this
 finding has been large confirmed in the present series.
The appearance of the bile in 24 cases is recorded in'
Table I. (see Page 33).

Seven of the 24 specimens of bile examined
were from gall-bladders which presented a well-marked
"strawberry" change. In every case the bile was
dark and "tarry", In six of these cases dilution with
water showed that, apart from its extreme concentra-
tion, the bile was perfectly clear, with no trace of
turbidity. In the seventh case no turbidity was
present, such as might be caused by purulent debris
or Hiliary mud", but the bile contained innumerable
minuate yellow flakes., Microscopic examination of one
of these flskes showed it to be composed of an

amorphous/
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TABLE I.

Character of the Bile in Cholesterosis.

i e

No.of glear Bile T
Cholesterosis Cases fI Dilute |Taryy| Terry ]
¥ with

|
s

baaf B2
(T
o

| &

Cenaralised

nStrawberry " 7 0 6 1 0

Patchy
ng +rawhb [Shai g " 1 5 6 7 G 2

Polypi o J 0 2 0 0
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amorphous, somewhat granular mass with no crystals
visible, but after repested heating and cooling the
crystalline rhombs characteristiec of Cholesterol
appeared. Fifteen of the specimens were from gall-
bladders which showed only patches of "strawberry"
change, and here the appearance of the bile was less
characteristiec. In thirteen the bile was clear,
and of these, seven were concentrated and six dilute
(pale yellowish colour). In the remaining two
turbid bile was present.

Of the two cases in which polypi alone were
present, the bile of each was extremely dark and
tarry.

Discussion in regard to the Naked-Eye Appearance of
the Bile.

T™wo outstanding features of the bile have
been noted in the gall-bladders which show Choles-
terosis, namely (1) that the bile is in almost all
cases free from turbidity, and (2) that it is highly
concentrated in the majority of cases and especially

50 where the degree of Cholesterosis is marked.

The sbsence of turbidity from the great
majority of specimens is a feature of importance in

regard to the Pathogenesis of Cholesterosis, indi-

cating as it does that no gross infeetion of the bile
and no marked degeneration or desquamation of epi-

thelial ceells is present.

The/

S T e, -

|
Ezﬁ

ot

==




The high concentration of the bile is also |

of importance. It is true thet the condition of the

bile in & patient prepared for operation does not

| acearately represent that usually present; when bile

reaches the healthy #Zsll-bladder s rapid concentra-
tion of it takes place by the absorption of water
through the mucous membrane, and in the condition of
modified fasting which usually precedes operation
this concentration is frequently undualy exaggereted;
but compering the series here recorded with the bile
of other patients operated upon under similar con-

ditions, there is no doubt that undue coneentration

of the zall-bladder bile is the rule in Cholesterosis|

Cholesterol Content of the Bile in the Gall-blsdder.

] 3 . ! d 4 18
This estimgtion has been carried out in 51Xi

ca

il

control cases in which mild Choleeystitis, but no
Cholesterosis, was present. The findings are re-
corded in Table IT. (see Page 37). It will be noted
that s very marked deviation from the normal was
found. Whereas the cholesterol content in the three
control cases =versged 329.3 mgms. per cent, in
examples of mild Cholesterosis the average finding
was 503.6 and in the three cases of well-marked

Cholesterosis/

X The method used for estimation of the cholesterol

content of the bile is deseribed in the Appendix
(Page 146),

es of the present series, and in addition in three|
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Cholesterosis it reached the high figure of 969.6.
It is true that the cholesterol content of the gall-
bledder, like its degree of concentration, varies

£y

very muach in health, after varying periods of fastingl
FO%EOJhas collected egtimptes of the normal choles- I
terol content of the bhile, as estimated by different
workers, which range from 160 to 910 mgms , per cent.,
snd although estimations by different methods are notl
| at all comparable, there seems no doubt that a wide
range of reaclings is to be expected in heslth.

In the series reported here, however, it is
helieved that these variations have bheen reduced to
the minimum, TIn all cases the bile was removed at
operation (in some of FOX's it had been obtained by
duodenal tube), and in all céses the duration and
extent of pre-operstive preparation of the patients
was uniform, Moreover, those cases were chosen for
estimation in whiech a corresponding degree of chole»;
eyvetitis was presens, for it was obvious that the bil;
from a grossly diseased gall-bladder in which concen-

tration was inadequately carried on, would give fault¥

readings.

The raised bile cholesterol content will be
|

considered at length in Parts II. end IIT., when it
will be shown that it is of importance from two pointg
of view, namely, firstly, as a factor predisposing to
and mainly responsible for the onset of Cholesterosis)

I

and, secondly, as a fector leading to the formation of
pure cholesterol stones.




TABLE 1II.

Gell-bladder fases Cholesterol Averaces
Content
(mems. %)
controls (Mo )
Cholesterosis) (1) 156
(2) 290 329.3
€3 542
Fatehy
nStrawberry" (1) 466
(2) 445 503.6
(3) 600
Cfeneralised
tStrawberry! (1) 636
(2) 1033 969 .6
(3) | 1240




VI. DISEASES ASSOCIATED WITH CHOLESTREROSIS.

(a) Cholecystitis.

In nearly all the case reports of Choles-
terosis emphasis has been leid upon its associastion
with inflammatory lesions of the gall-blsdder -
cholecystitis ; and so frequent is this association
that the Cholesterosis is regarded by many as merely
one manifestation of Cholecystitis.

It is the writer's opinion, however, that
this view is incorrect, for although it is true that
in the vest number of recorded cases cholecystitis
has coexisted, cases are on recerd in which no trace
of an inflammatory lesion was evident. When, more-
over, it is recalled that the great majority of the
reported ceses of Cholesterosis have been those
observed in gall-bladders removed surgically, it
becomes evident that the predominance of coexisting
inflammatory lesions may be more apparent than real.

GOSSET, LOEWI and MAcROU' 20)have reportea

a case in which m histological examination no evidence

: (34)
of choleeystitis was forthooming, and MENTZER ;

in a large series seen at autopsy, has come to the

conclusion that these are not infrgquent.

In the present series ol cases only one case
has occurred in which higtological examination yielded
no evidence of an inflammatory change. The history

and/



and other clinical features of this csse will be

deserived later (Case No.4. Mrs.i.). Tae gall-
bladder, viewed at operation, spreared to be thin-

walled, of healthy blue-green colour, with no excess
of subserous fat and no trace of psllor. Indeed, so
heelthy did it appear that it was only in view of a
very clearly defined clinical history poinzing to the
biliary tract that cholecystectomy was performed.
Sections of the gall-blaudder, both frozen and paraf-
fined, were prepared (see Figs. 20 and 21), which
show that, although the villi of the mucous memprane
are distended with immense masses of cells containing
lipoid material, tiere is no trace of an inflammatory
reaction, either around the lipoid-containing cells
or in the deeper lgyers of the tissue. The bac-
teriological examination of this specimen also gave
no evidence of an intfecetion, cultures in glucose-
broth from the gall-bladder wall, the bile, and the
cystie lymphstic gland proving sterile.

In all the remaining cases of this series,
however, some degree of cholecystitis coexisted. 1In
some cases the inflammatory lesion was well marked
and of long duration, but in the majority was of mild
degree.

For the purpose of this paper the 35 cases
of the series have been arranged approximately

according /



aceording to the degree or the durstion of chole-
cystitis present.- Seversl classifications of chole-
| eystitis heve been susgested st various times, the
most complete one being that of hacCARTY(ZB), but
none of them sppesrs to be entirely satisfactory. It
hag been considered that for the present purpose the
!most serviceable classification should be as simple
Ias possible and based upon resdily reoogniséble i
'changes in the gsll-bladder wall (see Table TII,

Page 41).

It will be seen from the Table that in the
creat majority of the cases of thig series Soume
I':iegr:z'ee of chroniec cholecystitis has been found. Only
two cases occurred in whieh an acute exacerbation of
a8 chronic inflammation had occurred, and in each of
the two cases both the nsked-eye and the microscopic
appearance strongly suggested that the cholesterol
deposition was of old standing and had long preceded
| the acute exacerbation.

0f the cases which showed 2 chronic inflam-
mation the change was of mild degree in the majority.
Thus, of the total number of 32 cases with minor
change, four showed no definite deviation from the

normal until submitted to microscopic examination,

land/




Relation of Cholesterosis to Choleeystitis,

CHOUIHeY 3 219 8

MChronie Cholecystitis

Type of o, of INone Grade| Crade Grade Grade| Acute
Cholesterosis||Cases (g 12} b 630 (4)
M
Generglised
"Strawberry" i, 1 1 % 4 1 i
1?atohy
"Strawberry" 20 0 E 9 3 6 1
Polypi alone 4 0 ? 2 6] 0] 0
Total Cases %5 1 4 14 q 9 7
Total Cases
with Stomes | 17 |0 0 5 4 6 2
Total Cases
without
stones. 18 1 4 9 3 | 0
|

< i :
One of these also contained polypi.

T-Four of these also contained polypi.

X crede (1) - Microscopic disease only.
" (2) - Gall-bladder slightly opague.
n (2) - Gall-bladder wall moderately thickened.
" (4) - ¢sll-bladder wall grossly thickened.
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and fourteen were of the group in which a slight
opacity of the wall, as seen at operation, was the
only macroscopic evidence of inflammgtion. Moreover),
the cases which showed moderate or marked degrees of
inflammstory change were mainly those in which
caleuli had formed, and if these cases bv excluded,
the predominance of minor degrees of cholecystitis
becomes still more marked, for moderate or gross
infection was present in only four of the eigliteen
cases without calculi.

Experience of these cases has led one to
the belief that Cholesterosis is most commonly found
in gall-bladders which at operation have the following
appearance. At first sight, when the abdomen is
opened and the viscers are inspected, the projecting
fundus of the gall-bladder frequently shows little
abnormality. It is thin, moderately distended, and
of healthy blue-green colour. Further examinstion
of the whole organ reveals, however, that mild
inflammatory changes are present, and these are fre-
quently most merked in the region of the neck of the
gall-bladder, The subserous coat is often infil-
trated with fat, not in marked excess, but a delicate
leash of fat of a deep yellow colour. The gall-
bladder has, moreover, in this region lost its bluish
colour; it is opagque or pale, and to the touch some

slight/



slight thickening of its wall is evident. Not
infrequently also a marked degree of fibrosis of the
liver adjacent to the gall-bladder has been present,
g further evidence of mild cholecystitis. In other
cases, however, more marked degrees of cholecystitis
have been present, and in 7 cases the degree has been|
gross, the gall-bladder thickened by old-standing
fibrous tissue which in one case was half a centi-
metre in depth (see Fig.34). It is remarkable,
though, that in all of these cases the inflammatory
change has been almost entirely confined to the ouver
coats of the wall. The mucous membrane in many:cases
has been found to show some hyperplasia, and in
several a marked degree of round-celled ini'iltration,I
but gross chronic changes, such as scarring or the
mucosa and disappearance of the epithelium, have never

been encountered.

(b) HMelignant Disease of the Gall-Bladder.

BOYD has deseribed and illustrated a case
in which Cholesterosis has been nosed in a case of
carcinome of tvhe gall-bladder. No case of this

lesion has, however, occurred in the presen. series.

(e)/



(e¢) Gall-Stones.

Gall-stones have besn present in 17 of the
35 cases of the scries, and in no fewer than 11 of
these the stones were of the "pure" cholesterol
varieties. The whole question of the relationsiip
between such stones and Cholesuverosis will be dis-
cussed at length in Part III.

(d) Disease in Organs other than the Gall-bladder.

In considering the association ot Choles-
terosis with ovvher diseases it must be remembered
that statisties based upon surgical maverial do not
give an accurate impression or their true incidexnce.
Bearing this in mind, it would appear that in this
series no uandue predominence of any one lesion was
present. Duodenal ulcers coexisved in two cases,
hydronephrosis once, and pronounced visceroptosis
-once. Gross chronic appendicitis was present in two

cases,

VII. BACTERIOLOGY OF CEOLESTEROSIS.

Wherever possible in the cases or this
series a bacterioiogical examinavion has been carried
out of the tissues removed at operation. The mctnod:
oI procedure nas been és follows: - The tissue,
gall-bladder or cystic gland has been received

directly/



directly from the surgeon into a sterile glass dish
end portions have been immediately taken for culture.
In all cases the culture medium used has been 0.2%
Glucose Broth, with the addition, in earlier cases,
of fragments of sterile brain. Table IV.

(P.46) shows the results of this investigation

It will be seen that only & small proportion of the
tissues examined showed any growth on culture, and

that in these cases no characteristic flors occurred.

VIII. CLINICAL FEATURES.

(1) Case Reports.

It will be convenient at this point to
study the case reports of selected cases of the series,
It has already been remarked thet in this series
Cholesterosis of the Gall-bladder has in most cases
been associated with other lesions, Cholecystitis,
Gall-stones, ete., and it will be evident that these
coexisting diseases must considerably complicate the
clinical features of the cases affected. It has
therefore appeared to the writer that a detailed
deseription of the e¢linical features of all these

cases would complicate the issue unnecessarily and

perhaps actually mislead.

Accordingly/
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TABLE 1IV.

Bacteriology of Cholesterosis.

Tigsue No. of |[Sterile|Infected || Strepto~|B.coli Other
. Cases cocel orsanisms
Gall-bladder ;

Wall 22 16 6 3 2 1
Bile 23 19 4 2 3 1
cystie (tland 21 .19 2 1 0 3.
ytone % 2 1 o 0 0
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Accordingly, eight cases have beeﬁ selected
for detailed description, namely those cases of which
a full history was available and which presented no
complicating coexisting lesion other than the

inevitable minor grades of Cholecystitis.
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CASE 1.

Mrs., T. aet.34. Housewife. Multiparous.
Complaint: DPain below the right ribs.

Duration: Two years.

History:

During the past two years patient has been
much troubled with a pain in the right side.
At first it came on in attacks of great severity
which doubled her up and were the worst pains
she has ever experienced. It is much worse than
labour pains. It is felt just below the rib
margin on the right side and passes to the back
to a point Jjust below the angle of the right
scapula, She often has pain also over the
right shoulder which makes her right arm feel
heavy .

Most of the attacks of pain come on during
the day, and they masy last for a few hours or for
two or three days., When the pain is present it
comes on in spasms like colic. Ever since these
attacks began she has hed a constant soreness in
the right side, so that she sometimes cannot
bear to wear tight clothing of any sort. She
says that she is sometimes a little yellow in
colour and she oftenlms a rigor.

Patient has no indigestion and she never
complains of flatulence and can eat any kind of
food. She never obtains any relief from her '
discomfort after a good meal.

Patient vomits when the pain is severe,
and every morning when she rises she feels sick
and nauseated, She often vomits in the morning
when she feels like this, and if she has had
Zupper the night before, she recognises her
supper in the vomited material.

Previous History: !
Slight inflammation in the uterus

nearly three years ago.

Family History:
Husband alive and well. Three of g

family. None dead.
lenstrual History:

Considerable leucorrhoea, otherwise
no abnormality.
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On Exanmination:
Patient appears to be in good health.
There is no definite jaundice.
Teeth: Only a few lower ones remaining,
and these show sSome pyorrhoea.
No upper teeth.
Tongue: Clean.
Abdomen: Normal in appearance, moves freely
on both sides with respiration.
There is a slight degree of cutaneous hyper-
sesthesia above the umbilicus on the right side
but not extending round the chest. There is
some definite rigidity and some tenderness over
the gall-bladder point on the right rectus.
Gall-bladder is not palpable and nothing ab-
normal is felt in the abdomen. There is no
tenderness elsewhere.

Circulatory System: Heart - not enlarged;
both sounds closed.

Respiratory System: Lungs - no cough; exami-
nation of chest shows
no abnormality.

Urinary_ System: Urine - contains some
pus cells. No fre-
queiicy of micturition
or dysuria.

Blood Cholesterol: 294 .6 mgms. per cent.

Cholecystogram: 30.1.28.

Control film: ©No foreignh shadow in gall-
bladder area.

Film after S.T.I.F.P.: Gall-bladder well
outlined.

Film after fat meal: Gall-bladder almost
completely empty.

Stomach; Radiologically normal. Duodenal
cap shows the effects of pressure from
the gall-blasdder on its right margin.

Conclusion: Radiologically normal gall-
bladder.

Operstion: 3.2.28. FProfessor Wilkie.

Stomach, duodenum and .other viscera apreared
healthy. The gall-bladder seemed a little
pale and opaque towards the fundus, and there was
some definite perihepatitis in its neighbourhood.
In view of this and of the definite history the |
gall-bladder was removed. It was found to con-
tain thick tarry bile, no sStones.

The /



The mucosa had the typi¢al appearance of s
"strawberry"™ gall-bladder with deposition of
cholesterol in linear streaks over a red con-
gested mucous membrane, stopping short at a
point proximal to the cystie duct.

) Microscopically there was evidence of g
mild chronic cholecystitis.

CASE 2.

Mrs, T. aet. 45. Housewife. Multiparous.

Complaint: Severe pain under right costal margiﬂ.

History:

Two years ago, whilsd¢ apparently in good
heslth, patient had a sudden attack of severe
pain under the right costal margin which lasted
for three hours and was followed by a soreness
there. BShe had nausea but no vomiting during
this attack. One week later she had a second
attack - not so severe. Since that time she has
had 3 or 4 similar bad attacks, the last being
14 days ago, and this lasted several hours and
was followed by soreness under the right costal
margin which has not quite gone away yet.

During these attacks patient has never been
jaundiced definitely and has never vomited but
always has nausea. Between the attacks she seems
to be quite well - good appretite, not troubled
with flatulemce, Periodically she has a feeling
of fullness after food with sickly sensation.
This has been much worse during the last three

months.

Bowels are usually very constipated;_
oceasionally diarrhoea for a few days. 1f any-
thing, she is gaining weight.

