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PREFACE 

Modern Medicine can never cease to honour the 

spirit of William Harvey who dared to challenge 

classical doctrine in quest ofithe ultimate 

truth. His lesson in critical reinvestigation of 

the bases of an unsatisfactory hypothesis may still 

be learned with advantage. Studies in the group of 

diseases known as "splenic anaemia" have too long been 

haunted by the spectre of " Banti's Disease ", an 

ill- defined conception shrouded i4 an obscurity 

which has proved an insurmountable barrier. 

The last account given by Banti of his 

disease was based on a study of 50 personal cases. 

Almost without exception, the writings on splenic an- 

aemia since Banti's work became generally known, have 

been confused by attempts to correlate the findings 

with Banti's descriptions. This method of approach 

invariably led into a blind alley, owing to 

the rigid and highly individualistic views held 

by Banti. On the basis of pathological material 

from 89 cases of splenic anaemia, the writer has vent- 

ured to break away from this classical method of 

approach. The term "splenic anaemia" is used in 

its original historical sense as a generic term 

for a group of diseases. The commonest member of 



this group is hepatolienal fibrosis. Banti's 

disease is relegated to a minor position as one of 

the syndromes which may occur among the varying 

clinical and pathological manifestations of this 

disease. This broader outlook has led to a new 

conception of the pathogenesis of hepatolienal 

fibrosis, which, if substantiated, may have its 

repercussions on the rationale of treatment. The 

value of splenectomy has been called in question. 

As the primary object of the work was 

the elucidation of the pathology of the various 

diseases classed as "splenic anaemiat °, little new 

ground has been broken in the study of the clinical 

features. Nevertheless the mass of material has 

yielded data, which, though meagre on some points, 

may be of some value as a starting NAce for the 

further studyôf the manifold inter -relations of 

the liver, spleen and haematopoietic system. 

The work has been rendered possihle by 

the financial aid of the University of Edinburgh, 

(Goodsir Memorial Fellowship and Moray Endowment) 

the Beit Memorial Trust, and the Medical Research 

Council, which latter body defrayed the expenses 

of that portion of the work done in the University 

of Aberdeen. 

The work has extended over three years 



and has been carried out in the Surgical Laboratories 

of the University of Edinburgh (Professor Wilkie), 

the Department of Medicine, University of Aberdeen 

(Professor Davidson), and the Medical Unit, Univer- 

sity College Hospital Medical School, London (Prof. 

T.R.Elliott). To the director of each laboratory 

I am indebted for the Patience with which -he 

awaited the results of along and tedious research. 

To the physicians and surgeons of the Royal 

Infirmary, Edinburgh, I am indebted for free access 

to case records and pathological material, and 

especially to Prof. J. Fraser, Mr J.W.Struthers, and 

Prof. Wilkie. Dr F.E.Reynolds kindly supplied the 

material from cases of Egyptian splenomegaly. 

The physiological studies,detailed in chap- 

ters 7 and 8, were carried out at first in the 

Department of Physiology, University of Aberdeen, 

where the writer had the generous help of Prof. 

J.J.R.Macleod and Dr J;M.Peterson. 

For facilities in the experimental study 

of hepatitis the writer has to express his thanks 

to Prof. T. Shennan and Dr J.Gray. For patient 

section cutting and other tecrrical aid,thanks are 

also due to Messrs Knights, Henderson, Pettigrew and 

Nelson. The coloured illustrations in this work 

have been executed by Mr J. Grieve of Edinburgh, 



with one or two exceptions. 

Chapters 1 and 2 constitute an amplification 

of a preliminary study published in the Edinburgh 

Medical Journal in 1931. Chapters 7 p,nd 8 are 

reproduced almost verbally from the Journal of 

Physiology. For permission to include this work, 

already published, I am indebted to the Faculty of 

Medicine, University of Edinburgh. 

Lastly, a special debt is due to Dr J. W.McNee, 

who has taken the deepest interest in the work since 

its inception, and without whose generous help and 

practical advice , as well as unstinted kindness in 

the supply of pathological material alnd case notes, 

the work could not have been carried through to its 

present stage. 

London, June, 1933 
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SPLETT I C ANAEMIA. 

lr historical Survey. 

Splenic anaemia was first differentiated from leu 

kaomia by Gretzel in 1866. The disease he described oc- 

curred in a child of ten months with dysentery ana se- 

vere anaemia, with considerable enlargement of the 

spleen, and a lesser degree of enlargement of the lymph - 

nodes. The disease in question was not leukaemia, as 

was shown. by the relatively crude methods of blood exam- 

ination then employed. Although this case may easily 

have been one of Hodgkin's disease or of von Jaksch's 

disease, it served as the starting point in the study of 

a new clinical syndrome. 

In 1871, H. C. Wood described, a case, "Splenic var-- 

iety of pseudoleukaemia",with enlargement of the spleen 

and severe anaemia, but without leucocytosis. In. 1877, 

Strlmpell described a case of splenic anaemia in a sub- 

ject aged 25 years. This patient had four attacks of 

severe anaemia in the course of eighteen months. Each 

attack lasted about eight weeks; and was followed by 

an interval of comparative health. During each attack 

the spleen was enlarged and there was some temperature. 

The spleen diminished in size between the attacks. 

The patient died in the final attack. At post mortem 

the bone marrow was active and the spleen congested. 
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Str iimpell emphasised the fact that the splenic enlarge- 

ment was not determined by any hyperplasia of the spleen 

but solely by distention with blood. Iie considered that 

blood was being destroyed by the enlarged spleen. From 

the description given,this case was probably haemolytic 

jaundice. 

In 1894, Guido Banti published his description of 

the disease which usually bears his name, under the 

non -committal title of "Spleno4egalia con cirrosi epa- 

tica ". This classical work was followed by other wri- 

tings on the disease by the same author, not only in 

his own language, but in French and German. he thus 

drew the attention of physicians of the latter coun- 

tries to what he considered a well defined clinico- 

pathological entity. Reference to his original publi- 

cations reveals the painstaking nature of Banti's work_. 

The clinical descriptions are clear and vivid, while the 

orderly description of the anatomical changes in the 

spleen form a marked contrast to many of the obscure 

descriptions written by others in later and more en- 

lightened times. 

Sir William Osier (1900) drew the attention of 

English speaking clinicians and pathologists to the 

disease " splenic anaemia ", which he described as "a 

disease, probably an intoxication of an unknown na- 

ture, characterised by great chronicity, primary pro- 

gressive enlargement of the spleen which cannot be 
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correlated with any known cause (primary splenol2ie- 

gal_y) anaemia of a secondary type with leucopenia, 

a marked tendency to haemorrhage particularly from 

the stomach, and in many cases a terminal stage with 

cirrhosis of the liver and laundice ( Banti's dis- 
, 

ease)." 

This definition of splenic anaemia may still be 

taken as representing the conception. of many present 

day physicians. It gives clearly defined indica- 

tions for the clinical use of the term, There is nu 

attempt to clarify the exact nature of the condition, 

and the pathology and morbid anatomy are not discus- 

sed. 

In the last thirty years writings on splenic 

anaemia have been profuse. Senator (1901) and 

Micheli (190o) held that there was no "splenic anae- 

mia" which did not correspond to a stage of Banti's 

disease. This conception led to the use of the 

terms "splenic anaemia" and "Banti's disease" as sy- 

nonymous. 

Owing to the difficulties of assessing the na- 

ture of pathological changes in the spleen the descrip- 

tions of the morbid appearances in many of the publish- 

ed case records are almost valueless. It thus becomes 

impossible to say whether many of the reported instan- 

ces correspond closely with Banti's postulates or not. 
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There are many examples of confusion with acholuric 

jaundice in particular. Certain eases, such as that 

described by Kidd (1913) , in which the pathological 

exaiination. of the spleen revealed no abnormality,and 

which was therefore called "simple hypertrophy" of the 

spleen, certainly cannot be included as instances of 

Banti's disease. 

Quite soon after. Banti had declared in detail the 

requirements for the diagnosis of his disease, ques- 

tions were raised as to whether the Banti type;; of 

spleen could not be found in cases of ordinary hepatic 

cirrhosis. At a discussion_. in Rome in 1905, Banti was 

vigorously attacked by Marchiafava, one of his own com- 

patriots, on this point. The final outcome of the ar- 

gument was that Banti held that the venous sinuses of 

the spleen were more widely dilated in primary,cirrho- 

sis than in Banti's disease, and that the typical al- 

terations in the follicles were absent. 

In Germany; detailed studies were carried out by 

various workers on small series of cases, and many opi- 

nions were expressed.. Chiar. i (1910) was of the opinion 

that Banti's "f ibroadeni..e" could not be differentia- 

ted in any way from an ordinary fibrosis of the spleen. 

Klopstock (1907) believed that a spleen corresponding 

exactly to that described by Banti had never been found 

in cases of liver cirrhosis associated with splenome- 



galy. In 1920 á,,ennet reviewed the literature up to 

that date with great care, and established to some ex- 

tent the view of Klopstock. He found that many cases, 

while corresponding inn a general way to Banti's c14,3- 

critrion, deviated from it in some detail. Grave 

doubts became prevalent as to whether Banti's disease 

existed as a distinct and separate entity. Lppi nger, 

in his monumental work, "Die Repatolienalen Er? ankun -- 

gen" goes into the ciuestion carefully, and his final 

statement is that he had only twice seen examples of 

Banti's disease, one in a German who had been a prison- 

er of war in Sicily, and one in an Albanian. he seem- 

ed inclined to believe that Banti's disease was a sepa- 

rate entity, but was limited geographically to the 

shores of the Hediterr_anean. In 1924, Durr, working in 

Aschoff's laboratory, made a careful comparative study 

of sections from cases of Banti's disease which he ob- 

tained from Banti himself, and from cases of hepatic 

cirrhosis He came to the conclusion that there was 

no single pathological criterion whereby the spleens of 

Banti's disease could be distinguished from the en-. 

larged spleen occurring in cirrhosis of the liver. 

Further confusion, however, was added about this 

time by the "mycotic" school, which has flourished dvr- 

ir; the last decade, especially in France. It was 

claimed that "s ?lenic anaemia" was caused by a strep- 



ptothrix . The or igin ancI explanation of this theory 

will be fully discussed elsewhere. It has nothing to 

commend it. The structures which were taken to be fun- 

i are either elongated crystalloid structures, or hy- 

aline collagenous threads encrusted with pigment. The 

pigment gent is probably derived from haemoglobin, and takes 

origin in old haemorrhages in the spleen. 

The pathology of splenic enlarge ments. is still 

somewhat bewildering, and in the absence of any satis- 

factory explanation of their origin, the subject of 

splenic anaemia still remains confused. There is, jlow 

ever, an increasing tendency to consider Banti's dis- 

ease and splenomegalic cirrhosis . of the liver as dif- 

ferent manifestations of the same disease. Nae eli 

(1905) has held this opinion for many years . Erich 

Meyer (1913) and Lepehne (1930) are also quite clear on 

this point, and Eppinger (1926) in a recent publication 

states that "Banti s A nahme einer primaren. Milzerkran- 

kung als Grvndlage einer bestimmter Zirroseform scheint 

uns ebensowen.ig das Richtige zu treffen wie die urs- 

prungliohe Theorie der Leberzirrose als einer aussch- 

liesslichen Lebererkrankung." 

The subject is undoubtedly complex, and all at- 

tempts to account for the etiology of the disease and 

its pathological manifestations have, hitherto, fallen 



short i n one or other respect. The hypothesis of fun - 

gus infection is unsatisfactory. Warthin's (1910) sug- 

gestion that splenic vein thrombosis was the cause of 

splenic anaemia in many instances, does not apply to 

all, and porto- splenic thrombosis is not of primary 

etiological importance. This will be discussed else - 

where. Norris and his colleagues (191), Marchand 

(1907) and Chiari, have attempted to ascribe an impor- 

tant role to syphilis, which undoubtedly plays a part 

in some cases, but these are in the minority. While 

all these findings are of great interest and importance 

none has yet proved a satisfactory key to the problem. 

From the foregoing account it is obvious that the 

term "splenic anaemia ", in the sense in which it was- 

first introduced, is merely a generic term for a group 

of diseases characterised by splenic enlargement with 

anaemia and leucopenia, or at least withoút leucocyto- 

sis. The term was applied by Striimpell to a case of 

haemolytic jaundice. Pathological advance in the past 

fifty years has recognised certain well defined enti- 

ties which might have been entitled to the term "splen- 

ic anaemia" in the earlier days of its use. Gaucher's 

disease, acholuric jaundice, and aleukaemic leukaemia 

have been separated off as distinct clinico- pathologi- 

cal entities, but there remains a residue of diseases 

in which the term "splenic anaemia" is still somewhat 
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loosely applied. The use of the terms "splenic anae- 

mia" and "Banti's disease" as synonymous is certainly 

to be deplored. " Banti's disease" is a form. of pre - 

cirrhotic splenor:galy with certain' well defined ana- 

tomical features in the spleen. s will be shown in 

the course of this study, only a proportion of the cas- 

es of so called "splenic anaemia" show these changes. 

The remainder of the cases belong to other disease 

groups, which are pathologically distinct from Banti's 

diseases although their clinical separation might offer 

some difficulties. 



2, Terminology. 

The confusion of terminology alone has led to mis- 

understanding. Banti's descriptions are quite clear 

from the clinical and. pathological points of view, but 

as iLiennet found, und, ther_ e are many cases which correspond 

generally to Banti's postulates, while not fulfilling 

the requirements in every detail. Banti's postulates 

were therefore too rigid probably, and it becomes a dif- 

ficult matter to decide whether the term "Banti's dis- 

ease" should be retained or not. We have an analogy in 

"T.Iorvan's disease". Painless whitlows are not always a 

prominent feature of syringomyelia, and yet the term 

"Porvan's disease" is retained mainly from historic in- 

terest, but we prefer to give the disease a name which 

better expresses its pathological basis. With a better 

understanding of the pathological processes underlying 

the final anatomical changes described by Banti, "Ban - 

ti's disease" might be relegated to the position of a 

special syndrome occurring in a disease or disease group 

of a more comprehensive nature. 

Eppinger =per stigg ested the term "hepatolienal fibro- 

sis". This term certainly expresses briefly the common 

terminal pathological findings - increase of the connec- 

tive tissue in the spleen and cirrhosis of the liver. 

The term has its drawbacks: there a ay be no .fibrosis in 

the liver in Banti's first °°'ge; there is probably also 

a stage in which there is no new connective tissue 
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development in the spleen. But it conveys the impres- 

sion. that the liver_ and spleen are both involved in a 

disease process, which may ultimately lead to the forma- 

tion of excess of fibrous tissue in both organs. As such 

it is undoubtedly the best pathological term for the dis- 

ease group 

Naegeli wished the term "splenic anaemia" to be dis- 

carded from medical literature as, in his opinion, it on- 

ly led to confusion. It is a useful term to retain, how- 

ever, if we understand that in making the diagnosis 

"splenic anaemia" we are not committing ourselves to an 

opinion on the pathology of the disease in question. A 

case of splenic anaemia may prove to be a case of hepa- 

tolienal fibrosis: on the other hand it may belong to 

another disease group which does not fit into the hepa- 

tolienal fibrosis class. The relation between these 

various conditions and groups is shown in the diagram. 

"Primitive. splenomegaly" is another term about 

which the same may be said as of "splenic anaemia ". The 

term simply conveys the idea of enlargement of the spleen 

probably with no anaemia, and where there are no other 

features clinically to indicate the true nature of the 

disease. 



3. General Survey of the Pathological Material 

forming the Basis of the Present Study. 

The present study is based upon a series of cases 

of so-called "splenic anaemia" in the great majority of 

which the spleen was removed surgically. In a few ins - 

tances only the pathological material was obtained at 

autopsy. The study of this disease group was begun in 

Edinburgh under the tenure of the (- oodsir emorial Fel- 

lowship, where the material was kindly put at the wri- 

ter's disposal by the honorary staff of the Royal Infir- 

mary, in particular by Professors Wilkie and Fraser and 

r . Struthers, to whom he is indebted for the pathologi- 

cal material and the case records of some forty cases in. 

all. 

During the past two and a half years the work has 

continued under the tenure of a Beit Fellow- 

ship, held partly in the University of Aberdeen, and more 

recently in the Medical Unit of University College Hos- 

pital Medical School, London. In the latter department 

the writer has had free access to Dr. ïLi eUee's unique col- 

lection of pathological material from cases of splenome- 

galy. From a personal study of this material and an ana- 

lysis of the case records in University College hospital, 

some twenty further cases have been added in which the 

details are sufficiently complete to warrant their 
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inclusion in this Series. 

The actual observations on pathological material 

alone have extended over not less than 89 spleens in all. 