Patient has 8 children. During latter

half of first pregnancy, 26 years ago, She was
jaundiced and had much vomltlng: The child only |
lived 9 days and was also jaundiced.

Menstrual/



CASE/

lienstrual History:
Menstrual periods regular,

Urinary System:
Nothing to note.

Respiratory System:
No cough; no "night swests".

Circulatory System:
Shortness of breath on exertion recently;
no swelling of ankles.
Heart: Sounds closed.
Pulse: Regular in time and forece; good
volume; wall not thickened.

On Exemination:

Patient has a ssllow appearance but shows
no sign of Jjaundice; well nourished.

Remaining teeth good, gums healthy.
Tongue moist but slightly pale and costed.

Abdomen: Wall very fat and atoniec. I!oves

freely on respiration; no ab-

normel swelling visible. No superiicial hyper-
aesthesia, There is an area below the right
costal margin which 1is slightly tender; no
rigidity. Gall-bladder and liver not palpable
below the right costel mgrgin. Spleen and
kidneys not palpable. No splashing in stomach
% hours after meal.

Qperation, 16.6.25. Professor Wilkie.

Gall-bladder small, slightly thick-walled,
with a considerable excess of subserous fat.
No other pathological lesion within the sbdominel
cavity.

The gall-bladder contained clear, dilute
bile, with no stones. The mucosa presented a
small patch-of "strawberry" change in the region
of the neck, and there was a solitary cholesterol
polypus of moderate size at the fundus.

Progress:

Reported three and a half years &after
operation. Symptom free and perfectly well.




(52)

CASE 3.

Mrs. B. aet. 45. Housewife.

Complaint: Attacks of pain in stomach for two
vears - Jjaundice three times!

History:

Two years ago, whilst working in the house,
patient was seized without warning with severe
abdominal pain. The pain was felt most intensely
under the right costal margin, radiating round
the side to the right scapula and across the
abdomen to the left hypochondrium. It came on
suddenly, was colicky in character and passed
away gradually in sbout 24 hours. The pain made
her roll about and perspire profusely. It was
accompanied by nausea, but there was no actual
vomiting. There was no further attack for a
year, and during that interval she felt well.

One year ago she had s similsr attack, in
which the pain was more constant in character
and not so severe. The pain passed off gradually
in about 48 hours. She cannot state as to the |
presence or absence of tenderness. The attack
was accompanied by nsusea but no vomiting. For
a week after that she states she was "yellow",.

In each of the attacks whe was given morphia by
her doctor.

Another similar attack occurred 6 months
ago and was also accompanied by jaundice. Since
the second attack, one year ago, she has not
been in good health. For a few days at a time
she has a dull pain under the right costal mar-
gin which has no relation to food and which dis-
appears for 7-14 days at a time, to return again
without obvious cause. There has also been a
feeltng of discomfort and distension in the epi-
gastrium after food, worse by evening, when she
has to loosen her clothing to get ease. BShe
states that there is no excessive flatulence.
She very seldom eats fats, and there is no
special difficulty with any other kind of food.
She has had no shivering attacks. The bowels
are not constipated. There have been no urinary

symptoms.

Menstrual History:
Regular 7/28 day type; considerable loss.

Previous/



Previous History:
Curettage twice in Ward 35 for menorrhagia.

Family History:
Husband - alive and well.
5 ehildren - 2 of whom were still-born;
1l died aged 7 days. Youngest 14 yesars)|

On Examination:

There is no obesity and patient is not
jaundiced.

Alimentary System:
Teeth: Upper artificial; lower much
decayed.
Abdomen: Well covered; no localised
swelling. On palpation, there
is slight rigidity of the upper half of the
right rectus muscle and definite tenderness over
e point 1%" below the right costal margin at the
lateral edge of the right rectus, also over sa
point 1" to the right of and below the umbilicus.
There is also less marked, diffuse tenderness
over the right hypochondrium. The gall-bladder
is not palpable. The liver and spleen are not
enlarged.

Circulastory System: Heart not enlarged;
sounds closed in all areas, regular.

Respiratory System: DNo symptoms; no
abnormal signs at the right base or else-
where.

Urine: S.G. 10lu., Acid. No abnormsl
constituents. ¢

Cholecystogram: Dense shadow of gall-

bladder present, which appeared in every
respect normal,

Operation: 25.5.26. Professor Wilkie.

Stomseh, duodenum, appendix and other vis-
cera appeared normal. Gall-bladder showed
little pathological to the naked eye. It con-
tained clear bile, and the common duct, which
was carefully examined, seemed healthy. The
gall-bladder conteined no stones. The mucosa

appeared/
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appeared somewhat engorged and presenved a
single ciiolesterol polyp, the size of a millet
seed, situated close to the fundus, WMiecros-
copically, marked hyperplasia of the mucous
membrane was visible, and a round-celied infil-
tration of the deeper coats was present. The
polypus consisted almost entirely or lurge
"foamy" cells, mainly unprotected by epithelium
(Fig.17 ).

Progress:
Reported 2% years afver operation. Has

had no recurrence oif sScvere pain or jJjaundice,
but has an occasional ache in the rezion of the
wound. Appetite good, but is unable to eat
eggs or most fatty foods.

CASE 4.

Mrs, M. aet. 54. Housewife.

Complaint: Flatulent distension with eructa-
tions. Periodic vomiting. Jaundice on one
oceasion. Dull ache situated just below
the right costal mergin. Loss ol appetite.
Slight pain in right loin.

History: i
In 1919, after prolonged medical reavmenv,

perforation of a duodenal ulcer occurred; laparo-
tomy was performed and the perioration closed.
Thereafter, for two years, the putient enjoyed
good health.

S

Barly in 1y21 she began to suifer from
more or less continuous indigestion. After
meals, and especially after tea, she had the
sensation "as if sne had eaten too much", and
would feel distended and have to loosen her
clothes. Frequently relief would be obtained by

bringing up wind.

In October 1921 she had a sudqen attack of
agonising pain across tae epigas;rlum, shooting_
up to the left shoulder. The pain lasted several
hours and necessitated an injection oi morpnia.

Three/



Three days later she was definitely jaundiced
and remained so for about a week.

Since that attack the patient had had
several short spasms of similar, very acute pain
in the right hypochondrium, occurring at inver- |
vals of 2 to § months. The pain was ususlly
followed by the vomiting of deeply bile-stained
fluid.

Patient stated that for years previous to
admission (in March 1928) she was rarely iree
from a dull ache in the right hypochondrium
immediately below the costal margin. She was
rarely able to take a good meal, and starchy or
fatty foods disagreed with her.

On Examinetion:

Temperature subnormal. Pulse 8C. Respira-
tions 20.

Patient is of the pasty, fat, soft type.
No sign of ansemia. No jeaundice present.

Muscular development fair but muscles are
of poor tone.

Eyes: sight good - pupils react to light
and accomodation.

Teeth: edentulous.

Tongue: moist, shows a patchy grey fur.

No deformities., Cervieal, inguinal and
axillary glends show no enlargement.

Abdomen: Striae present. Right paramesian |
incision scar below the umbilicus. Moves freely
with respiration. Superficial and deep hyper-
sesthesia present in right half of abdomen,
except in lower iliac region. Rigidity and
definite tenderness throughout right half of
abdomen above the level of the umbilicus.

Maximum point of tenderness not very definite.
No tumour mass palpable. No abnormal dulness.
Liver and spleen not enlarged. No splashing .

elicited.

Urinary System: There is tenderness oVer
middle portion of right kidney. The renal organ
cen be palpated but does not appear to be unduly

mobile nor enlarged. e
Urine: S.G. 1020. Acid. No abnormal findings.

Cardio-/



Cardio-vascular System:

Pulse: 60, regulaer in time and force; systolic
pressure is raised; vessel wall not appreci-
2bly thickened.

Heart: not enlarged; all sounds pure; no
accentuations.

Respiratory System:

Lungs: both diaphragms move equally pos-
teriorly; no abnormal dulness;: breathing
vesicular, no accompaniments; vocal
resonance unaltered.

N.B. DNo crepitations heard at right base.

Blood Cholesterol: 209.6 mgms. per cent.

Cholecystogram:

Control film: ©No foreign shadow in gall-
bladder area.

After S.T.I.P.P. Gall-bladder well outlined.
No negative shadows,.

After fatty mesl: Gall-bladder shadow greatly
reduced in size.

Barium Meal: shows a posterior gastro-
enterostomy. Food was leaving rapidly
through the stoma. No food was leaving by
pylorus but there was marked tenderness of
the cap area.

After 6 hours: small residue distal to stoma.l
Head of meal in descending colon. '

After 24 hours: meal almost entirely evacuated.
Residue in caecum.

Operation: 6.4.28. Professor Wilkie.

The small scar of the previous duodenal
uleer was found, and there were widespread
adhesions throughout the peritoneal cavity, the
result of the previous perforation. The gall-
bladder presented little abnormality to the
naked eye, but in view of the clear history it
was decided to remove it. The common duct, which
was closely inspected, appeared normal.

The gall-bladder contained clear concentrated
bile. No stones were present, but floating in
the bile were numerous minute buttery masses
(the size of pin-heads) of cholesterol. The |
mucosa presented a typical "strawberry'" appearance.

Mieroscopic/
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liieroscopie sections showed complete absence of
signs of inflemmation (Fig.20).

‘Bacteriological examination:
Cultures from wall, bile and cystic gland
proved sterile,

Progress:
Five months after operction the patient

reported, complaining of pain in the left
lumbar region, and pyelography showed a mild
degree of hydronephrosis on this side. The
patient affirmed that since the operation she
had had complete cessation of the right-sided
symptoms.

CASE 5.

Robert M. aet. 28. ILabourer.

Complaint: Heartburn aend waterbrash.
Pain in umbilical region.

History:

In the summer of 1921 the patient had his
first attack of indigestion, which began with a
burning sensation in the region of the naveil,
accompanied by heartburn and waterbrash. These
symptoms continued for the best part of a week.
There was no vomiting, and jaundice did not
follow. Ie was able to carry on work throughout
this first attack.

Since 1921 the patient has had similar
attacks of indigestion, lasting two to three
months and cceurring once or twice a year.
Diring these periods of indigestion heartburn is
8 constant trouble to him, and a beating sensa-
tion in the epigastrium continues much of the
day and most of the night. Regularly one hour
a.ter food & dull pein starts in the umbilieal
region and usually continues until food is taken,
remaining, however, in the same spot. Vomiting
is not associated with these periods of indiges-
tion, but he brings up repeatedly mouthfuls of
hot, aecid fluid.

Since/



—_—
W1

@ )
—

: Since January 1926 the symptoms of heart-
burn, waterbrash and abdominal pain arter food
have been continuous instead of periodic as
previously.

In February 1928 the patient was admitted
t0 Kirkcaldy Hospital and had a barium series of
X-rays taken. A diagnosis of chronie sppendici-
tis was made and operation carried out. He was
discharged "cured", with the wound dry, at the
end of 11 days. For six weeks afterwasrds he
was free of indigestion. Following the opera-
tion he was Jjaundiced for seven days.

For the past 18 months the patient has been
leading a life somewhat as follows:- Wakes with
umbilical pain at 7.30 a.m. This continues
until breakfast is taken at 8.30 a.m. Pain then
passes off, to return about 10.30 a.m.,and
again continues till dinner time, uniess soda or
prescribed powders containing alkalies, ineluding
bismuth, are taken. Dinner at 12.30 - free of
pain till 2 p.m. Pain then remains till 5 p.m.,
unless food is taken. From & p.m. till 7.30 '
a.m. patient is conseious of umbilical pain or a
throbbing sensation in the upper abdomen. For
many months he has been kept awake by the
sbdominal pain.

Patient's appetite is very poor. There is
a marked tendency to constipation, requiring
daily medicine, Habits temperate. During the
war he smoked 30-40 cigarettes a day. Recently
he has almost stopped smoking entirely.

Previousg History:

Very healthy subject. J

In 1917, accident at sea whilst in a mine
layer - nearly drowned, in water for many hours;
unconsecious for a short periocd. A red rash came
out in the skin and remsined for three months,
Was treated by arsenic by the mouth for several
weeks,

Troubled with teeth during the war - two
extracted.

February 1928 - appendicectomy.

On Examingtion: . -
Temperature 97.2°, Pulse 88, Respirations 20.

Patient is only fairly well nourished.
Mascular development is good. No deformities,
no morbid appearances. JSkin loose and lax.

Subcutaneous/
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Subcutaneous fat sparse. Mucous membranes of
good colour., Small areas of psoriasis are pre-
sent over both shins and extensor aspects of
both elbows,

Pupils: equal and react to light and
accomodation.

Teeth: several carious in upper jaw with
some slight pyorrhoea around them. Lower teeth
and gums healthy but several asre absent.

Tongue: moist but slightly furred.

Abdomen: liovements free and symmetrical.
Superficial hyperaesthesia well demonstrated
over bands on either side corresponding to the
distribution of the 8th intercostal nerves. No
rigidity. Tenderness definitely elicited over a
strictly localised area %" cranial and medisl
to the umbilicus. Liver and spleen not
enlarged. No tumour mass felt. DNo sign of free
fluid.

Respiratory System: Lungs resonant through-
out; vesicular respiration in sll areas; no
accompaniments; vocal resonance and vocal
fremitus unchanged.

Cardio-vascular System:
Pulse reguler in time and force, expansion
good; vessel not thickened nor tortuous.
Heart not enlarged; sounds closed; no
accentuations.

Urinery System: No costovertebral nor supra-
pubic tenderness,
Urine: free of albumin and sugar.

Blood Cholesterol: 160 mgms. per cent.

Test Meal: (3.6.28)

Free Hel. Nil
Total acidity ' 14 )
Benzidine Negative.

Barium Series. (6.8.28) :
Radiologically normael stomach., Duodenal

cap regular in all positions. No tenderness on
palpation.

After/
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After 6 hours: Hinute gastriec residue.
Head of meal in transverse colon.

After 24 hours: Head of meal in sigmoid.

Conclusion: No lesion found.

3

Operation. 14.8,28. Professor Wilkie,

In spite of definite duodenal ulcer
symptoms, pre-operative diagnosis was in favour of
pylorospasm rather than ulcer., X-rays tended to
confirm this.

Right paramesial inecision, splitting
right rectus in its medisl third. No duodenal
nor gastric ulcer (appendix previously removed).
Slight perihepatitis over right lobe. Gall-
bladder somewhat oedematous and thickened. Cystie
gland definitely enlarged. In view of symptoms,
gall-bladder appearances and enlargedccystiec
gland, it was determined to do a cholecystectomy.
This wes carried out in the usual way. An
abnormal antero-inferior relation of the cystic
artery was very clearly seen, also a very large,
clearly defined right hepatic duct. The cystiec
glend was abnormal in position, being much lower
down near the junction of the cystic and common
ducts; this gland was considerably enlarged and
was removed for culture.

After ligation of eystic artery and
duct the gall-bladder was removed from its neck
towards the fundus. 'One fine catgut suture was
inserted in the liver to enfold the gall-bladder
bed. Usual cigarette drain and closure in layers.

The gell-bladder contained clear, con-
centrated bile and no stones. The mucosa
presented a slight degree of "strawberry" change,
most marked over the neck of the gall-bladder,

Microscopically there was evidence of
mild cholecystitis. In addition there were
numerous large masses of foamy cells containing
anisotropie lipoids. These cells were situated
in the stroma of the mucous meubrane and es-
pecially in the projecting villi. There was no
1lipoid deposition in the epithelium.

Progress: Patient reported itwo months after
operation, symptom free and perfectly well.




CASE 6.

Mrs. i aet. 44, Housewife,

Complaint: Flatulent distension with eructations.
Slight abdominal pains.

History:

Since before the war patient had been
troubled with "wind". Any time during night or
day a feeling of acute distension would come over
her and she would feel tight around the abdomen.
After some time she would usually be able to
eructate, this giving some relief; rarely did
she pass flatus per rectum, This periodic dis-
tension had no relation to the taking of food,
and might come on during s meal, through the
night or after food.

Patient has never had any acute abdominal
pain, but since iiay 1928 she has been subject
to a rheumatic-like aching in the righg shoulder
blade periodically. During the past month she
has been conscious of a gnawing sensation two or
three times a day in the right hypochondrium, and
in lMay 1928 for three weeks this area was tender
to touch.

There has been no voniting, jaundice nor
marked constipation, although she has had to take
medicine now and agein. IHer appetite has always
been quite good and she does not find that any
particular food other than cheese aggravates her
symptoms.

Previous History:
Nothing to note.

Family History:
One boy aged 3 years.
One girl aged 7 years.
One miscarriage (3 months) in 1920.

On Examination: ; \
Pulse 68. . Temperature 97.4. Respiration 20.

Patient is pale, soft, rather flabby, but
moderately nourished. Very slightly syanosed.
Mucous membranes 8ll pale.

Pupils/
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Pupils: equal and react to light and accomo-
dation. Can only read with very strong
glasses; sees movements with both eyes wigh-
out glagses but cannot count fingers.

Teeth: upper artificial; 6 teeth in lower jaw,

2 carious with pyorrhoea around them.
Tongue: moist and clean; protruded symmetrically,

Abdomen: rather protuberant; no hyperaesthesisa
nor rigidity. An indefinite, small, slightly
tender mass can be felt protruding from below
the right costal margin, opposite the 9th
costal cartilage. This is dull on percussion.
Liver and spleen not enlarged. No splashing.
No signs of free fluid.

Cardio-vasecular System:
Heart: not enlarged; sounds faint but closed;
no accentuations.
Pulse: regular in time and force; poor expan-
sion; vessels not thickened nor tortuous.

Respiratory System: No abnormality.

Uringry System: No costovertebral nor supra-
pubiec tenderness.
Urine: free of albumin and sugar.

Blood Cholesterol: 160 mgms. per cent.

Cholecystogram: (26.7.28)
Gall-bladder outlined.

After barium, (Sereen) No barium could be
palpated beyond the distal end of the
pyloric canal, suggesting pylorospasm. 3By
the time a film was taken, however, bariun
had entered the cap, whicH on the single film
looks irregular. The "dye"-filled gall-
bladder is seen and not related to the
stomach.,

After fatty meal. This film was taken about
2% hours after barium drink. The gall-
bladder is still outlined and there is a
large amount of barium still in the stomach.

Conclusions: (1) The gall-bladder has not
emptied after fatty meal. (2) There is a
sucgestion of stasis in the stomach.

QOperation/



(63)

Operation: (2,8.28) Professor Wilkie.

Kocher ineision. Liver healthy. Gall-
bladder slightly opaque, fat laden and thickened.
Common duct normal; pancreas normal. No evidence
of ulcer in stomach or duodenum.

Appendix slightly thickened in its distal
half; it was removed. Pelvie organs normal.

The gall-bladder was removed after dividing
cystic duct and vessels. Cystic gland kept for
culture. Cigarette drain. Wound closed in
layers.

The gall-bladder was fat-laden and some-
what opaque. It contained clear concentrated
~ bile and no stones. To the naked eye a mild
degree of generalised "strawberry" change was
aprarent, most marked in the region of the
neck of the gall-bladder,

Microscopieally, there was & moderate .
degree of chronic cholecystitis, with '
fibrous replacement of the muscle and some
increase in the thickness of the subserous
coat, The lipoid was situated in foamy cells
in the stroma and also to a less extent in the
bases of the epithelial cells.

ASE -

Mrs,. O, aet. 41, Housewife.

Complaint: Flatulent distension and a feeling
of nausea after food.

History: -
For at least 18 months the patient has

noticed that after meals her ablomen became very
swollen. This symptom would bother her perhaps

3 times daily for 7-10 days and then not recur
for 5 weeks. During these periods of indigestion,
after/
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after the taking of a meal, she may feel in-
tensely sick and verhaps vomit. If she has been
very distended for an hour or two an indefinite
ache may set in under the right custal margin,
but this never amounts to true pain. Owing to
these attacks she has had to stop wearing corsets
on account of the tight feeling produced by them.
Usually she gets relief from the flatulence by
massage of the abdomen and repeated eructations
follow. Jaundice has never been noticed. She
does not suffer from heartburn or waterbrash,.

Previous History:

No accidents; no disorder of micturition.
1912. One year after marriage, owing to
dysmenorrhoea following a miscarriage (3 months)|,

dilatation and curettage.
1917, Right oophorectomy.
1922. Acute rheumgtism, in bed for 3 weeks.

lMenstrual History:

Menarche 12; type 2-%3/28; regular until
marriage; after msrriage the intermenstrual
period varied from 6 weeks to 2 months. Before
1917 considerable dysmenorrhoea for first day;
gsince operavion she has had no pain. Loss has
never been marked; no intermenstrual discharge.
Last mentrual period - 3 months ago. The mens-
truation previous to that occurred 24 months ago.

On Examination: ] )
Temperature 98. Pulse 78. Respiration 24.

Rather stout, well developed female. No
morbid appearances. Marked anterior convex
deformity of both tibia. Mucous membranes rather
pale. DNo Jjaundice.

Eyes: pupils equal and react to light and
accomodation.

Teeth: all false.

Tongue: moist and clean.

Abdomen: midline suprepubic incision sScar.
Movements free and symmetrical; no hyperaes-
thesia nor rigidity; tenderness present over
the medial half of the upper third of thg rignt
rectus. No tumour mass felt. No splashing two
hours after s meal. Liver and spleen not en-

larged.
Cardio-/



Cardio-vascular System:

Pulse: regular in time and fource;
expansion only fair; vessel not thickened nor
tortuous,

Heart: no enlargemenc. Loud systolic
murmur replaces the whole of tine first sounda in
the mitral area and is well cunducted invo the
axilla; second pulmonary slightly accentuated;
remaining sounds closed.

Lungs: no abnorma. findings.
Urinary System: no costo-vertebral nor

suprapubic tenderness.
Urine - free oif albumin and sugar.

Blood Cholesterol: 330 mgms. per cent.
Cholecystogram: (23.8.28)

(1) Control Film: no foreign snadow in
gall-bludder area.

(2) ZFilm after S.T.I.P.P: gall-bladder
densely outlined.

(3) After Barium: Stomach - no radiologi-
cael abnormality; cap small and doubt-
ful but not tender. Gall-bladder
visualised.

(4) After fat meal: Opacity of gell-
bladder much diminished.

Conclusion: Radiologically normal gall-
bladder,

Operation: (27.8.28) Professor Wilkie.

Koeher incision. No perihepatitis. Gall-
bladder rather opaque and definite thickening
couldbe felt at the neck. The gall-bladder
emptied satisfactorily. Cystic gland just pal-
pable; no stones present. Duets patent. Ko
duodenal or gastrie ulcer. Right ovary absent;
uterus and left appendages normal.

The appendix, which showed no definite
signs of diseese, was removed and the stump

invaginated.

It was decided to do a cholecystectomy,
which was carried out in the usual way from neck
to fundus after ligation of the cystic duct and
artery. The cystic gland was removed for bac-
teriological examination. Abdomen closed in
layers.

The/
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The gall-bladder was opaque and thick-
walled, It contained clear, very concentrated
bile, no stones. The mucosa presented s well-
marked degree of "strawberry" change, with
innumerable tiny seedlets of lipoid in a rather
congested wall, The cholesterol infiltration
weas absent from the eystic duct and from an area
one inch in diameter at the fundus. In this
area the mucosa was more inflemed then elsewhere,
and was somewhat scarred. In addition to the
diffuse cholesterosis, a single large peduncu-
lated cholesterol polypus was present.(see Fig.4)

Progress:
Patient reported two months after operation,
symptom-free and perfectly well,.

Mrs. H. aet. 31. Housewife.

History:

During the last two months of the last
three pregnancies she had had pain in the left
hip, with stiffness of the hip-joint and shoot-
ing pains down the leg. During the last preg-
naney, which terminated 7 weeks before admission,
the lameness was much worse, It continued after
delivery, though with slight improvement during
the three weeks before admission. The patient
had also had occasional heartburn during her
last pregnancy, associated with some flatulence.

The hip-joint condition was considered to
be the result of a toxaemia from some focal
infection, and the patient was examined snd
treated from this point of view.

Two years before, for a period of 3 weeks.
the patient had an attack of "biliousness", with
loss of appetite and occasional voniting, but. :
apart from this, careful questioning could eliecift
no symptoms referable to the biliary tract.

On Examinstion:

Gross inflammatory enlargement of the .
tonsils was found, and there was s considerable |
degree of pyorrhoes.

The/
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The abdomen showed no hype raesthesia, but
there was definite tenderness on pressure over
the gall-bladder, with a considerable degree of
guarding of the muscles over this region.

Blood Cholesterol: 196.2 megms. per cent.

Cholecystogram;
Dense shadow of the -all-bladder obtained
which appeared in all respects 'hormal™, '

The tonsils and teeth were first dealt
with, and a2t a later date the abdomen was
explored.

Qperation:

The gall-bladder was thin-walled and of
normal blue-gree colour. Shining through it,
against the background of the bile, could be
seen the faint streaky lines of cholesterol
infiltration. No other intrea-abdominsl lesion
could be demonstrated.

The gall-bladder contained clear, very
concentrated bile. No stones. The muccsa
showed a well-marked degree of cholesterosis -

a typical "strawberry'" gall-bladder & the lipoid
extending over the whole organ with the exXxcep-
tion of the eystie duct. '

Mierescopically, definite evidence of an
inflammatory lesion of the gall-bladder was
evident. The vessels of the stroma were
markedly congested, there was a mild infiltra-
tion of the stroma and muscularis with round
cells, and a slight degree of fibroblastie
reaction.

Progress:
Patient reported seven months after opera-

tion, when she felt perfectly well, with no

abdominal symptoms, good appetite, gnd Bo -
indigestion. No pain or stiffness in the hip.



(?2) ZFreguency of Cholesterosis.

Twenty-one of the gall-bladders of this
series have been received in the course of twelve
months, during which period the wholé number of gall-
bladders examined totalled exactly one hundred.

It would appear, therefore, that in surgical prasctice
Cholesterosis of the Gall-bladder is a lesion of dis-
tinetly frequent occurrence. The fact that such s
frequeney is not generally recognised may be attri-
buted to two fectors: (1) Unless the gall-bladder

is examined in the fresh state within a short time
after removal, the erosive action of the bile may dis-
colour the wall and mask a minor degree of Cholesterods:
(2) Cholesterosis is mogt fresuently associated with |
mild degrees of Cholecystitié and is not commonly |
found in gell-bladders which show gross thickening and
fibrosis. I1ts occurrence tends therefore to be
greatest in the practice of those surgeons who parti-
cularly favour the operation of cholecystectomy for
mild cholecystitis.

It is interesting to note that other
observers on the look-out for Cholesterosis report a
similer or greater frequency in their cases. Thus
LECENE and MOTONGUET ' 20 found typical Cholesterosis
in 15 of 84 cases, and MENTZER ‘237, in an autopsy

series of 633 cases, noted it in 34.7 per cent.

(3)/



(3) Incidence.

(&) Bex. The great majority of the cases
occurred in women, but when the actual numbers are
taken in conjunction with the total number of the two
series operated upon, the disparity between the
incidence is negligible.

Thus, during twelve months, 4 (or 20%) of
20 gall—bladders from men showed Cholesterosis, as
compared with 17 (oxr 21.5%) of 80 from women. It is
rightly arguable that these figures, based upon surgi-
- cal cases alone, may not represent the true incidence,
and it is therefore of interest to know that a

similar egquality in regard to the sexes was noted by

MENTZER (33) in an autopsy series.

(b) Age. 1In this series the youngest
patient was 28, the eldest 60, and the great majority

exceeded 45 years.,

(c¢) Social State. Remarkable similarity

has been noted in the incidence of the disease in
hospital and in private cases. Cholesterosis
oceurred in 12 (or 21%) of 57 consecutive cholecys-
tectomies in hospital, as compared with 9 (or 20.9%)

of 43 private cases.
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(4) Symptomatology .

It has been one's object in considering the
clinical features of Cholesterosis of the Gall-
bladder to endeavour to discriminate between those
symptoms end clinical signs which may be due to the
Cholesterosis per se and those attributable to accom-
panying lesions of the gall-bladder or of other organs,
and, although this diserimination has often proved
difficult or impossible, in favourable cases it has
been possible to obtain relstively reliable data.

From these, it appears that in regard to
clinical features the cases may be divided into
three distinct groups, (1) those with severe sym-
toms, (2) those with mild symptoms, (3) symptomless
cases.

(1) Cases with severe symptoms. Four such

cases have occurred in this series. All of them have
been already described in full (Cazses 1 to 4). It
will be observed that all those patients complained

of attacks of pain, which appear to have been

intense, so that one patient volunteered that it was
worse than childbirth, and another stated that it made
her roll about and perspire freely. The pain in sll
these cases closely resembled that of biliary colie,
striking the patient in the right hypochondriae
region snd radiating to the scapula or to one or

other shoulder and necessitating the administration

of morphisa.



In two cases an attack of pain was followed
by definite jaundice of several days' duration.

In the intervals between attacks these
petients complained of symptoms like those of chronic
cholecystitis, aching pain in the hypochondrium,
soreness of the skin in this region, flatulence or
abdominal distension.

In spite of these clearly defined histories
of attacks of severe pasin, the gall-bladder in these
four cases showed extremely little change except for
the gross deposits of cholesterol. No stones were
present, and the degree of cholecystitis was very
limited. 1In one case there was absolutely no histo-
logical brace of an inflammatory lesion; in a second
suech evidence was only obtained on microscopical
examination, and in the remaining twe the cholecys-
titis was of very mild degree. Yet in all these
cases the absence of any other gross intra-abdominal
lesion and the curative effect of cholecystectomy
indicated that the symptoms hed originated in the

biliary condition.

(2) Cases with mild symptoms. Three of

the cases of this type have been described in full
(Cases 5, 6 and 7). Their symptoms, briefly, were

those of "indigestion". In the first case (No.5) the

symptoms/



symptoms closely simulated those of duodenal alecer,
with "hunger pain" relieved by food and by alkalies,
and, occurring as they did in a man aged 28 and of
rather less than average weight, they in no way sug-
gest & bilisry lesion, and only & "normal" rzdio-
grephic examination prevented a confident diagnosis
of peptice ulceration.

Tire second and third cases of this group
(Nos. 6 and 7) are typical of a large number of the
cases of the series. The indigestion complained of
was of the type generaslly associated with chroniec
cholecystitis, . and as there was a fair degree of
thié.condition present in each case it seems likely
that this, and not the Cholesterosis, was responsible

for the symptoms.

(3) Only one case (No.8) of the fourth
group ("Symptomless" Gases) occurred, as one would
expect in & series culled from a surgicai theatre,
but it is of particular interest in two respects:

(a) It is probably representative of a
large class, unrecognisable surgically and only found
at autopsy if specially sought for;

(b) 1In spite of the lack of symptoms, the
gall-bladder, when examined microscopically, showed
unmistakeable evidence of recent mild inflammatory

change in addition to widesmread cholesterol infiltra-

tions. I

Discussion/
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Discussion of Symptomstology.

The symptoms presented by these patients
possess several points of clinical and pathologieal
interest.

In regard to Group (1), the main difficulty
is to reconcile a history of severe colicky pains, in
two cases followed by jaundice, with an apparently
innocuous deposit in the gall-bladder wall. Biliary
colic accompanied by Jjaundice ig usually regarded es
indicating an obstructive or gross inflammatory lesion
in the ducts or at the neck of the gall-bladder, yet
in the cases under review, although careful insPectioﬁ
of the bile ducts was carried out, no evidence of such
8 lesion was obtained, and, moreover, the spparent
cures after cholecystectomy indicate that the causa-
tive lesion was centred in the gall-bladder. Three
possible reasons for the severe pains in these cases
present themselves: (&) Transient attacks of chole-
cystitis, which had completely subsided by the time
of operation. In view, however, of present-day con-
ceptions that cholecystitis invariably leaves behind
it some greatsr or less degree of change, this view
seems inadmissable. (b) Transient attacks of
Catarrhal Hepstitis or Cholangitis. The abseunce of 1
fever, the severity of the pain, and the relatively
infrequent occurrence of jaundice prevent the accep-
tance of this view. (c) Passage of cholesterol

crystals/
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| crystals. In the writer's opinion this seems the |

a L , g ,
lest unlikely hypothesis. The passage of erystalline

| substances down the relatively wide and well-protected

ureter is well recognised to cause attacks of
agonising pain, and it may quite well be that a [
|
similar condition exists in the biliary tract, though)
|

it must be recognised that cholesterol crystals are

frequently found in the bile in symptomiess cases

Cases of Group (1) are probably inrrequent;
|
when the symptoms in Cholesterosis can be clearly ‘

discriminated from those of gall-stones, they most |

often resemble tne features or chronic cholecystitis,
|

Symptomiess cases are probably the most irequent ox

all.

(5) (Clinical 3igns.

As the case reports indicate, the clinicali

signs give no help in the diagnosis of Cholesterosis.

The general appearance of the patients has been in |
|
|

no way dissimilar from that usually associated with
gall-bladder disease, and the patients have been ‘

mostly, though not all, well nourished or stout. i

Local signs have been merely those of chronic .

Choleecystitis.
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(6) Special Diagnostic ileasures adopted.

In an endeavour to discover some clinical
feature charscteristic of Cholesterosis and of value
as a diagnostic measure, two methods of examination
have been investigeted in a number of cases, namely,
Cholecystography and the estimation of the cholesterol
'content of the blood, these being two of the measures
adopted as a routine in cases to be submitted to

operations on the uppsr abdomen.

cy”
els

(a) Cholestography It would be superfluous

here to detail the full history of the discovery of
the method now known as "Cholecystography", and it
will be enough to summarise briefly the value of the |
method and the information which it mey be expected

to furnish. Escentially, Cholecystography consists

in the administration of a substance which is
excreted by the biliary passages and which, when suf-
ficiently concentrated by absorption of water from
the bile in the gall-bladder, is rendered sufficiently
ovaque to X-rays to give a visible shadow of the gall-
bladder. A "normal" gall-bladder shadow therefore
postulutes three processes: (a) exeretion of the
Isubstance in sufficient amount from the liver; (b)
access to the gall-bladder via the cystic duct, and
(¢) adequate concentration of the substance by the
absorption of water from the bile.

E./
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(21)
E.A., GRAHAM, who introduced the method of

Cholecystography, has shown that no fewer than 13
substances fulfil these desiderata, but various dis-
advantages, such as undue toxieity, reduce the
number of any value to 4, and only two are now in
general use, namely, sodium tetra-iodo-phenol-
phthalein and its isomer, sodium phenol-tetra-iodo-
phthalein.

Two general methods of administration are
in common use, thne oral and the intravenous. While
various disadvantages are attributed to either, it is
generally admitted that the intravenous route is more
certain of giving accurate results.

The method of examination whieh has been

employed in the cases described here is as follows: -

Before administration of the dye, a pre-
liminary radiogram is taken, for comparison and to
disceriminate between shadows previously present and
those due to the dye. The dye (sodium tetra-iodo-
phenol-phthalein) has been administered intravenously
in the evening, after preliminary preparation directed
to the bowels. On the next morning, 12 to 16 hours
after the injection, an X-ray plate hasibeen taken.
At this period the healthy gall-bladder should be
clearly outlined by the dye and should be of

moderately large size, owing to the previous fasting

condition/
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condition of the patient. Immediately after this
X-ray, in many cases a Barium Meal examinuation has
been carried out, to demonstrate the precise relation-
ship of the stomach and duodenum with the gall-
blsdder.