In many of these, however, the Case records were incoln -- 

plete or unavailable, and the analysis here set forth has 

been conf ±_red to those instances in which the whole case 

could be exhibite . 

The total pathological material examined was distri- 

buted somewhat as follows: 

Hepatolienal Fibrosis. 59. 

Acholixrie jaundice. 13. 

Simple hypertrophy of the spleen. `e . 

Reticul o- er.d.othelioses . 4. 

Tuberculosis of the spleen. 2. 

Gaucher's disease. 2. 

2;.rterial angioma of the spleen. 1. 

Sarcoma of the spleen. 2. 

89. 

This table is in no way to be taken as a statistical ana - 

lysis, as ;_cITee's material was undoubtedly selected 

for submission to an expert opinion. Nevertheless, it 

tends to bring out the prominence of the henato- lienal 

fibrosis class. 

Of the bepatolienal fibrosis group only 41 cases 

have been selected for detailed examination. In the re- 

maining 18 instances, however, the pathological material 
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left no doubt whatever that the condition belonged to 

this particular type of disease. 

Pathologically and clinically acholizric jaundice is 

sufficiently well recognised and should be no longer re- 

tained as a type of "splenic anaemia ". The microscopical 

picture is the most remarkably uniform orm in the whole range 

of splenic pathology, and should no longer be confused 

with the other types. (,aucher's disease is so rare and 

so well recognised pathologically when met with, and for 

the further reason that clinical details are lacking in 

both cases, =i_t will not be described in this study. 

The remainder of the types mentioned are still lia- 

ble to be included under the term "s-'lenic anaemia ", and 

their clinical separation. from one another may be a mat- 

ter of some difficulty. Pathologically there is no do -ubt 

that they form distinct and separate disease processes, 

although the clinical pictures may be remarkably similar. 

These different types will be described and discussed. 

The central point of the problem obviously lies in 

the hepatolienal fibrosis group, and this type will form 

the major part of the study to be presented. It is of 

interest to note that the number of spleens from this 

disease examined exceeds the number which formed the 

basis of Banti's last publication (1910). Banti's cases, 

collected over a period of more than twenty years, only 

totalled fifty. It is only as a result of the facilities 

for study of pathological material in three large medi- 



cal schools that the present collection of cases has 

been made possible. 



FART I. 

HEPATOLIENAL F IBRO S I S. 



Malpighian 
Body 

Ellipsoidal-Capillaries 
Penicilli 1 

FIG. i. -The circulation through the spleen. (After Braus.) 

Fig. z . (x125) Spleen of a child aet 
limos., injected w .th formalin via the 
artery. (a) shows an artery-beyond the 
Malpighian body curving backwards from 
its bifurcation (b) around the Malpigh- 
ian body to terminate in two penicillar 
arterioles (p). The splenic tissue has 
been ruptured by the force of the injec- 
tion. 
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HEPATCILlif 1 ;rtOT 

Chapter 1. 

VASCULi.a .tAThOLOGY.. 

In the 2receding section it has been noted that 

anptoxi mately two thirds of the cases of " spleni c anae- 

mia" fall into the he2atolienal f Lbrosi s class. In mak- 

g tue diagnosis of hepatolienal fibrosis, the criteria 

adopted were. - 

(1) The presence of certain characteristic vascular 

changes: viz., 

Any of the following four conditions; 

a. Periarteri al haemorrhage, 

b. T'eri arteri al fibrosis, 

c. Siderotic nodules) 

d. Peri -ì alpi hian haemorrhages or fibrosis, 

acconnan.i ed by 

e. Dilated ven.oUs sinuses in the spleen with in- 

crease of connective tissue in their walls, 

(2) The association of the splenomegaly with cirrhosis 

of the liver. 

It is thus obvious that the diagnostic features i r. the 

spleen itsélf are determined essentially by changes aff- 

ecting the local vascular system. A geneil knowledge of 

irae mechanism of-the circizlatidn through' the spleen is 

of fundamental importance for the understanding of the 

problems to be discussed. 

THE CIRCL1TATIOT? THROUGH THE SPLEErT, 

The splenic artery, on entering the spleen, 

breaks up into smaller branches which lie in the tra-- 

becu l ae, each 



 , .'"0>t ` 
^'!g# _ ti: 

e Y °' . ... 
S.a 1 .. L 'it, 1f.k'.';: t.`,{._ f.1` ifi` I 2 ¡., . rI' t t o i~ %.,,-. A .L P , . 

-,.. 1 ; irs ;; ï 1.-0.1." . ;' r- x i . 90 4 { 
..1' 

.',ya 7 , 

i~ 
. A IP. .y;. L ..f( .i g.Çr r:f, 

.. .,ti i 4, ,t" °:' t,y ä . ff i1, . at k$ E`M + 4 4 p'i ' . ° 
V.11 t' 7.0 4, A.ÿ4l." s\ ; ` ó ' . y' y, .wG r. e n+rb ¡. ° ° IÏ 

. 

v ° 1¿ ." . ̀  q' ` 6 2í s. r pa, ái8 t lYa1 ' 4 i . j 
/ j e . .:* 

. , I. ffror ¡ >T ,WCi ` :. 
s "v~ a ; t 1 Iiij` a t b . s y , Alp, ? y ./ijw 4¡'° a .':.I'Ir 

'7 í71 ó.kO.ZI.1le áS...í.`>.,...1.,. f Ior Ì) ! » i .1 pi.~YI,,ItJ. :."ftit°+.,;v¡. ;44't,.{ 

j3 

Fig.3 . (x120) Spleen of a child aet 
6 mos showing an ellipsoid (e) in the 
immediate neighbourhood of the Malpigh- 
ian body. (c) denotes a fine capillary 
passing in a radial direction from the 
Malpighian body. 

Fig. 11- . (x120) Ellipsoids (e) in the 
spleen of a fowl after the injection of 
India ink into the wing vein. The ink 
particles are caught up in the ellipsoids. 
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at first accompanied by a vein. Soon the vessels part 

company, so that many trabeculae carry only an artery or 

a vein. The artery finally leaves the trabecula and en- 

ters the pulp, where it receives a sheath of lymphoid tis- 

sue. This sheath becomes swollen in places to form the 

Malpighian body. Beyond the Malpighian body the artery 

loses its lymphatic sheath and breaks up in a dichotomous 

manner into several branches - the penicillar arteries. 

As Jäger (1929) has shown so beautifully, the penicillar 

arteries curve backward like the branches of a weeping 

ash, to encompass the Malpighian body, in the immediate 

neighbourhood of which they end. On following such an ar- 

tery by serial sections, it abruptly loses its muscular 

coat and the surrounding splenic cells become condensed 

round the remaining endothelial tube to form an ellip- 

soid. 

The ellipsoids are cone- shaped aggregations of 

cells resembling the reticullmm cells of the spleen pulp, 

the only difference being that the interlocking proto- 

plasmic processes of the cells are shorter and there is 

more cytoplasm surrounding the nuclei (Robison, 1926). 

The ellipsoids are much less marked in the human subject 

than in the cat and domestic fowl, for example. 

The venous drainage system begins in the so- called 

sinuses, which form an anastomotic network and finally 

lead into the trabecularveins. The sinuses are 



relatively wide channels, the walls of which consist of. 

"parallel rows of endothelial cells loosely bound together 

by the protoplasmic procooses of neighbouring pulp cells" 

(Robition) and by reticulin. fibres. Between the cells lining 

the venous sinuses, there are slit -like sto data, the sinus 

wall being thus fenestrated. 

As vcNee (1929) has suggested, the ellipsoid 

forms a critical point in the circulatory system of the 

spleen. -It may act as a sort of valve (Kapillarventil of 

Heide it ain, 1928), the condensed tissue of which it is 

formed collapsing over the end of the artery when attempts 

are made to force blood through the spleen from the veins 

to the arteries. It is also thought that it may protect the 

spleen. pulp from sudden overflooding during rapid changes 

in the general blood - pressure. It is doubtful if this val- 

vular action constitutes an important function 
- however, 

for the same difficulty is met with in attempting to force 

fluid from the venous to the arterial side of the spleen in 

man , in whom the ellipsoids are only poorly developed, 

and often absent. The so- called "valvular action" is prß --:. 

bably the result of increased pressure in the venous sin- 
uses of the spleen pressing upon and collapsing the art- 

eries and arterioles. It is easy to distend the venous 

sinuses in the spleen to the point of rupture by forcing 

fluid into the splenic vein under considerable pressure. 