. Then follows wnat is frequently the most
important §art of the examingtion. A meal is ad-
ministered composed largely of fat and including the
whole of an egg-yolk, and, two or three hoﬁrs later, |
a last X-ray plate is tsken. BOYDEN. and WHITAKER'7)
have shown that such & meal causes the gall-bladder
to empty itself of bile, so that in the course of g
few hours the shadow of the dye, previously large and
lax, becomes greatly reduced in size. This emptying
has been shown to be due to an intrinsie muscular
contraction on the part of the gall-bladder, and
the "emptying test" is therefore a criterion of tnis
property.

Findings in Cholesterosis. 17 cases of

Cholesterosis have been examined by the method de-
tailed above. In 11 cases the piecture was compli-
cated by the presence of gall-stones or of gross
cholec,stitis, and in these, as one would expect, the
cholecystograph showed courresponding deviations from
the normal., Interest centres on the remaining 6
cases in whiceh no suech complicating factor coexistedJ

Here the findings were clearly defined. Although

Several/
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| several of the cases showed a considerable degree of
cholesterol infiltration, yet the cholecystograph in
all cases appeared perfeetly "normal". The shadow of
|the gall-bladder was dense, uniform throughout, of
average size and shape, and with well-defined mgrgins.
Moreover, sfter the administration of a fat meal, in
all cases except one the normsl response, by contrac-
tion of the gall-bladder and partial emptying of its
contents, was obtained. . There 1s therefore adequate
support for the following definite conclusions in
regards to cholecystography:- (8) As, in uncompli-
cated cases, an apparently "normal" shadow of the
gall-bladder may be obtained, cholecystography is only
of value in the disgnosis of cholesterosis as a neans |
of excluding grosser disease of the gall-bladder, suech
as marked cholecystitis or stones. (b) The chole- |
cystographic findings are of value in a consideration

of the pathogenesis of Cholesterosis, for they indi-

cate very clearly two festures, firstly, that the

concentrating function of the gali-bladder may be i
unimpaired, asnd, secondly, that the emptying mechanism
of the gall-bladder is not affected, i.e. there is no|

biliary stasis present.

(b) Estimation of Cholesterol Content of |
the Blood. It is a curious circumstance that,
although most of the existing hypotheses as to the
pathogenesis of Cholesterosis of the gall-bladder are;

.based/
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|
based upon tre assumption that in theze cases the

cholesterol content of the blood is raised, yet the
whole literature conteins only two instances in
which this estimation has been carried out in cases
of Cholesterosis, soreover, in these two cases the
findings were entirely dissimilar, for in the case
recorded by CHIKAY and PAVEL the blood cholesterol
index was raised to 210 mgms. psr cent, whereas in
the other case, reported by GOSSET, LOEWI and
MAGROU it was of a rather low normal value
(150 mgms. per cent.).

In this series the estimation has been
carried out in 9 patients subse.uently proved to
have Gholesterosis of the gall-bladder. The blood
has been taken during a fasting period, usually on
the morniné of operation. For controls, other cases
have been taken in which operation upon the gali-blad-
der was proposed and in which cholecystitis or gall-
stones but no Cholesterosis was subsequently demons-
trated. Table V. (Page 80) gives the actual readings
obteined. In Table'VI (Page 81) the variation from the
normael readings in cases of Cholesterosis are compared
with those of the controls.

Discussion/
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Blood Cholesterol Fstimations.

Appesrance of |No.of Blood Cholestero.
Gall-bladder |Cases present
Generslised ) Gl ) 150
"Strawberry" (el 160
Cholesterosis (3) 196
(4) 209
(5) 294
(6) 330
Patchy 3 1) = 160
"Strawherry" (2) -+ 190
Cholesterosis (3) —+ 190
Controls 14 (1) — 110
Cholecystitis (2 ) — 135
without (3) -~ 140
Cholesterosis (4) -+ 1417
(5) + 160
(6) — 170
[ e 180
(8) + 180
(9) o 190
(10) -+ 190
(11 — 210
(12) - é%g
e r
E 12 ; b 280

L




TABLE VI.

Blood Chnolesterol Estimations.

Blood Cholesterol

(Balow|(150-175) | (175-200) | (Over 200)
15G)

e

No.of|] Low Low normal|High normal [Raised Index
es

leneralizsed

nStrawberry" 6 0 2 1 3
FPatehy
"Strawberry" || 3 0 1 e 0

Controls:
Cholecystitis
no Choles-
terosis. 14 4 2 4 4
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Discussion of Findings in regard to Blood

Cholesterol Index.

The cholesterol content of the blood is
'subject to such a wide range of "normal" variatioas,
and is abnormally raised in so many physiological and
pathological states, e.g. Pregnancy, Diabetes, Paren- |
chymstous Nephritis, Jaundice, Xenthoma, etec., that
in any particular case the interpretation to be
placed upon & raised Blood Cholesterol Index must be
considered with care. lloreover, even in the above-
mentioned conditions, such as Xanthoma, a raised indei
is b%o%O means an invariable finding, and it therefore
could/be expedted that any such regular deviation fro¢
the normal would occur in Cholesterosis. Nor has
this been the case. Reference to the table shows
that, of the 6 cases with marked Cholesterosis, dis-
tinetly raised readings were obtained in 3; one was
within the "high normel" range, and the remaining
fwo were "low normal". Of the group showing petchy
"strawberry" change, two gave "high normal" and the
remeining one & "low normal' reading.

The caées showing Cholesterosis were thus |
equally distributed between the three groups, "low
normal", "high normal", and "raised". Comparison
with the control series of cases, in whieh no
Cholesterosis was present, indicates that little or |
no difference exists between the two groups.

Conclusions/



Conclusions in regard to Blood Cholesterol

Estimation.

These may be summarised as follows:-

(a) In the ¢ cases of Cholesterosis of the
Gall-bladder which have been examined, the olood
cholesterol content has been distinetly reised in 3
cases, high normal in 3, and low normal in 3,

(b) The range of figures in these cases
only differs from those obtained in the controls in
that no abnormally low reading was obtained, whereas,
of the controls, 5 of 14 cases gave distinectly low
figures.

(e) Estimations of the blood cholesterol
content cannot be regarded as of value in the diag-
‘nosis of Cholesterosis of the Gall-bladder.

(d) In regard to Pathogenesis, this series
affords no support for the view that a hypercholes-

terolaemia is an essentisl causative factor.

(7) Disgnosis.

It will be obvious from the varied sympto-
matology that the diagnosis of Cholesterosis must
present great difficulties. On the one hand, severe
pain simulating biliary colic and followed by tran-

sient jaundice,will lead to the suspicion that a

stoney/
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stone 1is present in the gall-bladder, and, on the
other, the symptoms may be so trifling as to be
missed.

In the msjority of cases, however, the
symptoms and signs point clearly to some lesion of
the biliary tract, and the diagnosis of Cholesterosis
must depend either upon the exclusion of grosser
lesions or upon specisl methods of examination.

Of these, the one which seems to offer most
assistance in the diagnosis is Cholecystogrephy.

It is now generally recognised that Chole-
cystography, though by no means an infallible diag-
nostic measure, does give an indication either of
gross chronic cholecystitis or of the presence of all
stones except the smallest, and & "normal" cholecysto-
graphic shadow excludes these conditions. In a
patient with a clear biliary history and a "normal"
shadow the disgnosis ig therefore narrowed down to
one of the following lesions, namely, mild chronic
cholecystitis, Cholesterosis, or small calculi.

It must be admitted, however, that in the
present state of our knowledge the diagnosis of this

condition can only be tentative.

(&)



As Cholesterosis is rarely recognised until

%an extirpated gall-bladder has been opened, considera-
tion of the ftreatment is of academic rather than
practical interest. In two circumstances, however,

 Cholesterosis may be recognised at sn earlier ztage.

The yellow deposits in the mucous membrane
may be discovered when the gall-bladder is opened for
the purpose of cholecystostomy, or occasionally they
mey be recognised in the course of an exploratory
laparoctomy, when they may be visible through the thin|
translucent gall-bladder wall.

In the former circumstance the indication |
for treatment seems ceclear., The gall-bladder having |
slready been opened, only two courses are available,

' either drainage or extirpation. Drainage can have no'
therapeutic effect upon a disease localised to the |
wall of the gall-bladder, and is more likely to result
in inecreased traumatisation, infection, and scarring
of the mucosa. Cholecystectomy is therefore clearly
desirable.

The indication in the second circumstance,
wiiere Cholesterosis is recognised in an untouched
gall-bladder, is not so clear, and must be besed
upon our knowledge of the ametiology of Cholesterosis
and upon its symptoms and the possibility of spon-
taneous cure. In regard to this possibility, little

is at present known, and it is conceivable that in

the/
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the absence of inflammatory lesions cholesterol
deposits may eventually undergo absorption, with com-
plete restitution to the normal. The observations of
£50YD and others, however, indicate that the dis-
appearance of cholesterol is asually associated with
en extension of the inflammstory process already
present, and the treztment should therefore be
oirected towards the prevention of this, Meiical
measures are not Xnown to have any influence upon
lesions of the gall-bladder wall, and if symptoms are
present which point to the biliury tract, in the
absence of contra-indicstions the operation of chole- |
cystectomy is called for. This treatment has been
carried out in all the cases of this series, and,
though the period since operation is in most cases £00
short to justify a final opinion, the results so far
seem eminently satisfactory. of the six cases of
uncomplieated Cholesterosis which can be traced, the
period since operation has varied from six months up
to four years. These six cases include the four
patients who gave histories of severe symptoms, and
all six state thet since the operation no recurrernce

of these symptoms has taken place.



PART

11




FART Id.

PATHOGENESIS OF  CHOLESTEROSIS.

[I.. GENERAL CONSIDERATION OF PATHOGENESIS.

i b

=

CEOLESTEROSIS .

Cholesterol deposits, like those of neutral

fats and other lipoids, have been classified into two |

| groups, according as they originate by degeneration

of the tissue in which they lie (i.e. an unmasking of

cholesterol previously present in masked form), or by‘

.infiltration of the tissue with
from other sources; and in spite
nature of this classification it
importance to determine to which

Cholesterosis belongs.

The whole appearance of sections of "straw-

|
cholesterol derived
of the artificial

|

is a point of primari

of these two groups

! berry" gall-bladders strongly favours the view that

| their cholesterol is derived from other sources by

| a process of infiltration. The amount of lipoid
material in the large collections of foamy cells

| seems altogether too great to have been previously |
present in a relatively acellular an

d scanty stroma,

and, moreover, in most ceses neither thecells ~of
the epithelium nor those of the subjacent layers |
show any tendency to degenerative chenges. |

The question has al§o b
proved by BOYD, on the basls o

een quite definitely |
£ chemical estima-

tions of the cholesterol content of gall-bladders, |
for, whereas this content in the healthy gall-

bladder amounted to from 0.5 to 1.7 Pe

dry/

r cent of th4
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|
dry weight, and in an inflamed but non- cholesterol

specimen to 0.36 per cent, the corresponding
estime tions in a series of "strawberry" gall-
bladders reached.the immense figures of 24.6 +to
60.5.
Two prineipal views have been held in
regard to the setiology of Cholesterosis sirce its
| morbid histology was clesrly recognised. The one
view, most widely held, is that the "strawberry"
change is merely one result of an inflammatory pro- |
cess in the gall-bladder. As only a small propor-
tion of cases of Cholecystitis present any choles- |
terol deposits, it is usually presumed that Choles- :
terosis is a manifestation only of mild Cholecystitié,
and that as the inflammation grows more severe the
cholesterol deposit tends to vanish. Some workers,
e.g. CHIRAY and PAVEL, have gone further and have
believed that Cholesterosis depends upon a VEry
special type of inflammation of the gall-bladder wal%,
or possibly upon en infection with certain specific
organisms, In their view, the essential cause of the
lesion is an obstruction of the lymphaties which
| drain the gall-bladder.
Other workers, on the contrary, consider
that Cholesterosis is in no way associated with in-
flammatory change in the gall-bladder, but rather

that it is a result of some upset of the general

cholesterol/ |



| cholesterol metabolism. GOSSET and his collaborators

| regard it as merely one stage in the formation of gall-

stones; MENTZER has correlated it with alterations

of the general lipoid metabolism, and STEWART(46)

' believes that it is associated with an increase in
the cholesterol content of the blood. Clinical

' records of the blood cholesterol content in cases of
Cholesterosis are unfortunately scanty, and in addi-
tion to those reported here, only two cases have been
found in the literature. Few though the records arel
however, it seems clear that though a proportion of

. "strawberry" gsll-bladders will be found to be asso-
ciated with a hypercholesterolaemia, in some cases
this index is within the limits of the normal.

In addition to the question of a general

increase in the cholesterol content of the blood, the
possibility must also be considered of a local increa%e
oi this substance - an excess in the bile - and in this
relationship must also be considered the special
function of the gall~bla%%é§i%%r%ile cholesterol.
It is well known that, excepting the milk during
lactation, the bile forms the only important excre-
tory channel for cholesterol, and the amount which

| the bile contains, depénding to some extent upon that

When

in the blood, may sometimes be considerable.

- they/
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|
I
‘the bile reaches the gall-bladder the diminution of
| volume effected there by absorption of water causes

s further increase in its cholesterol concentration,
'end this may be still further augmented by any factor
| which tends to promote biliary stasis. MOYNIHAN, |
iiﬂ his original paper on the "strawberry" gall-
ibladder, drew attention to the thieck, dark tenacious
bile in the cases he reported, end this association |
of extreme concentration of the bile, and of & high
'bile-cholesterol content, with Cholesterosis has been
confirmed in many of the cases here reported |

(Tebles I. end II). In one wellsmarked case, this |
'hed further progressed to the deposition of choles-
terol in numerous minute masses of a buttery consis-
| tence, and in many others deposition in the form of !
stones of more or less pure cholesterol had‘occarred.:
The function of the gall-bladder in relatioﬁ
to cholesterol has been the subject of diverse views. |
NAUNYN (31) pasg always maintained that the gall-
bladder serves to excrete cholesterol into the bile,
a process which he believes to be effected mainly or |

entirely by disintegration of the epithelizl cells of!
the mucosa. lost other workers, on the contrary, |
believe that the reverse process takes place, and thars
when the bile from the hepatic ducts reaches the gall?

bladder/
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bladder, some of its contained cholesterol undergoes

| reabsorption through the wall. Thisg la tter view is

ISupported to some exzent by our kunowledge of the

| |
' other properties of the gall-bladder, which is known

| to be capable of absorbing water(4l),

(14)

(6)

erystalloids

| such as sodiwmn iodide , potassium sulphoeyanide

(23)

, and even particulate sub-
(33)

| potassium ferrocyanide

gtances such as carmine or Indian ink , and further
evidence of it is offered by work to be desecribed
later. The ouestion is of great importance in

regard to the aetiology of Cholesterosis, for, if it

' can be shown thet the normsl gall-bladder has the

:Power to absorb cholesterol from the bile, it only

' remains to determine what pasthological circumstance

' perverts this process to a piling up of such exces-

' sive deposits in the mucous membrane. i
I+ will be seen, therefore, that in a study|

of Cholesterosis of the gall-bladder, several well

defined problems require consideration, some of them

concerned particularly with the functions of the '

' gall-bladder, others with more widespread processes.

These relevant problems will De considered

in the following order:-

(1) As Cholesterosis of the gall-bladder
has been shown to result from an infiltration with i

Gholesterol/ |
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cholesterol, a brief reference will ve given to simi-

lar infilstrations in other psrts of the body, and !
especially to two which appear to have several
features in common with the gall-bladder lesion.

(2) Cholesterosis of the gall-bladder,
as a disease of spontaneous occurrence in animals,
is unknown, and the literature contains no reference
to cholesterol deposits in other organs in animals.
In the course of this research work, however, the
writer has met with a condition of the gall-bladder
of a cat which, though not identical, is closely
similar to Cholesterosis, and from a comparative |
standpoint it is felt that a description of it will |
be of value.

(3) The aetiological importance of Hyper-

cholesterolaemia, of Cholecystitis, and of Biliary

:Stasis will be considered.

(4) A method will be described by which it

has been found possible to reproduce experimentally

' in animals the condition of CGholesterosis of the

gall-bladder.

(5) Since there is much evidence that the
origin of Cholesterosis is intimately related with

some alterations of the function of the biliary

' Passages in regard to cholesterol, these functions

will be considered and relevant experimental research
described.

(6)/
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|
! (6) Iastly, as the basis of the foregoing,
lan hypothesis of the causation of Cholesterosis will

be advanced.

' II. CHOLESTEROL INFILTRATIONS IN OTHER SITUATIONS.

Pathological infiltrations with cholesterol
occur in widespread distribution throughout the body, |

and es results of very varied types of pathological

change. M.dJd. STEWART(45) has classified them as 7
follows:-

|

(1) Infiltrations due to local pathologiecal

changes. .

(a) Around caseating and suppurative foed, |
'in subacute and chronic salpingitis, subacute inflam-!
‘mations of adipose tissue, and cerebral softenings; I
'in association with certain specifiec infections suech |
a8 Actinomycosis and Mycosis fungoides; and in the
IJ_esion known as "Myelin Kidney" *.
(b) Due to retention of fluids rich in

ICholesterol, suen as retention cysts of the breast,
|dermoid cysts, ete. |

(¢) In certain tumours, as in the myelomata
!
of tendon sheaths.

(2)/

|

[ ——

i
* i ter indicates tnat
Experimental work reported later 1 t
this condition should be classified under Group |
(2). |
|
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(2) Infiltrations resulting from an inerease

of the cholesterol content of the blood, such as

Cataneous Xanthoma, Cholesteatoma oif the Choroid, and

possibly Arcus Senilis and cersain forms of Atheroma.
Certain splenomegalies may also be included in this
group.

In these infiltrations cholesterol occurs

in a variety of forms, Frequently, as for instance

in arterial atneroma, large rhombic erystals are

present, In other cases, however, (which are of
great intercst in rélation to Cholesterosis oi thne
|
' gall-bladder) the cholesterol is situated inside cells
of "foamy" type, and here, moreover, it is usually in
the form of an estér or fatty acid mixture of a
constitution very similar to that occurring in the
gall-bladder. Or sgain, rarely, cholesterol occurs |
in an entirely different form in whien it is envirely
unrecognisable by the ordinary microscopical metnods,
being combined, probably with proteins, in a masked
form.
Of the infiltrations classified above, two

deserve especial desecription in relation vo tie study

These are (a) Cutaneous Xanthomg

of Cholesterosis.

and (b) Xanthosis of the Fallopian Tubes.

(a) Cutaneous Xanthoma or Xanthosis is a

lesion characuerised by the presexnce in subcutaneous

| tissues/
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| tissues, especlally in certain resgions such as the
eyelids or the extensor aspects of the elhows, of
gyellow coloured depocsits. These deposits contain
Efj.brou.s tissue and often small round cells and multi-
nuclear giant cells, but their most interesting and
 important festure is the presence of large, "foamy",
lipoid-containing cells, wiich have an appearance
iand lipoid content closely similar to tnose occurring
Iin the gall-bladder.

The Pathogenesis of Xanthoma is generally
believed to ve closely reliated to alterations of the
metabolism of cholesterol snd other lipoids. Nearly
all observers have found an incresse in the blood-
cholesterol content, and alteration in tne total fat
content of the blood has also been noved in sSeveral
cases, On the other hand, there are a few well- !
authenticated cases in whicn the cholesterol values
have been within normal limits(10s 39, 40), and

there sre, of course, innumerable instances in whilch
hypercholesterolaemia is not followed by the some-
what rare Xanthosis.

Tt seems evident, therefore, that Xanthoma

' 1s more than a mere overflow-iniiltration ol choles-
- |

terol snd other lipoids into the vissues. On the

one hand, some local factor must be presumed in |

addition to the general factor of nypercholesterolaemia,

and/



cand this 1s usually regarded as of an irritative

| nature, though such is only rarely demonstrable (s,

| for instence, in a case in which Xanthoma folluﬁed at
| the site of & mosquito bite(3l)3. On the other hand,

an explanation must be forthcoming for these cases in

which no incresse in the blood cholesterol is found,

and these sre usually ascribed to the persistence of
Xanthoma lesions after a causative hypercholestero-

laemia has disappeared. ANI TSCHKXOW (1) has pro-

duced exgefimental evidence in support of these
views. He iound that, whereas in normal dogs the
'subcutaneous injection of infective or aseptic
irritants caused the appearance oif macrophages of the
ordinary type, which contained particles of non-
| retfractile fats, in an;mais in which the blood
cholesterol content had peen raised by appropriate
feeding the macrophages contained esters of choles-
terol, The Lesions produced in these animalS bore

a close resemblance, it is stated, to subcutaneous

Xanthoms, .

; (b) Xanthosis of the Fallopian Tubes.

(38)
This curious condition, which was noted by PICK

' in 1910, is of particular interest on account of the

' marked similarity of appearance, both to the naked eye

ceh it bears to Choles.
(17)

and under the mieroscope, whi

| terosis of the gall-bladder. DANIEL and BABES

| have/
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| have described three cases in great detail. In one,

 a case of chronic salpingitis, the mucosa of the tube
|
was swollen and yellow coloured, raised in prominent

branching villi, which microscopically were seen to
| eontain "foamy" cells with much cholesterol. In g
second case, a pyosalpinx, in sddition to & similar
diffuse yellow infiltration there was a single pedun-
culated mess, yellow coloured and of the size of a
haricot bean, consisting almost entirely of a mass of)|
"foamy" cells, and apparently closely resembling a

cholesterol polypus. In the third case, the tube wag

almost obliterated, and projecting from the outer sur-
face of it was a row of polypi, varying in size up tol
that of a pea, and extending the whole length of the |
Itu.be. |
Discussion. The two types in infiltra-
tion deseribed, Cutaneous Xanthome énd Xanthosis of
- the Fallopian Tubes, serve to indicate the widespread
'distribution and character of these lesions.and the |
great similarity in appearance which they may bear tol
Cholesterosis of the gall-bladder.

In the case of Xenthomé, the aetiological
factors seem to be well defined, and the reletion to |
hypercholesterolaemia is undeniable. In Xanthosis of |
the tubes, on the other hand, although no case is on

record in whieh the estimation has been carried out,

there/



(there would appear to be no reason to guspect that

the blood cholesterol index would be raised, and in
jthese cages the presence of a local suppurative focus
renders it probable that a local rather than a genersl
Iincrease of cholestferol is the essential causative
factor,

From these observations the question
naturally arises:- (Can Cholesterosis of the gall-
bladder be classed with Xanthoma as a lesion depending
on an incresse in the cholesterol content of the blood,
or is it rather comparable to the tubal lesion as a
result of a local excess of cholesterol? In lgter.

pages these possibilities will be considered. |

IIT. SIMITAR LESIONS IN ANIMALS.

In laboratory animals pathological accumula-
tions of cholesterol sprear to be extremely rare,
except after the experimental administration of choles-
terol (which will be considered later).

By a curious chance, during the course of
his experimental researches upon Cholesterosis, the
writer has encountered an example of a disease of the

gall-bladder which occurred in a cat spontaneously

(i.e. not as a result of experimental conditions), and
which presented much resemblance to Cholesterosis in
man. Thig case was met with, moreover, in circum-

stances/



circumstances which rendered an immediate and com-
| plete examination of all the organs possible. In
I - - - . -
' view both of its intrinsie interest and its importance

in relation to the pathogenesis of Cholesterosis in

| man, this case is described here somewhat fully.

In the ecat, wide variations occur in the
anatomy of the gall-bladder — it is not infrequently

absent, and varying degrees of duplication and other

' abnormalities are common — Dbut, in contrast with

this, pathological changes in the biliary tract are
almost unknown. Text-books of Veterinary lMedicine
dismiss the subject with the brief commgnt that gall-
stones are rare, and an extensive search of the liter?-
ture has failed to reveal any record of Cholesterosis;

In 200 eats examined by the writer, no instance i

' similar to the present one has been seen, and as the |

call-bladder of the cat is thin-walled, and any change
in the colour or opacity therefore readily noticeable,
it is safe to assert that only a rere disease could

have escaped detection.

The cat was a male, of moderate size and
well nourished though not obese. (Orchidectomy
had not been performed). It had peen.obtalned
from a dealer two days before examination, and
no details of its past history are available. .
While in the laboratory it received the usual
fare of fish and milk.

For the purpose of an experiment upon the

ith full
call-bladder, laparatomy was performed with
sseptic technique, but the gall-bladder apyeare%

g0/ !
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so abnormal that the experiment was abandoned
and instead an autopsy was performed.

The Gall-bladder.

The gall-bladder was large, of almost
double the normal capacity. The wall, in con-
trast to the usuel translucent green, appeared a
pale, almost creamy colour, and on palpation a
thickening, with mueh oedema, became evident.
Traced down towards the cystic duct, these
changes were found to be localised entirely to
the gall-bladder itself, the cystic and common
ducts being of healthy appearance and normal
calibre, There were no omental or other ad-
hesions to the gall-bladder, and the adjacent
liver apueared healthy, but, when the gall-
bladder was removed it was found to be densely
adnerent on its deep surface to the liver, and,
unlike the normal orgsn, could only be stripped
off with difficulty. i

The gall-bladder contained turbid bile of a
greenish brown colour, thin and with no trace of|
mucus. No stones were present,

The most interesting feature was the mucous
membrane, which over the greater part of the
organ had a pale yellow colour, The wall was
thickened and had = peculiar velvety feel. Seen|
from a distance it resembled a soft chamois
leather in appearance. Careful examination *
showed that the yellow colouration was most evit
dent at the tips of the "villi" or ridges of the
mucoss, which were prominent and close}y packed
together. At the fundus, where the ridges were
separated, the intervening surface had a some-
what congested appearance. Towards the other
end of the gall-bladder the mucoss appeared.
relatively heslthy. Cystiec and common ducts
seemed normal.

Sections of the gsll-bladder wall increased
the interest of the case. In the normel cat this
wall is a thin, rather flattened membrane, from
which the "villi" only project a short dlstazace .
into the lumen, but here, on the contrary, the
onll-bladder wall was thickened to almost four
%imes the normal, and the mucous membran? KER
raised into innumerable closely ranged Tidges,
of extreme heignt and great delicacy, consisting
mainly of a columnar epithelium with only =

scanty/ |
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scanty supporting stroma of connective tissue,
the whole appearance so closely resembling the
intestinal wall that a second section was
required to exelude any possibility of mistake
(Flg. 22).

In 2ddition to this remarksble change in the
mucous membrane the wall of the gell-bladder I
presented evidence of a mild chronic inflamma-
tion. The vessels, especially those of the sub-|
serous coat, were greatly dilated, there was
some slight fibrosis in addition to considerable
oedema, and in s few situstions collections of
small round eells were seen.

In a section stained with Osmic acid (Fig.23)
it was recognised that the yellow colour of the
naked-eye specimen was due to the deposit of
lipoid substances in the mucous membrane. This
lipoid, wnich reduced Osmic acid to a dense black,
was entirely confined to the tips of the villi,
and was situsted in the epithelial cells.

|

The epithelium of the bases of the villi and
of the intervening depressions was lipoid-free, |
as was the connective tissue stroma and the
mus eular coat. In the epithelial cells the
lipoid was situated both superficial to and deep
to the nuclei, but mainly in the latter position.

|
Nature of the Lipoid.

In view of the similarity to the condition
of "Strawberry" gall-bladder, it was confidently
expected that the nature of the lipoid present
would also be the same, namely an ester or a |
loose combination of cholesterol and fatty aeids,
but this did not prove to be the case, for the
characteristic feature of anisotropism was
lacking, and even when a chloroform extragt of a|
portion of the wall was examined by the Lieberman-
Burchard reaction, only the faintest trace of !
cholesterol was found.

Further recognition of the lipoid involved
was obtained by its colour reactions in frozen
seections., Scharlach R. and Sudan 4 gave the |
usual searlet colourstion, but with Nile Blue ,
sulphate a vivid blue was obtaincd, eont?ast%ng
markedly with the rose-pink neutral fat in the |
subserous coat, and indiceting that the lipoid was
of the nature of an unsaturated fatty acld. -

Sxamination/
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Examingtion of other Organs.

A complete autopsy was carried out immed-
lately after the condition of the gall-bladder
was recognised, and, as it was at first
regarded as a case of Cholesterosis, particular
attention was paid to those situations in which
en excess of cholesterol might be evident.

On both neked-eye and microscopic examins.-
tion, however, no pathologiceal lesion could be
recognised outside the biliary tract, nor were
there any other unususl deposits of lipoids.
The Adrensl Glands were not enlarged and con-
tained no excess of cholesterol; the Aorts,
so Irequently attacked in experimental hyper-
cholesterolaemia, was not atheromatous;

Liver, Spleen and Kidney appeared healthy, and
there were no deposits of cholesterol in the
Choroid Plexus, the Iris, or other abnormsl
situations. .

Discusgion. Apsrt from its raricy, the

casSe described above is of interest for several
reasons. As an illustration of a pathological lesioﬁ
rare in animals, it points the moral that in experi-
mental as in clinical research, carefully controlled
conditions are essentisl; a sponteneous disease sueh |
as this might render worthless the experimental
series in whieh it was ineluded, and since the occur-
. rence oif this case it has therefore been one's
| invariable custom to exclude similar ones by an
exploratory operation preliminary to any experiment.
This case also tends to impress one with

|
the importance of the factor of a chronic inflammation

in the causation of Cholesterosis. In the cat, both

Cholecystitis/ i
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Cholecystitis and Lipoidosis are each so rare as

i to have escsped previous mention, and their assoecia-

‘ tion in this one cage tends to emphasize the relation-
ship.

The strict localisation of thedeposits to

I-the gall-bladder and the entire freedom from partici-
pation by the bile ducts serve to emphasize the
similar observations made clinically, which vexry
strongly suggest some intimate connection between the
condition present and the particuler function of the
gall-bladder as compared to the ducts, The absencé

of evidence of lipoid deposits elsewhere in the body

supports this view.

The one main distinction between this

disease of the cat and the "Strawberry" gall-bladder
in man is the character of the lipoid present. '
However, fhe essential similarity of the two condi-
tions, it is believed, can be Treconciled easily to
this difference. In the human being, cholesterol

| occurs in considerable quentity in the diet as well
8s in the tissues, and it is present in large amount
in the bile; in the cat, on the other hand, both thg
blood cholesterol and the bile cholesterol contents |
are low, and any lipoid infiltration consequently

tends to involve other lipoids rather than cholestero;.
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LE3T fJLLOiJ.A.ﬁJ.hLlJ‘L AI\D
'HE GALT-BLADBE

|

| IV. RELATION OF HYPERCHOL
| CEOLESTEROSIS OF T
|

(1) Clinical Evidence.

It has for many years been well recognised
that in certain disesses characterised by an increase |
'in the cholesterol content of the blood there is s

definite tendency to the deposition of cholesterol in

the tissues, a most obvious example of this secuence
'being given by Subcutaneous Xanthoma. M.J.STEWART(dé)

and others have attributed to Cholesterosis of the i

gall-bladder a similer origin, but the evidence for |

this view is somewhat incomplete. Proof of such & [

‘hypothesis should rely mainly upon the demonstration ‘

ol a constant, or fairly constant, occurrence of

hypercholesterolaémia in cases of "Strawberry" gall- |

bladder, and such proof is en.irely lacking. The

literature contains only two cases in which the choles-

| terol estimation has been carried out — one cese
showed s raised index; in the other it was normal -
and the results obtained in the present research and

shown in Table V. (see Page 80) emphasize still

It is true|
|

further the inconstancy of the relation.

that the finding of a normal cholesterol index in

in the rare cases of Xanthoma, miﬂn;

Cholesterosis, as

be pessed over on the vresumption of a former hyper-

' cholesterolsemia, but not in the entire absence of i
other, |
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other evidence in favour of the hypothesis.

MENTZER has regarded hypercholesterolasemia
28 sn aetiological factor of primery importance, and |
in support of this view he has shown that, in an
autopsy series, Cholestercsis of the gall-bladder
occurred mesSt commonly in individuals in whom an

ortic atheroms or cholesterol infiltration in other

s}

tuations indicated 2 present or previous alteration

i
jte
}_.I-

of lipoid metabolism. These findings, in a large

series of cases, must be accorded due weight, but it |
|

must be recognised, nevertheless, that there is much

contrary evidence.

Whatever the importance of Hypercholesterol
aemia, there is much eliniecal proof that it alone
cannot cause Cholesterosis of the gal l-bladder.

iany of the control cases recorded in Table V. had a

considerable excess or cholesterol in the blood, yet
neither gross nor microscopic deposits were found in
the gall-bladders. Diabetes, obstractive jaundice,
and parenchymatous nephritis are frequently associa-

ted with hyperenoleéterolaemia, yet the "strawberry"

zall-bladder does not appear to be common in these |

discases, and occasional cases are on record in which
the blood chnolesterol content has risen o tremendous

heights (as in a case of DYKﬁS(l9), in which 1%

reached/
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reached 1250 mgms. per cent.) with no deposits in

the gall-bladder.

Clinically, therefore, there is no evidence
that Cholesterosis depends upon an inereased choles- |

terol content oi +the blood. i

(2) Experimental Evidence.

(a) Effects of Experimental Hypercholes-

terolaemisa, Fxperimental resesrch upon the effects!
|
|
|

of hypercholesterolaemia originated with the dis-

covery by certain Russian workers that characteristie
|
|

changes in different orgsns followed the administra-
tion, for a prolonged period, or foods riech in
cholesterol, i
IGNATOWSKI(24) in 1908 observed changes in
the sorta,-liver, asdrenals and kidneys of dogs fed Ior

Bix months upon meat, eggs and milk. STAROKADOMSKI' 45

| and STUCKEY{44) conrirmed thnese findings, and

| ANITSCHKUW and CHATATOW!Z2) showed that they were

ldue t0 the deposit of cholester esters, tnat they
| depended solely upon the cholesterol content of the
| foods given, and that they could be produced by the

‘administration of pure cnolesterol. Since that

time many workers have followed up these experiments

and have investigated the remarkable results of choles-

Iterol feeding, which may be briefly summarised here.

I
It/ |
i
|
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| It is found thet, of laboratory animals, the
Fones which respond most readily to cholesterol feeding
Fare rabbits, and this finding is generally sttributed
lto the fact that normally the rabbit needs very

|little cholesterol and is correspondingly less able

to deal with lgrge amounts. In cats, dogs, and
guinea-pigs, however, a similsr, though less marked,

' response to feeding is obtained.

The sdministration of cholesterol, either

éas it occurs in egg yolks and in brain, or as purifieg_
crystals, rapidly and constantly causes an increase

' in the cholesterol content of the blood, and if the

- administration is maintained for a sufficient length

| - 3 " |
' of time, charscteristic changes in certain organs and

|
. tissues are found.

The Aorte is one of the earliest tissues to
show changes. These consist in a cholesterol infil-
tration of the intima with large collections of
"foamy" cells, which may be so numerous as to present
a naked-eye appearance closely similar to Atheroma. |
The lipoid subendothelial collections appear &s prom?—
nent yellow masses projecting into the lumen of the

| Vvessel. They occur earliest in the ascending aorta,

later in the descending portion, and, as in Atheroma,

they tend first to involve the openings into branch

vessels, the coronary, subclavian, intercostal znd
lumbar arteries.