Provided that the pressure is not raised too high or too 

suddenly, a flow in the backward direction can be achieved 

(Nisimaru and Steggerda, 1932). 
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Tait .and. Cashin (1; 25) have shown 

that the ellipsoids filter off foreur_ particles in 

the blood stream. The true function of the ellip- 

soid_ is probably that of a plasma filter (hueck, 1928). 

Yevertheless it is at this critical point, where the 

artery suddenly loses its muscular'coat and merges in- 

to the fenestrated arterial capillary, that the "block" 

occurs, when the fluid pressure is suddenly raised in 

the venous system of the spleen. Te shall return to 

this point later in discussing the effects of portal 

congestion. In the meantime let us take it that any 

local vascular catastrophe, occurring as a result of 

major changes in the pressure relations of the blood 

flow through the spleen, would tend to occur at this 

point. 

In hepatoln al fibrosis the vascular changes ob- 

served fall into four distinct groups, and these will 

be discussed in turn: - 

1. Hyaline Change in the arterial wall. 

2. Perivascular haemorrhage, perivascular fi- 

brosis, and the siderotic nodule: peri- 

malpighian haemorrhage and fibrosis. 

3. Endophlebitis of the Portal venous system, 

with or without thrombosis. 

4. Dilatation of the venous sinuses of the 

spleen. 
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Fig.( . (x550) Hyaline deposits in the 
Malpighian body of a normal adult spleen, 



1. HYALINE C} ANGES 

Pathologists are quite familiar with the frequen- 

cy-of hyaline change in the arterioles of the spleen. 

In a series of twenty cases of hepatolienal fibrosis 

previously published by the present writer (1131), 

hyaline change was present in all the spleens exami- 

ned with the exception of two, the latter being taken 

from young subjects under the age of fifteen years. 

It occurred in the blood vessels outside the trabecu- 

lae, and hyaline masses were frequently seen in the 

oalpighian bodies (figs5,6) . The change is included 

in this discussion as the frequency of the finding in 

normal spleens is not generally realised, and obser- 

vations on hyaline changes have led in the past to 

faulty deductions. 

Jierxhei.mer (1917) examined 1140 spleens from au- 

topsy material at all ages irrespective of the disease 

from which the patient suffered. He found that the 

small arteries in children under 10 years were usually 

unaltered or showed only slight hyaline alterations. 

Between the ages of 10 and 40 years, hyaline changes in 

the vessels were present-in 50 per cent of cases to a 

marked degree, and this proportion increased at great- 

er ages. Disease processes, with the exception of ar- 

teriosclerosis, seemed to have little influence on the 

incidence or extent of the disease. He concluded that 
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the cause of these extensive alterations must be de- 

pendent on. the local conditions and especially on 

the peculiar vascular arrangements and special func- 

tional activities of the spleen. 

Eppir.4ger (1920) paid special atter.t:ion to these 

changes ir. relationship to acholuric. jaundice and 

pern.ici_ous anaemia. In the latter disease he found 

in the inialpighian. bodies thick,-walled. central arteries, 

with hyaline deposits in the intima, in three - -fourths 

of the cases. He suggested that these alterations 

were characteristic of pernicious anaemia . In_ haemo- 

lytic icterus he found similar changes, which he held 

to be responsible in some way for the intense conges- 

tion and extreme circulatory disturbance which charac- 

terises the spleen in that disease.. 

Dubreui l ( 1921) made observations on normal human 

spleens and observed the frequent presence of homogen- 

eous "collagenous" masses in the Ldalpi hian bodies. 

He concluded that such a mass represents an oblitera- 

ted vessel replaced by a fibrous mass, and that "Col- 

loidal" degeneration begins in_ the internal elastic 

lamina. 

:atsuno (1922) examined 323 spleens and found small 

vessel alterations in 75.5 per cent. Among these he 

found the identical changes which Eppinger had regarded 
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as specific for pernicious anaemia. The alterations 

increase in freauencir as age advances, and some of them 

may be related to ordinary arteriosclerosis. The fol- 

licular an. L penicillar arteries are affected most fre- 

quently. 

Nakonetschky (1923) confirmed these findings of 

i atsuno and .Herxheimer. . i-ie adds that it is important 

to differentiate the trabecular arteries from the 

other arteries of the pulp, since the former are sub- 

ject to general changes affecting the systemic vessels. 

üáhile the presence of hyaline degeneration is thus 

well recognised, its actual_ significance is still in 

doubt. Until this has been explained the change will 

be liable to misinterpretation, such as occurred when 

it was considered by EnPinger to be a factor in the 

pathogenesis of pernicious s anaemia and acholuric 

jaundice. 

°Heck bas put forward an interesting theory that 

hyaline change may be the normal process of oblitera- 

tion of the active germ centres of the alpighian 

bodies. The germ centre consists of a U-roup of large 

Pale cells in the centre of the halpighian corpuscle, 

the cells of which often spew a process of active mito- 

sis. The germ centres are indicative of activity of 

the central zone of cells in the formation of lympho- 

cytes which lie in the outer zone. After adolescence 



(after Jager) showing the evolu- 
' tion of the capillary network of the Mal - 
ighian body.. 

(a) The growing capillary loops of the 
developing germ- centre. 

(b) The fully developed capillary system 
of the young active iú1alpighian body, 

(c) The obliteration of capillaries in the 
involuted vIalpighian body. 



zz 

¿erm centres become relatively infrequent in the nor- 

mal spleen. 

The germ centre has an interesting developmental 

history. The Lymphoid sheaths of the vessels are pre- 

sent before birth, but the active germ centres do not 

develop till after birth. They appear first as groups 

of large rounded protoplasmic cells at the margin of 

the lymphoid sheath. At the outer margin of such a 

cell group small lymphocytes make their appearance 

(Thiel and Downey, 1921). According to Jager, Sabin 

(1916) and others, the development of the germ centre 

is preceded by the formation of a dense capillary net - 
work which leads to hypertrophy of the reticulum cells 

at the outer zone of the lymphoid sheath of the artery. 

At a later stage the capillaries of the node are obli- 

terated by hyaline changes, which begin at the vertex 

of the capillary arch. (fig.'") 

The age periods of hyaline changes and the disap- 

pearance of germ centres spew a close correspondence. 

Active germ centres are present in the lymphoid fol- 

licles ir. man up to the age of twenty.. Thereafter they 

undergo involution and disappear (Hellman,1928:, Hells - 

ton., 1926). It is just at this age that hyaline chan- 

ges begin to be common. 

To regard hyaline change as an involution process 

falls into line with the generally accepted conception 



Fib. $ .(by kir..nl permission of Dr J.W.McNee) 
Spleen from a case of hepatolienal fibrosis, 
two- thirds natural size, showing si derotic 
nodules and periarterial haemorrhages. 
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of the significance of similar changes in the arteries 

of the uterus after the menopause. 

The general inference is that hyaline degeneration 

in the blood vessels of the spleen along with hyaline 

deposits in the thalpighian bodies is to be regarded as 

a normal process.. probably related to the involution 

of lymphoid tissue in the organ. It may be wide- 

spread without having any pathological significance. 

2. Perivascular Haemorrhage, Perivascular Fibrosis, 

the 1iderotic Nodule: Peri- malpighian Haemorrhage 

and Fibrosis. 

MoNee pointed out in 1929 that one of the com- 

monest features of enlarged spleens in this country 

was the presence of rusty yellowish nodules on the cut 

surface. These nodules give a gritty sensation when 

cut with the knife. The unaided eye can usually dis- 

tinguish a surrounding zone of haemorrhage. They vary 

in size from a pinhead to a split pea, and give a posi- 

tive Prussian blue reaction, indicating the presence of 

iron. 

Microscopically these areas are found to have a 

central artery with a diameter of 1 /10th. to i mm. In 

the immediate neighbourhood of the artery there is a 

zone of considerable width which consists of branching 

hyaline connective tissue, the interstices of which 
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Fig.q .(from Case II.) Showing the general anatomy 
of the siderotic nodule. (a) The central artery, 
(b) the branching hyaline connective tissue with 
pigment caught in the interstices, (c) the outer 
zone of haemorrhage. 

Fi 10. (from Case XVIII) (oil immersion) . 

(a) the central artery. (b) crystalline pigment in the 
wall. of the artery. (c) pigment crystals in the meshes 
of the hyaline connective tissue. 
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contain masses of golden. yellow, pale yellow, and, in 

sections stained by haematoxylin, dark blue pigment. 