Smaller/
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| smaller Vessels also undergo the same change;

!In the writer's experience, the vessels of the lung
ihave appeared particularly prone to it, In some |
icases the mass of "foamy" cells is so great as com-
:pletely to £ill the lumen of even large vessels, giving

|
a remarkable appearance such as is seen in Figs. 24
;and 25

' The Adrensl Glands constantly respond to

cholesterol feeding by an increase in their size anad |

lipoid content, so that they may be three, four or |

more times their natural size shd contain innumerable |
|

|deposits of anisotropie fats. [

|
' In the Spleen "foamy" lipoid-containing |

cells sppear, especially in the sinusoids close under |

‘the capsule (Fig. 26).

The Liver responds first by the accumulation

of cholesterol in numerous enlarged Xupfer cells.

Later, prolonged feeding may lead to cirrhosis.

Oceasionally gross changes occur in the

Kidney, eiving an appearance closely similar to the |

so-called "myelin" kidney oceasionally found in man. |

Figs. 27 eand 28 illustrate the naked-eye ,
and microscopic appesrance of the kidney of a '
rabbit, fed for 12 weeks upon, in addition 1o its
ordinary diet, 0.2 grams of cholesterol daily. |
At the end of this period the blood cholesterol |
index had risen from its normal value of 105 up
to 1136 megms. per cent. In the kidney large

nasses/



 generally recognised to vary
|

| by no meens exactly, with that of the blood

period of time leads to its exeretion by the biliary

‘a8 to lead to the formation of smgll concretions of

(109)

messes of yellow lipoid are seen, situated ,
chiefly in the intermediate zone at the junction|
of the cortex and medulla, but also extending '
through the medulla almost to the pyramids. The
lipoids had all the physical and chemical proper:
ties characteristic of cholesterol-fatty scid .
mixtures. The microscopic section shows an '
extraordinary collection of large "foamy" cells, |
gituated in the interstitial tissues between the
tubules, which have undergone varying degrees of
compression, obliteration or obstruction.

The cholesterol content of the bile is now

to some extent, though

(30) ana |

the administretion of cholesterol for a sufficient

tract. In certsin caées this excretion is so grest

(22) '
cholesterol in the bile . '

In 2 rabbit, which had been fed with.
0.2 grams of pure cholesterol daily for fifteen
weeks, the precipitation of cholesterol from the
hile had continued to a remarkable dggree. The
gall-bladder, when viewed as it lay 1n t@e
abdomen, was thought at first to have uncergone
o "strawberry" change, for visible through the
thin wall against the dark green backgroun? of
bile were innumerable tiny yellow spots. lhen
the gall-bladder was opened, tiese spots proved
to be flakes of a bubttery consistency floating |
in the bile, and gave the chemical reactions of
cholesterol. Mieroscopically, they presented
an smorphous appearance and no crystals were

visible.

(b)/
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(b) Effects of Experimental Hypercholesterol-

gemia on the Gall-bladder Wall. liany workers have

sought to show that cholesterol deposition in the

gall-bladder may be produced by a simple increase in
the cholesterol content of the blood, hoping thus to
prove that this hypercholesterolaemia is the sole
aetiological fasctor in Cholesterosis.

e v o X ) (18) ) by
CHALATOW , DEWEY , and BLAISDELL and

|
CHANDLER( ) have demonstrated that in rabbits, after
!a prolonged course of feeding, cholesterol may appear |
in the cells of the gall-bladder wall, and this

finding hag been confirmed in the course of the preseﬁt

work. It is felt, however, that this finding cannot

' be accurately compared with Cholesterosis in man. i
| Cholesterosis of the gall-bladder may occur 8s & ‘
unique manifestation of pathological lipoid infiltra—i

tion in an individnsl who is in other respects healthy.

In an autopsy recently conducted by the writer, in

which the gall-bladder presented a Very marked "straw-

| 5 .
' tion revesled no trace of pathological cholesterol

In animals, on

‘deposition in any other situation.

‘the other hand, if feeding with cholesterol is main-
|

|tained for a sufficlent period of time to ensure its |

:infiltration in the gall-bladder wall, excessive
|

|dePOSition also ocecurs in the liver, kidneys, sSpleen,

‘&drenallglands, and in the sorta and other vessels — |



lesions which quite overshadow the rather scanty

microscopical deposit in the gall-bladder,

iﬂynercholesterolaemia. |

Experiment.

Cholesterol was administered to four heal thy
rabbits over periods of 11, 15, 14, and 12 weeks |
respectively, each rabbit receiving daily, in
addition to its usual portion of bran and green- |
stuff, 0.2 grams of pure cholesterocl, which was |
administered, for convenience, mixed with butterl

The blood cholesterol contents were raised i
from 85, 70, 98 and 105 mgms., per cent, up to
342, %63, 469 and 1136 mgms. per cent. respec-
tively.

In all the animals, at autopsy, gross j
deposition of cholesterol was found in the aorta,
adrenal glands, and liver; in one, marked
excretion of cholesterol in the bile had led to ‘
the formation of numerous small biliary concre-
tions, and in another (referred to above) |
extremely extensive deposits were founq in the ‘
kidney, spleen and other organs; yet in only
two were traces of cholesterol visible in the |
gall-bladder wall, and in these two the scanty |
deposit, visible only under the microscope, con-
trasted very markedly with the large deposits
elsewhere. ‘

|
Conelusions in regard to the Importance of |

It has besn shown that, ceclinically, there

|18 no support for the view of those who regard Choles-

iterosis as a mere result of a hypercholesterolaemia,

' this view,. The fact that microscopical deposits

and experimentally also all the evidence is against |

| abpear in the gall-bladder wall after very prolonged |

feeding with cholesterol can be disregarded on account

of the very excessive deposits which are also found ‘

| -
'elsewhere. TIndeed, considering how messive some of |

:these/



these latter deposits are, it would be very surprisine

if the gall-bladder wall did not share in the procesé.
On the other hand, it esnnot be maintained;

| that the amount of cholesterol in the cireulsting

blood:is entirely without importance in the patho- i

. genesis of Cholesterosis, Clinieslly, it was noted

. that the only outstanding feature of the blood |

. cholesterol econtent was that in Cholesterosis it is

never below normsl, whereas, in the control series, |

a low reading occurred frequently. It may well |
be, therefore, ‘that a slight tendency to hyper- |

cholesterolaemia predisposes to Cholesterosis.

|
| V. RELATION OF CECOLECYSTITIS TO CHOLESTEROSIS. ‘
I |

Diametrically opposed views have been held!
|
. upon the importance of the infective or inflammatory |
factor in Cholesterosis, and, especially in French |
literature, great controversy has raged upon this
question. |
GOS3ET and his associates have
repeatedly affirmed that Cholesterosis is an asepticjv

non-irritstive lesion (in their opinion it is merely

one stage in the formation of gall-stones), and they

\ 2 3 n =
have deseribed cases in which the gall-bladder pre- |

sented no trace of inflammatory chanse. CHIRAY

and/
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(113) |
|
|
|

and FPAVEL, LECENE and MOULONGUET, and others equally !

|
1

insist upon an inflammatory basis, accounting for the

occagional absence of histological evidence by the
|
|

assumption that a former Cholecystitis has undergone |
complete resolution. J
In the New World, also, there are adherents%
to either view, MacCARTY and BOYD have regarded |
Cholesterosis as merely one menifestation of Chole-
cystitis, MENTZER, on the other hand, from autopsy!
studies inelines to the opposing view. {
Whilst it is generally conceded that in the
great majority of cases a greater or less degree of
Cholecystitis is present, occasional cases undoubtedly
occur in which no evidence of this can be found; and
in view of the fact that most investigations of Choles-

terosis are based upon surgical cases, which are

usvally brought to operation by the accompanying

inflammation, these exceptional non-inflammatory cases

are of particular importance.

Tn the seriesg reported in Part I. several

cases occurred in which, to the naked eye, the gall-

1
|

bladder presented little sign of inflammation, but in

all of these except one the microscopic examination

cave undoubted evidence of mild cholecystitis (Table !

III., see Page 41). 1In one case, however, although

a very gross decree of "strawberry" Cholesterosis was|

present/




|
‘present, neither histologieal nor bacteriologicsl I

‘examination yielded any trace of evidence of an

;inflammatory lesion (see Case 4 and Figs. 20 and 21).f

|
| that o previous Cholecystitis may completely resolve

In such a csse as this it seenms clear either

|
jand leave behind it no visible Sign, or that Choles-

iterosis requires no inflammatory fasctor. In their
}staunch advocacy of an infeetive origin of Choles-
:terOSiS‘ CHIRAY and PAVEL have accepted the former
view, but with our present knowledge of diseases of
I‘the gall-bladder this seems uasupported. All |
[clinical evidence goes to show that a gall-bladder, |

| > 3 r
once affected by intlammatory disease, can never
|

| .
‘Teturn completely to its normal state, and any gxcep- |

' tions to thig must be rare. Judging by these |
|eriteria, therefore, it must be admitted that Chole- !|
| |
cystitis is not an essential factor, tuough probably |

|
usually taking an important part in the production of |

' Cholesterosis.
. |
|
i

VI. RELATION OF BILIARY STASIS TO CHOLESTFROSIS. |

{ The dark, tarry nature of the bile has been|
|

| regarded as an evidence of undue stasis in the gall-

:rﬁle in the origin of Cholesterosis. Clinical evidence,
 however/ i



| however, 1s against this view. Whilst an extreme
concenwration of the bile is one of the effects of ‘
| stagnation in the gsll-bladder, it may also result

from two other causes, namely, excretion of an un- i
| duly concentrated bile by the liver, and an increased|
absorption of water through tne gall-bladder wall. i

The entire absence of any degree of stasis

' in Cholesterosis may be most readily demonstrated by :

Choleeystography. It hes been shown by BPYDEN and

WAITAKER "hat the gall-bladder responds to the ad-

Iministration of a fat meal by emptying its contents
finto the dnodenum, the emptying process resulting from
a slow tonic gontraction of its muscular coat. In
| many of the cases of Cholesterosis reported in Part
I., in whieh no eross degree of Cholecystitis coexisted,

this emptying mechenism remained intact, and after

the administration of a fatty meal a rapid and some-

| times almost complete emptying of the gall-bladder
oceurred, There is therefore clear evidence that ini

|
' |
‘these cases no stasis of bile existed.

|
;VII/
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VII. EXPERIMENTAL FRODUCIION OF CHOLESTEROSI

Lo}

It was considered that the experimental
production of Cholesterosis in animals would afford
the readiest means of assessing the impoftance of
different factors in its causation, and this was
accordingly attempted in a long series of experiments;

In spite of the fact that either of the two
factors, Hypercholesterolsemia and Cholecystitis, mayl
be lacking clinieally, it was felt that their use gave
the best prospect of a successful production of

Cholesterosis in animels, and as the former factor, |

acting alone, feils to give rise to more than micros-

copic deposits of cholesterol, it was decided to

' employ the two factors together. This method proved

suceessful.

The method employed to produce & chronic
cholecystitis was the inoculation, qlreetly into
the wall of the gall-bladder, of avirulent
organisms. It is well recognised thgtﬂln a con-
siderable proportion of chronically 1n11amed_
gall-bladders cultures taken from ?he wall will
yield a growth of streptococcl,_whlch are gon—
haemolytic, slow-growing and avirulent, an
A.L. WILKIE hes shown that if these organlsmns are
injected between the layers of the gall-bladder
wall, no mcute inflammation occurs but a slowly
progressive chronic cholecystitis appesls, af :
first localised to the site of 1ngculat10n, ater
spreading over the whole gall-bladder. E?e '
whole process resembles that seen clinieca tgt%n
cases of mild or moderate chronic cthicgslm is,
in whieh inflemmgtory changes are chiefly oca-
lised to the outer coats of the wall, the macos%

remaining relatively intact.

The/



The procedure alopted was as in the follow-
ing experiment:- |

Experiment. |
|

A healthy msle chinchilla rabbit was fed
with 0.2 grams of pure cholesterol in butter J
daily, along with its ordinary ration of bran and
greenstuff, for a period of 13 weeks. :

One weel after the commencement of the
feeding laparotomy was performed. The gall-
bladder appeared healthy. With a syringe and fine
needle an intramursl injection of a saline sus- |
Pension of streptococci was then msde into the
inferior wall of the gall-bladder at its mid-
point. The streptococcus was one which had been|
1solated several months previously from & case
of Cholecystitis, and belonged to the viridans
group. For the inoculation the growth from a
24-hour agar slope culture was suspended in
10 cems, of saline solution and about one minim
was injected.

Thirteen weeks after the commencement of the
experiment the rabbit was killed. At this time
it was extremely well nourished and appeared
healthy., The abdomen was free from adhesions,
the sesr of the operation wound being barely
discernible. The gall-bladder was of average
size. Its inferior surface had an opaque,
pearly-white appearance and on palpation seemed
thiclkened., Its deep wall, when separated from
the liver, appeared relatively normal.

The other viscera showed relatively little
change to the naked eye, though microscopically
deposits of lipoid were vigible in the liver
and adrenal glands. K .

The gall-bladder contained & large, sSeml-
80lid concretion and a few drops of turbid bile.
The amount present was insufficient for an
accurate estimation, but rough tests showed the
presence of cholesterol in excess,

The inner aspect of the gall-bladder pre-
sented s striking appearance (Fig. 29). Through
its whole extent the mucosa was raised up infto
linear ridges of a bright vellowish wn}te colour,
the whole appearance being very like that of a |
clinical "strawberry" gall-bledder, and this
similarity was further enhanced by the fact “nitP
close up to the commencement of the cystic duct,
the infiltration stopped completely,

the cystic‘
and common ducts being to all appearances free
from lipoid.

|
in/ ;
i
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! In frozen sections from the gall-bladder |
(Fig. 30) the similarity to clinical Cholestero- |
8is was completely demonstrated, for the lipoid |
was found in the two regions where it would be |
expected, namely in the stroma and the epithelial
cells of the muceous membrane, and much of the [
lipoid conformed in physieal asnd chemical charac-
teristies with an ester of cholesterol, i.e. it
was enisotropiec and melted, with the produection
of Maltese crosses, at from 37° to 42° C.
Paraffin sections confirmed the similerity,
for, in addition to numerous small cells of in-
flammatory origin, the stroma of the mucosa con-‘
tained a number of typical "foamy"™ cells, which
' were most marked in the rather prominent villi,
but also extended into the deeper part of the ‘
stroma (Fig. 31). In sections stained with .
- Osmic acid these foamy cells were seen to contain
| lipoid granules stained a faint grey.

In another rabbit, similarly treated except
‘ that the streptococeal inoculation was made only
4 weeks before the animal was killed, the
. appearsnce of the gall-blsdder was even more
\ striking., The gall-bladder, which was small and
| somewhat thiclkened, contained a few drops of
' fluid bile and & large soft yellow mass, which
was taken st first to pe thick pus adherent to
‘ the mucosa. ifore careful examination showgd, '
however, that this was incorrect, and in micros-
copie sections it was seen that the whole of
I this mass was composed of large "foamy"—ce;lgd i
areas situeted within the mucosa, the condition
being that of a very much exaggerated "straw- \
| berry" change. |

It will be seen, then that Cholesterosis of

| the gall-bladder can be readily produced experimental%y

‘by inducing an inflammetion of the gall-bladder in a

'hypercholesterolaemic animal. It remains to be snownl

| - o T
‘how this experimental finding can be correlated with i
|

' the clinical observation thab either Cholecystitis or

Hypercholesterolasemis may be lacking. It 18 belleved‘

|
| thet this correlation can best be effected by & study

|
|0f the funetion of the gall-bladder in regard to ‘
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“BLATION OF FUNCTION OF GALL-BLADDER TO
LHOLFESTEROSTS .

The strict locslisstion of cholesterol

deposits to the gall-bladder itself, and their in-
variable absence from the eystie duet, points clearly

to some relationship between the function of the gall-

'bladder as opposed to that of the ducts. It is pro-

he problem of Cholesterosis.

|posed first to consider their known functions and

roperties, and later to consider how they bear upon |

The functiors of the gall-bladder, so far as |

they are known st present, may be summerised
thug:-

(1) As a blind diverticulum of the biliary
tract, it serves as a reservoir in which bile is

stored during the intervals of digestion.

(2) To compensate for its inadequate
storage cepacity, the gall-bladder absorbs water
from the bile and thus concentrates it to a
fraction of its former bulk.

(3) It acts as a pressure regulator to the
biliary svstem. |

(4) In response to certain s?imuli during
digestion it pours the contained bile into the

duodenun. .
(5) It has the property of absorbing cer-
tain substances from the bile. These have already

been enumerated on Page 91.

The bile ducts are usually regarded as mere
passive channels for the conduction of bile,
their only other property being that of secrgzlﬁg
a thin watery fluid, which becomes evident atfte
an obstruction of the common duet and is then |
known as "white bile" These therefore do not |
share any of the functions of the gall-bla@deg,t
and for this reason presumably are not subjec 0

Cholesterosis. |
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The bile forms a most important vehiecle for

‘the exeretion of Cholesterol, which is present in large

‘quantity, being held in colloidal suspension by the !

bile salts (probably chiefly desoxycholic aeid). Two
éopposing views are held as to the method of this |
!excretion. NAUNYN believes that the cholesterol |
in the bile is derived mginly or entirely from the
%deSQQamation of lipnid-containing epithelial eells in
the gall-bladder; practically all other authorities,

ihowever, regard it as a result of actual excretion

from the liver.
‘ ‘From the point of view of Cholesterosis, it

is important to determine the relation of the gall-

‘hlaflﬁer to cholesderol in +the bile. Does the gall-

bladder excrete cholesterol, re-absorb it, or take
neither action? It is believed that the localisation
lof Cholesterosis in itself is sufficient to exclude the
third possibility. What we know of the absorptive pro-
!perty of the gall-bladder towards several other sub-

stances suggests that cholesterol too is sbsorbed, and

| - . -
‘this view is further supported by the close similarity

in distribution (i.e. towards the tips of the villi)
which the lipoids of Cholesterosis bear to those of the
| |

intestinal wall during fat absorption.

i In/



and later by MENTZER. The former introduced olive

In the experimental field efforts have
often been made ‘to demonstrate the absorption of

cholesterol from the bile, but these efforts have had
. |
little success. Other lipoids, on the contrary, canl
|

readily be shown to be absorbed into the gall-blaﬁderi
|

| mieosa.
|

(1) Absorption of other Lipoids.