Outside this pigmented zone there is, a zone of haemorr- 

hage which separates the pigmented zone from the pulp 

tissue. (fig, ) 

The endothelium of the central artery is invariab- 

ly healthy and the wall as a rule shows only hyaline 

Change. Not infrequently, however, as noted by 

Sprunt (1911), narrow segmented bands of a golden yel- 

low or yellowish green colour may be seen in the ves- 

sel wall outside the intima. 

In the hyaline pigmented zone cell -nuclei are 

sparse and mostly of the small round type, resembling 

lymphocytes. A few, however, show the large clear 

stippled nucle ?ásieharacteristi c of the ordinary reti -- 

culuxn cells of the - spleen . Some elongated cells are 

present lying along the ëon_néctive tissue fibrils: 

these are fibroblasts.. These cell types are obvious- 

ly modified reticuluJn cells of the spleen Pulp. A 

giant cell is occasionally encountered in these areas: 

its significance will be mentioned later. Haemosi- 

derin pigment may be seen actually inside the reticu- 

m m cells and occasionally in the elongated fibro- 

blasts. 

The pigment of the pigmented zone consists of:- 

(a) Amorphous rounded. bluish -gray masses bearing 
a superficial resemblance to starch granules. 



Fig.!!. (oil immersion) Colour drawing of a siderotic 
nodule, stained by haematoxylin and eosin, Note 
(a) bluish -grey concentric masses. (b) golden - 
yellow -morphous pigment. (e) elongated segmented 
yellow crystals. (d) bluish granular pigment along 
the hyaline connective tissue strands. 're) giant -cell. 

(a 
(b 

/z.(Oil inersion) Siderotic nodule. Note 
club -shaped end of an elongated crystal 
fibroblast containing haemosiderin pigment. 
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(b) Golden -yellow coarsely granaar pigment, usu- 

ally lying it rounded masses« 

(c) Elongated, somewhat rectangular translucent, 

double- contoured,green, segmented masses lying 

along the hyaline fibrous strands. 

A pigment which stains dark blue with haema- 

toxylin and with which the connective tissue 

fibres are encrusted. 

In the outer haemorrhagic zone the majority of red 

(d) 

cells are undergoing haemolysis, 

nules, possibly of haemosiderin, 

them. Just at the margin of the 

it abuts on the haemorrhage, the 

fibroblastic cells is increased, 

pigment at this part is arranged 

elsewhere in the pigmented zone. 

The history of our knowledge 

and fine pigment gra- 

are seen lying among 

pigmented zone, where 

number of elongated 

and the golden -yellow 

in finer granules than 

of these nodules has 

been reviewed by L c]Tee (1929) and by Abrikossoff 

(1929) . The condition was first described by Stengel 

(1904), but the first careful descri Lion was given by 

Gandy (1905). Since then various views have been ex- 

pressed as to the nature of the lesion. 

(1) The Yiycotic Theory. Gibson (1914) attempted to 

prove by staining methods only the presence of a 

streptothrix in these cases, and he has recently re- 

iterated his views in a book on the subject (1930). 
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Gibspn's original work received little support until 

1926 -27, when Nanta (Algiers) observed these siderotic 

nodes in fifteen out of twenty spleens, and he consi- 

dered some of the elongated crystalline structures to 

be the fructification organs of the aspergillus. In 

seven out of sixteen spleens removed by operation in 

Paris the same picture was present, and from two of 

these an aspergillus was cultivated. Simultaneously 

Schweizer (Geneva) examined five cases of Egyptian 

splenomegaly and found similar appearances in throe. 

He concluded that this was a new group of spleen dis- 

eases- mycotic splenomegaly. 

That the mycotic theory is improbable seems ob- 

vious for the following reasons: 

(a) The nodules occur in a large number of dif- 

ferent conditions in which the spleen is diseased: 

hepatolienal fibrosis, acholuric jaundice, Hodgkin's 

disease, leukaemia, syphilis and tuberculosis of the 

spleen (Jaffe and Hill, 1928). E. Weil and his co-; 

workers, (1927) state that the aspergillus produces 

diseases which run different clinical courses. Myco- 

tic splenomegaly thus expresses itself in six clinical 

forms - pure splenomegaly, splenomegaly with haemorr- 

hage, with haemolytic icterus, with anaemia, with 

polycythaemia, and with ascites! The view that a sin- 

gle organism could cause such a varied group of patho- 



logical conditions is wholly untenable. 

(b) Injection into animals of any fungus that has 

been isolated from such spleens has failed completely 

to reproduce.the disease. It produces an illness of 

a septic nature, which cannot be said to resemble any 

one of the numerous diseases of the spleen. from which 

the fungus has been cultivated. 

Oberling (1928) and Jaffé and Hill, while giving 

Partial support to the mycotic theory, recognised the 

extraordinary variety of conditions in which the 

"mycelia" occurred. They are of the opinion that any 

fungus present must be a secondary invader and can have 

no pathological importance as a primary cause of sple- 

ni_e disease. 

(2) The 1.echanical or Chemical Theory. Sprunt (1911) 

expressed the opinion that iron compounds impregnate de- 

generated connective tissue fibres in a selective manner 

and that this may account for some if not all of the ap- 

pearances. This view is supported by Christeller and 

Puskeppelies (1920). Gamna (1928) and Langeron (1928) 

state that the appearances are non -infective and are due 

to the impregnation of fibrin, connective tissue and elas 

tic fibres by salts. Gandy and McNee draw attention to 

the fact that in spleens which show the nodules perivas- 

cular haemorrhage is invariably found and this appears to 
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be the earliest stage of the process. 

An attempt has been made in the present study to 

throw some light on the nature and mode of origin of 

the siderotic nodules by:- 

(1) A study of sections from spleens showing the 

nodules, including serial sections in one 

marked, case: 

Observations on similar pigmentary changes 

in infarcts of the spleen; 

A study of the organisation of haemorrhages 

and infarcts in the spleens of experimental 

animals: 

(4) A chemical study of the pigments of the si- 

derotic nodules. 

(1) The Sections. 

The microscopic description given above 

agrees with the findings in all the fully developed 

siderotic nodules. In the spleens of the hepatolle..- 

nal fibrosis group which_ showed the nodules perivas- 

cular haemorrhages were invariably found. A common 

association was the presence of periarterial fibrosis 

of concentric arrangement with interstices in which 

red blood corpuscles and haemosidnrin pigment were 

frequently found. The incidence and relationship of 



Fig.¡3 x135) from case XX. Periarterial ham,- 
orrhage (h), with early fibrosis (f) round the margin. 
Note the central artery (a) with healthy walls. 
Dilated sinuses (s), 



these changes is shown in the table. 

Periarterial Ha.emorrha es are usually easily vi- 

sible on examining the stained section with a lens. 

They occur round small arteries of a size similar to 

those seen in the centre of the sider_otic nodules, 

and the diameter of the whole haemorrhages area var- 

ies from three to ten times the diameter of the artery 

in the centre. The haemorrhage seer. round the outer - 

most zone of the siderotic nodules is not included un- 

der this description, for the purposes of tabulation. 

Frequently in the sections quite extensive haemorrhages 

were visible which did not bear any definite relation 

to a central artery but in these definite periarterial 

haemorrhages could be observed elsewhere as a rule. 

It was probable that these areas had been cut tangent- 

ially in relation to the artery. long the effused 

blood corpuscles granules of golden- yellow pigment 

were not infrequently seen 

The periarterial haemorrhages were often noted to 

occur round the small arteries beyond the malpighian 

bodies, where these arteries were curving backwards 

to end in the peri- malpighian zone. In fig. /this 

distribution of the haemorrhage is well seen in re- 

lation to its artery. In many instances however, 

the relation to the p eri- malpighian vessels was not 

seen in the sections. Thin condition has been termed 
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2. The next stage appears to be collagenisation of 

the dilated sinus walls. Stained with van Gieson a 

little newly formed collagen is seen in the sinus 

walls, and in the later stages the collagen may be 

a pronounced feature. The early and late stages of 

collagenisation of the sinus walls are indicated in 

table by "f" and "F" respectively. 

It is to be noted that the process of collageni- 

sation of the sinus walls differs from "fibrosis ". 

In fibrosis, which may be illustrated by that occur- 

ring in the organisation of a perivascular haemorr- 

hage, we have a transformation of the cells in a lo- 

calised area it4; elongated fibroblasts. An area of 

cellular connective tissue is formed in which colla- 

gen fibres are laid down by the fibroblasts. By 

contrast, collagen appears in the walls of the dila- 

ted sinuses without any fibroblastic transformation 

of the spleen cells. 

The process in the pulp is evidently not primari- 

ly fibrotic in nature as such a process would tend to 

produce shrinkage rather than enlargement of the 

spleen. The spleen pulp never assumes the appear- 

ance of scar tissue in this disease. 

Apart from these changes in the venous sinuses, 

there are no other changes in the pulp as a rule. 

There is no cellular alteration of notes the cells 



peri- mal-nip.rtian haemorrhaffe , and is obviously of the 

same nature as the periarterial haemorrhages already 

described. It is given special mention however,as it 

is an important and common association of more obvious 

periarterial haemorrhage. It has also a special signi- 

ficance in the consideration of the origin of these hae- 

morrhages. 

The pathological material on which this study is 

based yielded an abundance of microscopic pictures to 

illustrate the further d.evelc2mont of these periarterial 

haemorrhages. Let us first take the changes which fol- 

low upon a relatively small haemorrhage: i.e. one which, 

in diameter, aces not exceed about five times the dia- 

meter of the artery in its centre. 

The red cells become lysed: a change similar to that 

which occurs in an ordinary infarct. The blood pigment 

is removed by the neighbouring spleen cells. Simulta- 

neously the splenic cells which lie in the effused blood 

tend to become elongated, and resemble fibroblasts in 

shape. At a later stage a network cf cellular connective 

tissue is formed, with a few red cells still entangled in 

its meshes, and which at its edge gradually merges into 

the strfrounaing spleen pulp. Later on the connective 

tissue, lying in concentric strands around the artery 

becomes hyalinised, especially in the central parts. 

Thus we see the gradual development of the stage which 



Fig.go. (x 270) (From CaaeII) The lower part of 
the picture to the point (p) is occupied day spleen 
pulp unaffected by haemorrhages In the remaining part 
a j;oriarterial haemorrhage has occurred. The red cells 
are undergoing haemolysis and the surviving spleen 
cells are becoming transformed into elongated fibro- 
blasts in the organisation of the haemorrhage. 

(x 90) (From Case XII) showing the late 
stage of organisation of a periarterial haemorrhage. 
The concentric branching connective tissue strands 
have become hyalinised. The margin of the peri- 
arterial fibrosis gradually merges with the pulp 
on the right of the picture. Note also the dilated 
sinuses (s). 
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has been termed Deriarteri al fibrosis. 

The areas of periarterial fibrosis thus formed 

must be carefully differentiated from normal trabecu- 

lae. Two points usually suffice for the recognition 

of the pathological condition as contrasted with the 

normal. Firstly the trabecula has an abrupt clearly 

defined edge where it abuts on the pulp, while the area 

of periarterial fibrosis gradually merges with the sur- 

rounding splenic tissue, from some of the cells of which 

it has been formed. Secondly, the trabecula consists of 

a solid beam or strut of connective tissue. It has few 

or no interstitial spaces and never contains blood among 

its fibres: the area of periarterial fibrosis, on the 

other hand, has a concentric arrangement of its connec- 

tive tissue strands containing in the interstices be- 

tween the strands a few blood cells or even blood pig- 

ment. 

The older areas of hyaline perivascular fibrosis are 

essentially "white infarcts". The nuclei of the cells 

lying among the connective tissue fibres are dark and 

rounded. The identityof periarterial fibrosis with 

Banti's f ibroadenie will be discussed later (p. ) 

If we now follow the development of a larger zone 

of perivascular haemorrhage we find that the blood 

pigment liberated from the corpuscles in the central 

parts of the haemorrhage cannot be completely removed.. 
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Fig. Ig . (x 90) (From case II) An extensive peri- 
arterial haemorrhage occupies nearly the whole field. 
The artery (a) lies excentrically and. there is early 
fibrosis at the margin. Elongated rectangular crystals 
ana other pigments have formed in the centre, their 
formation definitely preceding the local development 
of connective tissue fibres. 

. 
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The haernatin pigment becomes disintegrated into iron 

containing compounds which may adopt a crystalline or 

amorphous appearance (see r:. ). Fig. shows the appear- 

ance of such crystals, identical in appearance and stain - 

ing reactions with the crystals. found in the siderotic 

..nodules, in the centre of an extensive zone of haemorr- 

hage. 

The further development of such a zone to the stage 

of the siderotic nodule merely necessitates the super - 

addition of the processes we have already described in 

the development of the zone of periarterial fibrosis. 

Hyaline connective tissue develops in the manner al- 

ready described, and the pigment becomes locked in the 

interstices of the hyaline connective tissue or en.erusta- 

ed along its fibres. Frequently stages are seen in 

which the pigment formed does not show the variety of 

appearances we have described on p. 2k but simply 

consists of amorphous golden-brown masses of haemosi- 

der i_n . 

There is thus a great variety of appearances all 

of which develop from perivascular haemorrhages as 

the initial stage. The phases which we have tabula- 

ted (Table ) are merely convenient descriptive 

headings and naturally transition stages are common. 

With regard to the site of origin of these peri- 

arterial haemorrhages, there io no evidence in any 



TABLE T'r: 

PERIARTERIA.To HAEMORRHAGE 

SMALL 

1. Lysis of red corpuscles. 

2. Cellular connective tissue 

develops at the margin. 

3. Zone of young connective 

tissue around the artery 

enclosing a few red corpuscles. 

4. Hyalinisation of the peri- 

arterial connective tissue. 

LARGE 

1. Development of iron - 

containing pigments of 

varying types in the 

central parts of the ,2:. 

haemorrhage. 

2. Superaddition of a pro- 

cess of fibrosis which 

enmeshes the pigments 

already formed. 
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spleen which has been examined of the ß°uÿ tux e of an. 

artery to account for the bleeding, and the trabecular 

veins.have always appeared intact. We at once think 

of the "critical point" in the spleen circulation - 

the reson_ of the ellipsoid, at the termination. of the 

Denicillar arteriole. Indirect evidence in favour of 

this site of origin..is afforded by the frequent occur- 

rence of a ring of haemorrhage or fibrosis round the 

malnighian body in those spleens which show peri-ar- 

terial haemorrhage. It is in this site, as already 

mentioned, that the penicillar arteries end. 

As has already been rioted the occurrence of sider- 

ot:i_c nodules is by no means confined to hepatolienal 

fibrosis. The nodules also occurred in instances of 

acholuric jaundice, tuberculosis of the spleen, etc. 

In these cases there was no fundamental variation in 

the anatomical findings to suggest any difference in 

the site of origin. The haemorrhages were always 

peri -arterial and there was never any suggestion of 

local arterial disease apart from "normal hyalinisa- 

tion" to account for the bleeding. For this reason 

the writer feels justified in accepting direct evi- 

dence of the site of origin of the bleeding in one 

case as applicable to all spleens in which the hae- 

morrhages occur. 

The spleen chosen for a direct search for the site 



Fig. I1. (x 220) Arterial angioma of the spleen. 
Note the leash of arteries. 
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of origir of periarterial haemorrhage, showed ar ex- 

ceptional number of nodules and peri_- vascular haemorr- 

hages . Owing to an anatomical peculiarity there were 

many more penicillar arteries than are usually found 

and it was relatively easy to follow any individual 

vessel by means of serial sections. 

This case is not included as hepatolienal fibrosis 

as it was complicated by the presence of a d.uód.enal 

ulcer with bleeding, and there was a congenital ang- 

iomatous abnormality of the intraspleni c arteries 

which were constituted by leashes of ten or twelve 

vessels. The latter circumstance, however, made it 

particularly favourable for study by means of serial 

sections, as the vessels were so numerous and easy to 

follow. 

Donald M. aet 43, had a history of abdominal 

pain, vomiting, melaena and indigestion lasting over 

14 years. In July.1927 a posterior_ gastroenterostomy 

was performed for duodenal ulcer. At operation the 

spleen was found to be 3 -4 times the normal size. 

In February 1928 he complained of pallor and breath- 
lessness with some abdominal pain. 

tion was as follows: - 

The blood condi- 

ß 4,400,000. 

2,400. 

1= 75% 
lqeutrophi is . 52% 

Lymphocytes. 48% 
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Fig.2I. ( Qil immersion) Showing the origin of a 
periarterial haemorrhage. The arrow (c) indicates 
the centre of an arterial capillary (oval ring of 
nuclei) at the point where it enters the pulp. Red 
corpuscles (r) have escaped at this point and are seen 
undergoing haemolysis. 