The demonstration of lipoid absorption by

the gall-bladder wall was first given by ASCHOFF

0il, butter and sterile milk into the gall-bladders

| of dogs, the eystic ducts being ligated to prevent |

expulsion of the inoeulum., In each case it was found

that after a period of a few days lipoid deposits were

present in the epithelial cells, whereas in control |
animels in which simple ligature of the duct was per-

formed, no such appearance was seen. |
|
Even after

MENTZER noted similar findings.
a8 short a period as half an hour the lipoid could bg
seen in the epithelial cells, and after longer period§

it could be followed to the stroma and even to the i

vascular endothelium, No particles of fat could be

observed in the lymph node draining the gall-hladderﬁ
|

ssels |
took place directly into the blood VesSeLS. ;

and MENTZER therefore concluded that the absorption

The/ |
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The following experiments are typieal of
many that have been carried out, using a variety of

| fatty and lipoid substances.

Experiment.

In a cat the gall-bladder was exposed by
leparo tomy, and the bile removed by a needle |
inserted at the fundus. In place of the bile |
about 1 ccm. of oleiec acid (insuffiecient to dis-
tend the gall-bladder completely) wes injected,
the needle puncture being then closed by a fine
gilk ligature. To prevent expulsion of the |
lipoid, the common duct was ligated close above |
its entrance into the duodenum. (In other
experiments the cystic duct instead was ligated,
with similgr results. A disadvantage of llvatlng
the cystic duet is that a certain amount of <
damage to the surrounding lymphatic vessels i
draining the gall-bladder is inevitable; on the|
other hand, ligation of the common dact intro- ‘
duces the complication of a complete biliary l
obstruction, with conseguent raising of the i
pressure within the gall-bladder. Control ‘
experiments, using both sites for ligation, were|
therefore always carried out.)

Two days later the animal was killed. The |
mucoss of the gall-bladder appeared undameged,
but throughout the entire organ it showed
numerous milky-white, tiny deposits, scattered |
throughout the mucosa along the sammits of the |
ridges - an appearance closely similar to that |
of a typical clinical "strawberry" gall-bladder.

Microscopically this similarity was con-
firmed (except, of course, as regards the nature
of the lipoid). In sections stained by Osnie
acid or by Sudasn 4 innumerable fatty deposits
were visible in the epithelial cells of the
mucosa, in exactly the situation most charac-
teristic of Cholesterosis, namely at the bases
of the cells Jjust below their nuelei, and es-
pecially in those cells situated towards the
apices of the "villi', In other sections the
lipoid was sometimes found also in the more'
superficial/
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superficial parts of the cells, and in Some the
epithelium was competely loaded with fatty®
particles (Figs. 32 and 33).

The whole appearance of such sections so
strongly resembles that of early cases of Choles-
terosis that it is difficult to believe that in
the latter condition the cholesterol can have
reached its site of deposition except by absorp-
tion from the lumen into the epitnelium of the
mucosa. The only respect in which the elinical
condition differs from that induced experimen- |
tally is in the nature of the lipoid, which in
the experiment here cited had the staining
reactions of a fatty acid and failed to show
anisotropism.

In similar experiments the absorption of

butter, olive oil and lecithin has been demoustrated.
|
|

(2) Absorption of Cholesterol.

The demonstration of the absorption of |
cholesterol through the gall-bladder wall has proved
difficult. ASCHOFF in 1906 showed that if choles-
terol in olive o0il is placed in the gall-bladder, |
though lipoid sappears in the epithelial cells, it

does not have the resctions charscteristic of

cholesterol.

MENTZER performed similar experiments,
using cholesterol ester, with equally negative
results. In addition, cholesterol dissolved in
oleic acid was used, and in tnis case it is stated |
that absorption took place, though not so marked s
in the case of other lipoids. Apart from the

simple/
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simple statement, however, WENTZER advances no proot
| |

' that the absorbed lipoid really was cholesterol, ana,;
|
|

unless polaroscope examinations are carried out a

fallacy may here crop up, as in the following experiment.

Bxperiment.

In a cat the bile in the gall-bladder was
replaced by 1 ccm. of oleic acid, in which was
dissolved 0.2 gm. of pure crnolesteroli. The
common duect was ligated.

™wo days later the mucosa of the gall-

bladder showed evident absorption, and micros-
coplically there was lipoid in msny of the epi-
thelial cells., Polariscope examinstion showed,
however, that thisg lipoid was not enisotropiec,
and even chemical tests of ethereal extracts of |
the gall-bladder wsll showed but faint traces of
cholesterol.

Working from another aspect TORINOUMI has
| shown how difficult it is to prove that the gall- !
bladder can absorb cholestercl. TORINOUMI , working !
with dogs, estimated the total cholestercl content ofl
the bile in the gall-bladder before and at the end of
a period during which the cystic duct was closed by
ligature, and endeavoured to determine whether any
reduction of this total took place. Several diffi- |
'culties attended the performance of these experiments
(especially the zccidental product of inflammation in!
ithe gall-bladder), and the findings were therefore

| "
very varisble. 1In those experiments, however, where

!at the end of the period the gall-bladders appeared
| healthy, there was a distinct diminution in their
icholesterol content, so they do give some evidence of

| an shsorntive funetion.



| of cholesterol in the bile as compared to the blood,

| normal method of transport of cholesterol throush the|

(125)

|
It is evident that the proof of the absorp-‘
|

tion of cholesterol, if it does occur, must be diffi-

(1) The experiments of TORINOUMI indicate

cult to obtain for the following reasons:-

|
thet absorption is vexy limited in extent, possibly i
|

depending partly upon a relatively high conceatration

and slowing down as these concentrations eguslise.

(2) The absorption may rot be demonstrable

by _histologzical methods. Little is known sbout the |

|
|
|

body, but it seems probable that the cholesterol is
uwsually bound up with other lipoids in such a manner
28 to render it unrecognisable by its staining or ;

physicel properties. This masking of cholesterol ié

| very evident in absorption through the intestinal i
|

mucosea.. Thus in a rabbit, which for several weeks
had been fed with cholesterol, microscopic sections
from seversl regions of the intestinal tract showed
no trace of doubly refractile material, although at |
the time of death some absorption of cholesterol mus%
nndoubtedly have been taking place. It seems possiﬂle
that the passage of cholesterol through the gall-
bladder mucosa may be similarly obsecured. ‘
(3) In attempts to demonstrate experimen—j
tally absorption by the gall-bladder, the physical an#
chemical state and the environment of the cholesteroi

used/ |
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used must be of great importance and should corres-
pond as nearly as possible to that present in the

normal bile and tissues.

eiving histological demonstration oif cholesterol

experiments have been performed on lines similar to
that described on Page 122, cholesterol in a great
variety of mixtures being injected into vhe gall-
bladders of cats and rabbits.

At first, pure cholesterol was used, sus-
pended in vaseline, agar sgar, or butter, or dis-
golved in oleic acid or oliive oii, but it was soon
realised that in the c¢rystalline state absorpuvion

would be unlikely, and other mixtures were then

sions were prepared, atter the method of CASHIN and

51 )
MORAVE&? in which much of the cholesterol was

|in the form of amorphous or granular wmasses, Or a8

]

piex mixture witn otner L1lpolds wes obtelned by

lethereal exi.raction or the adreneal glands oI hyper-

\cholesterolaemic animals. All these experiments,

‘however, yielded the same results, namely, that

although/

experiments have been earried out with the object of

absorption, but this end has not been achieved. The

Iadopted; by meens oi lecithin, complex watery emul-

In the course of this investigetion numerous

"gyelin bodies"; in other cases, cholesterol in cou- |
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' although ebsorbed lipoid could usually be demonstrated

' in the mucosa of the gall-bladder, it failed to give i

the resction for cholesterocl.

Although histological proof has been found

| - . . - |
| lacking, it has been possible, however, +to demonstrate

'very clearly the absorption of cholesterol by other |

| methods.,

Experiment.

A supply of cholesterol, mixed with other I
lipoids as nearly as possible in the state in '
which it normally exists in the body, was ob- |
tained as followg:- The adrenal glands were
removed from a number of rabbits which for three
months had been on a diet rich in cholesterol. i
Frozen gections of these glands:showed & large |
excess of cholesterol, chiefly in the form of !
esters. The glands were extracted in the cold
with chloroform-ether mixture, and a sticky ex-
tract was obtained which also showed a high con-
tent of cholesterol esters. This extract was
emulsified by means of lecithin in s small quan-
tity of cat's bile.

Laparotomy was then performed on two cats,
and the same procedure carried out in each. Th?
cystic duct was carefully exposed and freed from
the ecystic artery, and cut across. With a fine|
Record needle inserted along the cystic duet the
bile in the gall-bladder was withdrawn, and in ‘
place of it 1 ecm. of the prepared bile was
injected. The cystic duct was then doubly
ligatured and the wound closed.

Five days after operation both cats were ,
killed. The gall-bladders, which appeared f
heslthy, free from adhesions, with unimpaired I
blood supply snd lymph drainage, and with no ‘
evidence of leakage, were removed and their total
contents carefully collected.

Cholesterol/ |



Cholesterol es;Jt;irn.-e;t:ior?"< was then performed
upon these contents, and at the same time upon
1 cc. of tne original injeeted fluid, all the
steps of the three estimations being carried out|
together to minimise any error. '

The results of this experiment are seen in
Table VII (Page 128a), which shows that during
the space of five days more than half of the
cholesterol injected has gone from the gall-blsdder.
This amount far exceeds any possible error of
estimation, and as every care was taken to prevent
loss during the operative procedure or at autopsy,
it seems justifiable to attribute it to actual
absorption through the gall-bladder wall.

It is concluded, therefore, from these

experiments "that cholesterol, when in excess and in

| certain physical mixtures, can be absorbed by the
1

gall-bladder wall, probably in masked form, which pre:
vents its histological demonstratfion.

| It remains to be shown what bearing this
absorptive function has upon the origin ox Choles-
|

terosis. Is any proof forthcoming that in Choles-

terosis the cholesterol deposited in the mucossa

' reaches that situation after absorption from the

‘lumen of the gall-bladder? ‘
|

Experimentally, indirect evidence of this |

]mode of origin is given by the following series of

| experiments. In these the method previously adopted
IEsucoessfully for the experimental production of Choles-
| terosis (viz. the production of & mild chronic Chole-
| eystitis in a nypgrcholesterolaemie apimal) was again

!foliowed/
|

|§¢Ebr method of cholesterol estimation used in this and
{ madtlian svrerimente aag Armeanddiv [((Poes 14E6)Y)
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TABLE VII.

Absorption of Cholegterol from theﬁGall;bladder.

cat 89 Cat_98

Cholesterol injected 34,425 mems . 34 .425 mems.
into gall-bladder

Cholesterol present 15.67 mems, 13.29 mems,
aftef Tfive days

Amount absorbed 18,755 mgms. 21.135 mgms.
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followed, with the important exception that access of
bile to the gall-bledder was prevented by ligature of
the cystic duect. Any resulting cholesterol deposit |
in the mucosa could, therefore, only have reached that
gituation by way of the blood stream. In these ex- |
periments, however, no Cholesterosis resulted, and

they therefore give indirect support for the absorp-

tion theory.

Experiment.

Three rabbits were fed with pure cholesterol
suspended in butter, over a period of 12 weeks,
0.3 grams of cholesterol being sdministered
daily. to each. During thig period the blood
cholesterol index in each case was very markedly
raised (Table VIII., Page 1292a). Three weeks
after the commencement of the experiment laparo-
tomy was performed. By delicate blunt disseetign
the cystic duct was exposed, separated from the
artery, ligated in two places, and cut, great
care being faken to avoid damage to the wessels,
With the obdect of producing a mild progressive
chronic cholecystitis, a suspension of avirulent |
gtreptococeci was then introduced by mesns of
needle and syringe, between the lasyers of the
inferior wall of the gall-bladder, The wound
was then closed,

All three animals progressed well, gaining }
considerably in weight. They were killed at the
\ end of twelve weeks.

Autopsy Findings. All the animals were well
nourished to the point of obesity. Cholesterol
was present in excess in the mdrenal glands, and |
to a lesser extent in the liver and spleen. In
two of the animals there was a considerable
degree of aortic atheroma. The gall-bladders
in all cases showed & mild cholecystitis, with
opacity of the wall and some thickening on pal-
pation. The blood supply appeared intact and
z omental asdhesions were scanty. Mieroscopic
examination revealed an entire absence of vL31bl¢
cholesterol from the mucosa. |
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TABLE VIIT,

Effect of Cholesterol Feeding

tipon the Blood Cholesterol Content.

Rebbits_fed with pure Cholesterol (0.3 grems dasily)

in butter.
Rabbit (1) Female; weight at onset, 5 1b.5% oz.
P__._a.,bb_l.t ( 2 ) Male : n 1 i 4 1b.
Rebbit (3) Male ; g " N 5 1b. 1 oz.
Weeks after Blood Cholesterol Content (mems. %)
Onset of
Experiment Rebbit (1) | Rabbit (2) |Rabbit (3)
0 817 109 70
1 " 100 369 95
2 110 467 118
3 219 683 294
4 539 657 305
6 410 617 388
8 525 576 515
10 563 Hed 595
12 532 ‘ 500 666
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iiX. CONCiUSIONS IN REGARD TO PATHOGENESIS.

It is believed thst there are now sufficient

L

data aveilable to justify a tentative opinion as to
the setiology of Cholesterosis.
The fact that similar infiltrstions with

cholesterol in various tissues of the body are fre-

guently or ususlly associsted with two demonstrable
|lesions, namely, an i%ereaqe in the ChOlPSuPTOl COon.~

! ey v G
| tent of thgﬁp@ood and an inflsmmatory change, necessi+
itates a careful consideration of these two factors in
{particular,

It cannot be doubted, for the reasons

|

|

Ialready cited, thet neither of these factors alone can
l ive rise to Cholesterosis, but it is an sattractive.
: hypothesis, and one freguently maintained, that they
are jointly responsible. Unfortunately this does not
| completely agree with the available facts, for either
Hypercholesterolaemias or Cholecystitis may be lacking|
Ithe former indeed commonly.

In addition, the frecuent cases in which
Hypercholesterolsemia and mild. Choleeystitis exist, yet
fail to give rise to Cholesterosis, indieate clearly
that other causative factors must be sought for., It

seems probably that an indication of the nature of

these/
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these may best be obtained by o eareful ceconsideration
of the normal functions of the gall-bledder in rela-
tion to cholesterol.

From the experiments described above it
seems clear that the gall-bladder can absorb choles-
terol from the bile. This does not necessarily mean
that such 2n sction goes on to any'apﬁreciable extent
in the normsl gall-bladder (the experiments of '
TORINOUMI indicate that such sction must at least be
very limited in degree), and it is likely that an
essential feature in determining the absorption of

cholesterol is the concentration of this substance in

the bile, absorption taking place only when it is in

excess. Moreover, it ig clear that the cholesterol,
when absorbed into the healthy mucosa, yet remains ;
indistinguishable under the microscope, its charac-

teristic optical properties being masked in some way

not fully understood.

Thig being the case, 1t becomes evident that
deposit of visible cholesterol in the gall-bladder J
{Cholesterosig) postulates essentiaslly two processes:i-
(1) Absorption of cholesterol into the
mucosa, depending probably upon an increase in the

cholesgterol content of the bile, and

(2) Some change which uamasks this

absorbed but invisible cholesterol, and which

furthermore /
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furthermore prevents or delays its transport and lead
to its accumulestion in the muecous membrane,

At this point we may see how it is possible

to link up this hypothesis with celinical observations|

(1) An increased cholesterol content of th
bile was found clinieally in all the cases in which
the estimation was carried out. In 17 of the cases,
moreover, it had progressed to the formation of stone

This cholesterol increase in the bile is regarded ss

s primary factor of importance; the blood cheolestero
may of may not be inereased. In the experimental
production of Cholesterosis (as in Experiment, page
117) an increase of blood cholesterol is a necessary
intermediate step in raising the bile cholesterol,
but the?e is mueh evidence that in man the latter
alone méy be increased.

(2) In the second esgential process we can
see how the factor of Cholecystitis may be linked up
with the pathogenesis of Cholesterosis, for it is
believed that the part played by the inflamnation
gonsists simply in interfering with this absorptive
process, so that the absorbed cholesterol is rendered
visible and at the same time is accumaleted in large
auantity in the gall-bladder wall.

The /
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no proof that absorption ususlly occurs by the lym-
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The exact role of the inflammstion is open
to speculation. CHIRAY and PAVEL have suggested that
it acts by actual blockage of the lymphatiec drainage
of the gall-bladder, but against the acceptance of

this hypothesis are two faets, namely (1) there is

phatic path, and (2) there is no histological evidenge
of lymphatic obstruction and no oedema or fibrosis of
the gall-bladder wall. ‘
A more feasible hypothesis would appear to :
be that the inflammatory process occurs in virtue of
gsome chemical action directly upon the absorbed choles-
terol which would at the same time render the choles-
terol visible, interfere with its normal transport,
and lead to the chsracteristiec endothelial response.
3uch a hypothegis has the additionsal advantage that
it ig also applicable to those cases in which no
inflammatory element is recognissble. In these cases

one may presume some non-inflammstory change in the

nature of the absorbed cholesterol, wnieh prevents its

transport away from the gall-bladder. |
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PART ITI.

RELATION OF CHOLESTEROSIS
TO THE FORMATION OF GALL-STONES.

Mentzer has noted that Cholesterosis of the
gell-bladder is Ffrequently associated with the pre-
sence of certain types of gall-stones, namely those
which are composed mainly of cholesterol; and this
| observation has been confirmed in the series of casses
Ireeorﬂed here,

There are two common types of cholesterol-
| rich gall-stonesy—the single stone or "solitaire" and
the multiple stones of "mulberry" appearance—and
iboth these types occur especially frequently in gall-
'bladders which are affected by Cholestercsis.

(P.134a)
Table IX.pAshows the incidence of stones in 35 cases

of Cholesterosis, and in a control series, exactly

double in number, of gall-bladders in which no choles

terosis was present. It will be seen that 17 of the

| 35 gall-bladders of the former series contained stones,

and in no fewer than 11 cases the stones were of "pure

|
‘cholesterol" varieties ("solitaires" in four cases,
|

multiple/
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TABLE IX.

Incidence of Gall-Stones with Cholesterosi

ﬁ Number of (asges
With Choles-|  Without

Iype of Stone terosis Cholesterosis
' (Controls )

Pure Cholesterol

Solitaire ” 4 5
Mitltiple Pure

Cholesterol

("Mulberry") f] 2
Other Types of

Stone 6 30
Stones present in 14 A
No Stones present in 18 %3

i
Total: A5 70
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miultiple "mulberry" stones in seven). The undue pro—!
portion of these stones is e¢learly seen by comparing
the centrel series, in whieh they only ocecurred seven
times out of a total of 37 calculoas cases. Thus
most "pure cholesterol" stones are found in gall-

bladders affected by Cholesterosis. Woreover, it is

fect which has been frequently noted, that where

|
| such a stone is unaccompanied by Cholesterosis, a conL

i%iderable degree of inflsmmatory thickening of the
| wall of the gall-bladder usually exists, such as might
be presumed to have obscured & pre-existing Choles-
terozis, A thin-walled gall-bladder which contains a
pure cholesterol stone almost always, in the writer's
experience, presents some degree of Cholesterosis,

A clear relationship between the fwo condi-

tions, Cholesterosis and the formation of these parti;

!eular types of stones, may therefore be taken as

established, and its nature must now be considered.
It will be profitable at this stage to describe the |
gstones in cuestion snd to review the theories whieh

have been put forward in regard to their origin.

| Characters of "pure cholestercl" stones.

in

A "solitalre" stone is light in weight,
round or oval in shape, snd of pale yellow colour.
It consists, to the extemt of 95 per cent to 98 per

cent/
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cent, of cholesterol,which is mainly in the form of
coarse crystals. In a cross section of a stone, the
erystals are seen to be built up in radiasting coarse
columns, extending from the centre of the stone to its
periphery, and intertwined and twisted 1like eloze-
growing tree trunks, A characterimtié feature,
which differentiates pure cholesterol stones from
others, is the entire sbsence of lamination. At the
centre of the stone is often seen a small pigmented
srea, dark green or brown in ceclour, which has been

regarded by some as a nucleus of bile pigment.

Stones of lMulberry Type oceur as multiple

formations, two, tnree, or as many as thirty being
found together. TUsually, though not ipvariably, all
the "mulberry" stones in a gall-bladder are of the same
size, and they may very from the size of grains of
riece up to that of Barcelona nuts. .Individually, they
closely resemble "solitsires" in outward appearance.
They sre of light weight, rounded, and with a nodular
surface. In colour they are often a very brillisnt
vellow when removeld at operation, but after a short
time they fade to & dull fawn. TILess commonly,
mulberr stones may be almost pure white, when they
mey closely resemble paraffin wax both in appesrance

and consistency. 0n cross section, "mulberryM

stones/
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stones hgve usually a somewhet amorphous, waxy
appearance, without either gross crystallisgation or
lamination. 1In other cases, though less commonly,
intertwined coarse erystalline columns, exactly like
those of the "solitaire", may be seen. It is of
great interest to note that, just as with the "s=oli-
taire' in many of the "mulberry" stones of this serie

a "nueleus"™ of black bile pigment has been found.

Theories as to formation of "pure cholesterol" stones|.

Modern investigation of the formation of
gall-stones may be said to have originafed with
NﬂﬂNYN(;7), who elaborated the ecarlier theory of
WECKEL v. BEMSBACH °2), that call-stones of sll types
result from two predisposing faetors, nsmely, =tasis
of the bile, end an infection, or "stone forming
caterrh, of the gall-bladder wall.

ASCHOFF and BACMEISTER' 4), while accepting
this hypothesis in regard to the majority of stones,
differentiated snother fundamentelly different pro-
cess for certain types, and especially for stones
comprised mainly of cholesterol. These stones they
regarded as arising from a non-inflammatory process,
en altersation of metsbolism, whiech resulted in the
deposition of cholesterol out of its solution in the

bile. Sueh a process ASCHOFF believes to be

ettributable/

)
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| attributable to = trensitory inecrease in the excre-
|

| tion of cholesterol in the bile, winich misht accountl
for the well-known assoeiation of cholesterol gtones
with pregnancy (a state in whieh hypercholesterolaemip,
is frequently observed),or it might rather be due to
a diminution of those bile consgtituents which nor-
mally maintain cholesterol in solution.

Tt i now generally believed that choles-
terol is normally held in colloidal solution in the
bile in virtue especially of the bile salts, and
LICHTWITZqu)haS suzgested that the factor which leads
to its deposition out of the bile is rather an sltera.-
tion in the scid-base reaction of the bile than any
aquantitative chenge.

In the actnal building up of the stone a
primary importance has been attributed to the presence
of & nucleus, around which cholesterol is laid down.

Reference has alresdy been made to the fresuent

finding of a small central pigmented area both in

gsolitary stones and in those of "mulberry" type.
NAUNYN regards these as minute concrements of -
bilirubin ealcium which have srisen as a consequence
of cholangitis and have been later washed down into r
the gall-bladder; in ROVSING's view they are "bile
thrombi" formed in the smaller intrshepatic radieles

of the bile ducts as a result of some alteration in

pigment/
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pigment metabolism., ASCHOFF, on the other hand, |
emphatically controverts this view that cholesterol
stones result from precipitation around pre-exizting
nueclei. In his opinion, the pigmented centre of
cholesterol stones is a sSecondary manifestation, a
result of Secondary absorption of bile pigment to the

centre of a primary cholesterol formation, which heas |

1
oceurred iniependently)from a slow erystallisation

out of the-bile.

While this biliary origin of cholesterol
stones is widely accepted, more recently CHAUFFARD,
GOSSET. and his collaborators, and BOYD, have sup-
ported snother hypothesis, namely, that the stones
arise, not in the bile, but in the gall-bladder wall,
as collections of cholesterol which later beeomé
freed into the lumen. These workers have noted the
close similarity of appearance which exigts hetween

cholesterol "polypi" of the gall-bladder wall and

gmall cholesterol stones, and they have pointed out
how easilylsuch polypi, suspended on narrow delicate
gtalks,; might be set free into the bile,

It will be seen, then, that the relation-
ship between Cholesterosis of the #all-bladder and
the formation of cholesterol stones magy be that of
cause and effeect, the stones resulting from broken-off

portions/
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portions of the intramural deposit, or it may con-
sist merely in dependence upon & common origin, namel
s hypercholesterinosis or dyscholesterinosis of the
bile. In the serieg of cases reported here, seversal
have occurred which are of particular interest from
the point of view of these hypotheses, and they will

therefore be described more fully.

Case (a). This zall-bladder, which is seen
in Fig. 34, merely illustrates the very frequent
association between Cholesterosis and pure cholestero
stones. 1In the gall-blsdder wall, the outer coats of

which are considerably thickened by old-standing

dicsease, 1s & very marked degree of generalised
"strawberry" change. The stones ere typical of

the "mulberry" variety.

The next two cases are of interest in that
they tend to support the intramural origin of stones

by the setting free of gholesterol polypim.

% Case (b). This case is illustrated in
|Fig. 36, The gall-bladder, which was thin-walled,
| contained about twenty stones in addition to 2 number
of polypi. The stones were all small, the largest
being the size of a split pea and the majority the
size of grains of rice, All were practiecally pure

white/
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white in colour, shaped like a mulberry, and of an
almost waxy appearance and consisteney. No coloured
nuclei were present, and the stones were composed
almost entirely of cholesterol in amorphous form.

The polypi were about ten in number. They
were situated in the region of the neck of the gall-
bladder; and attached to the muéous membrane by fine
threads of tissuwe. In size, colour, and appearsnce
they bore a very close resemblance to the stones, so
much so, in faet, that one stone, which was lodged in
a small erypt at the eystiec duet, was for a long time
regarded as a polypus.

In the illustration (Fig. 36) both polypi
and stones are visible; it will be noted that they
are almost indistinguisable, In such a casge as this
it is difficult to avoid the coneclusion that the
nolypl revpresent an earlier stage of the process of

stone formation.

Case (c). This gall-bladder™ is seen in

Fig. 37. At one part of the mucous membrane, close

to the fundus, is a smell patch of "strawberry"change]

at another part two "cholesterol polypi" are deen,
and in the lumen sre two "mulberry" stones, one smgll
and the other the size of a large pea. The natural

inference/

%‘Mr. J.J.M.Shaw's case.

¢
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inference is that these different lesions represent

merely steges in the process of =tone formgtion.

Case (d). This case, on the other hend,

indicates a totslly different method of stone forma-
tion. In a gall-bladder which presented a very minor

degree of Cholesterosis, and no polypi, were thirty

(8]

Fig. 38, and a closer view of several is given in
Flig. %9. In this series all stages of one method of
stone formation can be traced.

The smallest stone is simply a minute black
particle, which appears to consist entirely of bdile
pigment with no visible trace of cholesterol. As the
geries of somewhat larger caleculi is followed, all are
seen to consist mainly of pigment, but in each a
varying amount of cholesterol is also added. The
cholesterol is deposited, that is to say, on a pigment
nucleus. At first, in the smaller stones, the ‘
deposition is excentric, and the cholesterol forms one,
two, or three rounded lghules attached to one side of
the pigment particle. In somewhat larger stones the

deposit is seen to have spread almost completely round

the nucleus, which is now only visible at one point of

its eircumference, Iast of all, in the completely formed

mulberry stones at the right of the Figure, the pig-
ment is completely hidden. Its presence in the centre

of one of them was demonstrated by cross section.
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DISCUSSION .

Of the four cases deseribed, the first
represents the condition most commonly met with,
namely, fully formed pure-cholesterol stones associa-
ted with a "strawberry" gall-bladder. 1In such cases
it is ususlly impossible to do more than guess the
mode of origin of the stones, and it is the earlier
stages which may be expected to give more information

Cases (b) and (e) illustrate clearly all
that has ever been advanced in favour of the intras-
mural origin of gall-stones. The remarkable simi-
larity between polypi snd some gall-stones is clearly
evident in Case (b). Fig. 5, moreover, illustrates
how easily e polypus might bresk off and become free
in the bile, and Case (c¢) demonstrates how all the
gstages of this method of origin may be seen in a

single gall-bladder.

| On the other hand, there are certain con-
J
1

giderations which militaté against a full acceptance
of this theory except as a possible explanation of a
small minority of stones. Pure cholesterol stones,
!when multiple, sre usnally all of equal size (cases

such as (e) and (d) are rare), and it seems clesrly

evident that they originate simulteneously, like the
much more common facetted gsll-stones, Illoreover,

pure/
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pure cholesterol stones are usually of moderate size,
and are composed mainly of erystalline pure choles-
terol, whereas polypi rarely exceed 0.5 cm. in
diameter znd consist ehiefly of esters of cholesterol
It is possible that smell polypi, set free into the
bile, might increase in size by the asceretion of
fresh cholesterol around them, sud it i3 conceivable
that their lipoid content might be de-esterized to
pure cholesterol, but that severasl polypi are simul-
taneously set free in the bile vo undergo these
changes st exactly the same rate is a hypothesis
whiech may be allowed to account for a rare case, but
cannot be accepted in explanation of the relatively
freguent "mulberryY gall-stones,

In the writer's view, it is much more
nlansible to regard both Cholesterosis and "pure
eholesterol" stones as arising from a common cause,
s hypercholesterinosis or dyscholesterinosis of the

le. Sueh a esuse has heen shown to be present in

o’
s

11 the elincal cases of Cholesterosisg in which the

m

[ bile cholesterol content has been estimated, an
seems no reason to doubt that it may alweys be presen
in this condition.

In regard to the actual building of caleunli

there seems much evidence that nueclei of bile pizment

(1]
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do, in at least a proportion of cases, play sn
important part. The appearance in Case (d) csn be
interpreted in no other way. On the other hand,
pure cholesterol stones do ocecur in which no nucleus
is evident, and their formation is no doubt attri-
butable to a primary erystallisation out from the
bile. The two views ia regard to the occurrence of
nuclei are by no meens incompatible; a crystalliss-
tion out of the bile will no doubt ocecur more
readily around & pre-existing nucleus and will give
rise to multiple formations if more than one nucleus
is present:; but it will also occur, though more
slowly and 28 a solitary formgstion, if a nucleus is

lackine.
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KPP ENDI XL

METHODS USED FOR THE ESTIMATION OF THE

CHOLESTEROL CONTENT OF THE BLOOD ARD BILE

| Blood.
For blood, the method adopted has been

as follows:=-

' (1) 5 cocs. of,oxalated or citreted wvenous blood,
carefully measured by pipette, is added, drop
by drop with continual shaking, to a 100 ccs.
measuring flask conteining about 75 ces. of a
nixture of 3 parts of 95% Alcohol to 1 part of
Ether.

' (2) The resulting mixture is raised to boiling
point for a few seconds by placing the flask in
a bowl of boiling water. It is then thoroughly
! shaken and allowed to cool overnight to room

tempersture. :

30/
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(4)

(5)

(6)
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The mixture is made up to 100 ces. volume by the

addition of Alecohol-Ether mixture.

After a further shaking, the fluid is filtered

through No.l filter paper.

The remaining steps are carried out in tripli-

cate, to minimise error.

Three portions, each of 20 cecs. of the filtrate |
are added to three Ehrlenmeyer flasks, and to
each is added a few drops of concentrated NaOH.
The mixturelis then boiled on a boiling water |
bath until the volume is reduced to approximately
one-third. At this point sulphuric acid is
added, drop by drop, sufficient to render the

mixture just on the alkaline side of neutrality,
and boiling is then continued to the point of
dryness. (Note: It is important that neutraliL
sation should be carried out sufficiently early
in this stage, to prevent discoloration of the

fluid by over-concentration of the alkali.)

To the dried extract, after cooling, is added
10 ces. of pure Chloroform. The mixture, after
being thoroughly shaken and allowed to stand for
half an hour, is filtered into & second small

flask/
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flask. The washings, each of 5 ccs. Chloroform,
from the first flask, are then added to the
filtrate. The total Ghloroform extract is then
reduced, by boiling over a water bath, to volumé
of about 4 ccs., which, after cooling, is trans-
ferred to a 10 ce. graduated tube for colori-
metric estimation. Chlorecform washings from
the second flask are added to make a total

velume of approximately 8 ces.

For the colorimetriec estimation, six 10 cec.
graduated tubes are required. Three have already
been filled, as described, each with 8 ccs. of |
chloroform extract derived from the blood to be |
tested. Into the remaining three tubes stendard
solutions of cholesterol in chloroform, each

8 ecs., containing respectively 1 mg., 1.5 mg.,

and 2 mg. cholesterol, are placed for comparison.

The colour reaction is obtained by the
Liebermann-Burchard method. To each of the six
tubes is added 1 ce. of Acetic Anhydride and

0.1 cc. of concentrated H,30,; the mixtures are
stirred and made up to exactly 10 ces., and
allowed to stand in the dark for half an hour

untily/
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until the colour develops. Comparative readingg
are then obtained in a micro-ceclorimetre from
each of the test solutions against the most suitT
ably coloured standerd solution (i.e. the standard

most nearly approaching a similar strength.

(9) Based upon the guantities stated above, the
cholesterol content of the blood (in mgms. per

100 ec¢s,) is estimated as follows:-

| th olesl'eral Content — Colsrimetric Reading of Slandard y o0 x (‘ho]ejferdl Contenl of
Colorimetric Reading of Unkhown Standav. mfngms

| The estimation is carried out independently for !
each of the three test solutions, and an aversge

taken.

The above method, simple and satisfactory
éfor blood, was found to be completely unsuitable, with-
out modification, for bile, owing to the fact that
@ile pigments, carried through the alcohol and ether
ﬁnd chloroform extracts, completely obscured the colou;
ieaction.

After much experiment, however, it was found
Ehat this discoloration could be very easily prevented
by & preliminary alkalinisation of the bile. 2 ces.
o/ '
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of bile was mixed with 2 ces. of normal Sodium
: Hydroxide, and the mixture added to alcohol-ether as
in the case of blocd. The method used for blood
was then followed, except that complete neutralisa-
tion by sulphu:ic acid was not carried out, a dis- :
tinetly alkaline reaction being preserved. By this |
' method it was found possible to rely upon obtaining |
' a reaction unimpaired by adventitious pigments.
Oowing to the rather higher cholesterol content of
| bile, as compared with blood, it was customary to use
| a smaller quentity (2ces.) for the estimation, the |
| calculation being suitably modified. |
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