C 

Fig. 22. ( After hueck) showing the mode of tern 
nation of the arterial capillary in the pulp. th6 

section in the preceding figure 
p 
asses throughtrr 

arterial capillary in the plane (c). 
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Splenectomv was successfully carried out The liver 

appeared normal at operation, but it was noted that 

the splenic artery was "lar_gre, -tortuous anft striated 

as if from early a rater_ i_tis" . 

Spleen: Weio.ht 18 ounces. i5icroscoï ca11y: capsule 

was thickened. The subcapsular sinuses are dilated 

and slightly fibrotic. The pulp sinuses are dilated 

with quite definitely fibrotic walls. ï .ñalpi ghian. 
bodies show frequent hyaline deposits. The arteries 

show }narked hyaline changes in the walls, and almost 

invariably are constituted by leashes of vessels. 

Periarterial haemorrhages, neriarteri_al fibrosis and 

pigment deposits are frequent, i.e. siderotic nodules, 

and all intermediate stages in the development of 

these. Scattered through the pulp are small golden - 

brown refractile granules. These have a tendency to 

accumulate along the sides of the blood vessels. Pha- 

gocytes containing blood pigment are frequently seen 

in the pulp: these tend to be especially numerous in 

the region of the periarterial haemorrhages. 

A small artery surrounded by a zone of haemorr- 

hages was traced down to the point where it lost its 

muscular coat. At this point the arterial capillary 

was represented by a ring of "endothelial" cells 

without any visible connections with one another. 

Between these cells red corpuscles appeared to be 

escaping into the periarterial tissues, where they 

were undergoing haerûo lys is . (Fig. Z ( ) 

The abrupt ending of the artery and its continua- 

tion for a short distance as a recognisable arterial 



Fig. X3 , (x 
merits at the 
(From a case 

250) Elongated crystals and other pig- 
edge of an infarct of the spleen . 

of aeholuric jaundice). 
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capillary corresponds to the anatomical descriptions 

of Weidenrei ch (1901) and .Hueck. The latter draws 

attention to the absence of any demonstrable cement 

substance between the cells of the capillary wall. 

(Fig, z2) The cells are merely linked up by cell 

processes and the appearance of fenestrations between 

them is thus explained. Ellipsoids were not seen at 

this point, but, as Hueck points out, these are not 

present on all the peni ci llar arteries of the human 

spleen and in pathological spleens they are frequently 

absent 

(2) Infarcts of the Spleen. 

In splenic enlargements infarcts are not uncommon 

findings, and in several of the spleens examined old 

infarcts were present. These contained types of pig- 

ment exactly similar to those found in the sicterotic 

nodules . (Eig , 23) Large infarcts are usually white in 

the centre, but have quite a well-- rrarkea pigment de- 

posit at the periphery. Abrilcossoff (1929) made the 

same observations and in addition discussed similar 

pigmentary changes which are found in brown indurat- 

ion of the lungs, and in scars in the site of the 

corpus luteum of the ovary. He proved conclusively 

that each individual type of pigment found in the si- 

derotic nodules of the spleen also occurs in those 

other organe in the conditions "mentioned, 
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(3) Organization of ar. tifi_oially iroduce. infarcts . 
and haemorrhages in the spleen. 

We have noted above the stages in the organiza- 

tion of periarterial haemorrhages in. the spleen of 

man. It has also been noticed that the crystals of 

pigment formed at, the edge of infarcts in the human 

spleen are identical in appear-ance with those which 

occur in the siderotic nodules. It was thought that 

it might be profitable to follow the changes which 

ensued when. haemorrhages and infarcts were produced 

in the spleens of experimental animals, with special 

attention. to the mode of development of scar tissue 

and to the fate cf blood pigments and its deriva- 

tives. . 

Haemorrhages were produced in the spleens of 

cats and rabbits by puncturing the spleen with a fine 

needle which. was rotated slightly after its introduc- 

tion into the substance of the organ. In rabbits, 

infarcts of the spleen were produced by tying in an 

inclusive ligature both the artery and the vein to 

one segment of the spleen. The infarctions ctions produced 

weFe of the red variety. In rabbits quite considera- 

ble deposits of haemosiderin may occur in the spleen 

under normal conditions. hen a general distribu- 

tion of such pigment was found in the healthy portion 

of the spleen little emphasis could be laid on the 
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local pigmentary changes around the infarcted area. 

Such animals had therefore to be left out of account 

and attention. was only paid to those experiments in 

which the pigment was obviously derived from the in.- 

farcted area. In cats, however, haemosid.erin pig - 

ment is rarely seen normally in the spleen, and there 

was little uncertainty as to the mode of origin of 

any pigmentary changes which developed after a local 

haemorrhage. 

Results of Experiment,. . 

In the first few hours after the production of an 

infarct progressive death of the cells in the infarct - 

ed area took place, as was evidenced by pyknosis of the 

nuclei in the affected zone. Within 24 hours lysis of 

the blood cells in the affected area could usually be 

nade out. Up to 24 hours little alteration was detec- 

ted in the living cells at the margin of the infarct. 

In 48 hours (Fig . 2k) definite enlargement of the 

surviving cells was seen at the edge of the infarct; 

the nuclei of the cells became larger and the chroma- 

tin filaments were rendered more prominent. No pha- 

gocytosis of pigment could be seen at this stage. 

Rabbit E. 11. Killed two days after ligature of 

splenic vessels to the lower pole of the spleen. 

The lower pole of the spleen was of a deeper red and 

softer than the rest of the organ, but otherwise no 
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Fig.21!. (x 350) 2 days after infarction of portion 
of the spleen. Note pyknosis of cell nuclei (p) , 

Sn.d vesicular enlargement of cells (e) at the margin 
of the infarcted area. 

Fig,2 (x 350) 7 days after production of a 
haemorrhage in the spleen. 
r intact red blood corpuscles. 
i haemoglobin liberated by laking. . 

h haemosiderin laden cells at the margin of the 
haemorrhage. 



39 

abnormality could be seen. 

Microscpically: The infarcted area was easily re- 

cognised by the diffuse eosin staining which was taken 

up by the red corpuscles and the haemoglobin pigment 

liberated in the process of haemolysis. The red 

cells had often lost their outlines and lay in con- 

glomerate masses. The nuclei of the cells in the in- 

farcSted zone had become densely pyknotic. The survi- 

ving spleen tissue at the edge of the infarct showed 

no abnormality beyond the enlargement of the vesicu- 

lar nuclei of the pulp cells. No pigmentary changes 

were seen. (Fig.4) 

Between the second and the seventh day haemoly- 

sis of the red cells had taken place at the edge of 

an area of haemorrhage and the adjacent pulp cells 

had become laden with haemosiderin pigment. 

Rabbit E. 1. Killed 7 days after the production 

of a small haemorrhage in the spleen.. The haemorr- 

hage had been so small that the naked eye could de- 
tect little abnormality. Sections cut through the 

part which had been punctured revealed a small area 
of haemorrhage with marked haemolysis at the edge. 

The adjacent spleen cells contained haemosiderin 

pigment. (Fig.25) 

In the case of infarctions, the process had rea- 

ched a similar stage at the end of a week so far as 

the absorption of blood pigment by the spleen cells 

was concerned. The formation of new connective tis- 

sue however was definitely advanced, while in the case 

of a simple haemorrhage new connective tissue had not 



Fig.26. (x 350) 6 days after infarction. 
Formation of new connective tissue cells 
at the edge of the infarcted area: note the 
granular haemosiderin pigment in many of 
the cells. 

Fig.27. (x 350) 22 days after infarction. 
Note the haemosiderin content of the 
connective tissue cells, which are now 
less numerous than at the early stages 
(cf. preceding illustration). 



yet made its appearance. The dirr°erence in the pro- 

cesses or organisation or haemorrhages ana inrarcts 

woula appear to lie in the presence or aeaa spleen 

cells in the latter ana not in the rormer. it is 

possible that the breakaown proaucts or the pulp 

cells or the spleen rorm a greater stimulus to new 

connective tissue rormation than those or rea cells 

alone. While no interference with the oxygen sup- 

ply of the cells round a haemorrhage may take place, 

there is probably an intermediate zone in the infarc- 

ted area where the collateral circulation is poor. 

Rabbit E. 14. Killed six days after ligature of ves- 

sels to the lower pole of the spleen. The infarcted 

area was definitely red and more shrunken than swol- 

len. Microscopically the striking feature was the 

formation of new cellular connective tissue at the 

edge of the infarcted area, many of the cells con- 

taining haemosiderin granules. (Fig.z (0) 

By the end of three weeks the formation of new 

connective tissue had reached a more advanced stage. 

There was more ground substance in the connective 

tissue which took up the red van Gieson stain. The 

connective tissue cells still contained haemosiderin. 

granules. 

Rabbit E. 3. Killed 22 days after infarction. The 

new connective tissue cells at the margin of the in- 

farct were fewer in number than those seen at the end 

of a week, and the formation of fibres and ground 



Fig.zt. (Oil immersion) 21 days after production 
of an artificial haemorrhage in the spleen (h). 
Note the new connective tissue development with 
intracellular and extracellular haemosiderin. 

Fig. z9. (x 350) Hyalinis4Ltion of the connective 
tissue at the ridge of an infarct, 60 days after 
its production. Note the large amount of haemosid- 
erin pigment caught in the meshes of the connective 
tissue. 



substance was much more definite. (Fig. Z7) 

Cat.E. 12. Killed 21 days after the production 

of haemorrhage in the spleen. A small area of hae- 

morrhage the size of a pinhead could be seen in the 

spleen macroscopically. A section through this area 

revealed the appearance shown in Fig 28. New con- 

nective tissue was formed at the edge of the haemorr- 

hage with haemosiderin granules lying both intracel- 

lularly and extra- cellularly in the interstices of 

the connective tissue. 

It is A,ifficult to tell whether this extracel- 

lular pigment was formed extracellularly or whether it 

was extruded by spleen cells which might have absorbed 

it previously. This is a point to which we shall re- 

turn later. 

The further stages or the process consist or the 

senescence ana hyalinisation or the new connective 

tissue. 

tcabnzt E. L. xilled 60 days amer the ligature 
or the splenic vessels to one segment or the spleen. 

lue connective tissue which has r'ormea at the edge or 

the inraretea area tas unaergone hyalinisation or the 

connective tissue r cores ana large quantities or naemo- 

siaerin pigment are caught in the interstices or the 

new connective tissue. 

The above z inaings give some inaication or the se- 

quence or events ensuing upon the production or in- 

iaxcts ana haemorrhages in the spleen. it erioulu oe 

noiea, nowever, that in many instances a haemorrhage 
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which had been produced at the initial operation 

could not be traced at autopsy. It appears that 

even considerable haemorrhages in the spleen may 

be absorbed and leave no detectable naked -eye 

trace: if the whole area were sectioned, no doubt 

a scar might be found to indicate the site of the 

old trauma. 

(4) The chemical nature of the pigments in the 

Siderotic Nodule. 

The appearance of the pigments seen in the 

siderotic nodule as stained by haematoxylin and 

eosin has already been described. There are four 

distinct types: 

1. Dark brown amorphous rounded masses, which 

give the iron reaction. This pigment is often 

intracellular as well as extracellular. 

2. Elongated, segmented, bamboo -like, translucent, 

pale, yellowish -green strands lying extracellularly. 

These do not give a strong iron reaction by the 

usual methods using weak hydrochloric acid and are 

variously described by different writers as some- 

times giving the iron reaction and sometimes not. 

3. Fine granular material which is often encrusted 

on the hyaline connective tissue strands of the no- 

dule, and which takes up the haematoxylin stain. 



4. Dark grey or grey black bodies having a concentric 

laminated arrangement like starch grains. 

Chemical Reactions in the Siderotic Nodule. 

For the purposes of this chemical study, frozen 

sections were taken from spleens containing numerous 

nodules. The various reagents were applied while 

the sections were watched under the microscope. The 

following reactions occurred. 

1. A positive iron reaction occurs with potassium 

ferrocyanide and hydrochloric acid. (Prussian blue 

reaction). 

This reaction depends on the presence of free 

"ferric" ions. When iron is present in combination 

as phosphate or carbonate it gives no reaction with 

potassium ferrocyanide alone; the addition of hy- 

drochloric acid, however, forms the readily disso- 

ciable ferric chloride, and the Prussian blue re- 

action occurs. 

2. A positive iron reaction occurs with potassium 

ferrocyanide and acetic acid. 

Ferric phosphate which was soluble in HC1 (a 

"strong" acid) is not soluble in acetic acid 

( "weak "). The positive reaction with acetic acid is 

therefore due to the presence of carbonate. This 

reaction however was a very feeble one. The iron 

is therefore mostly present in the form of phosphate, 



while a little is present as the carbonate. 

3. The addition of potassium thiocyanate and acid 

gives a red colour. This is a further positive test 

for iron (ferric) . 

With potassium thiocyanate and, "weak" acids (see sec- 

tion 5) the granular pigment encrusting the connective 

tissue strands only was stained red. 

4. The Bell-Doisy test for phosphates was positive. 

Macallum's test for phosphate which was used by 

Sprunt was found to present considerable technical 

difficulty owing to the necessity for very accurate 

measurement of the reagents used. The Bell- Doisy(ig2o) 

method was more satisfactory. A blue colour is ob- 

tained when a solution containing hydroquinone , mo- 

lybdic acid and alkaline sodium sulphite is added to 

the nodules. This blue colour is a definite indica- 

tion of the presence of phosphates in the siderotic 

nodules. I am indebted to Professor G. Barger for 

his help in applying this test. 

5. The long rectangular yellowish crystals show the 

following properties: 

(a) They are dissolved by oxalic acid, but not 

by acetic acid. 

(b) They are soluble in hydrochloric acid. 

The solubility in oxalic acid indicates that the 

crystals are composed of iron or a compound of iron. 



For reasons already mentioned, the solubility in hy- 

drochloric acid but not in acetic acid indicates that 

they are composed of iron phosphate. 

These crystals give a variable reaction with the 

Prussian blue test according to various writers. 

Using 5% HC1, the writer has found the reaction is in- 

variably positive. With 1/ó HC1, the reaction may be 

only faint and confined to the margins of the crystals. 

With .5% HCl the crystals give no red reaction with 

potassium thyocyanate but the addition of 5% HC1 

brings up the reaction immediately. With weak solu- 

tions of acid therefore, especially when applied for 

a short time, the iron reaction may not be obtained. 

6. Haematoxylin, applied to frozen sections, does not 

stain the rectangular crystals for the most past, but 

well- marked dark blue staining is produced in the other 

parts of the nodule. 

Sprunt claimed that this reaction was due to the 

presence of calcium, as it persisted after the removal 

of iron by half saturated oxalic acid. In the nodules 

examined by the writer, however, the reverse was the 

case. On removal of iron by oxalic acid, no further 

reaction to haematoxylin took place. This is in accor- 

dance with the findings of Cameron, Muehlmann, and 

others that haemotoxylin indicates the presence of 

iron, and is not a test for calcium. 



In order to test whether haematoxylin was more 

sensitive to the carbonate than the phosphate of iron, 

the carbonate was removed from the sections by acetic 

acid and washing. It was found that this procedure 

had no effect in preventing the appearance of the hae- 

matoxylin reaction. Since the crystals of iron phos- 

phate do not take up the haematoxylin very strongly, 

it appears that iron is present in forms other than 

phosphate and carbonate. 

7. Small amounts of a coarsely granular yellowish - 

brown pigment remain after removal of the phosphate 

and carbonate of iron by HC1. 

This however is removed by oxalic 

more slowly than the iron phosphate crystals, and 

after treatment with HCl, it will give the prussian 

blue reaction It does not give the haematoxylin re- 

action however. There is no doubt of its iron nature, 

and the fact that it is sparingly soluble in HC1. 

Certain oxides and hydroxides of (ferric) iron possess 

this property of very slight solubility in acids, and 

it is possible that the pigment under consideration is 

one of these. 

8. Von Kossa's test applied to the nodules gives a 

marked reduction of silver on the iron phosphate crys- 

tals and also on the other pigment particles. 

As Cameron has noted, positive reactions are ob- 
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tained with calcium and ferric salts as well as with 

salts of other elements such as strontium and barium, 

which are unlikely to occur naturally in human tissues. 

After the removal of the iron salts by means of oxalic 

acid there is virtually no reduction of silver by this 

test. There is therefore no deposit present which is 

likely to be calcium. 

9. The application of alizarin. S. gave no pink reaction. 

The addition of such mordants as phosphomolyb dic acid 

and. potassium alum failed to produce any reaction. 

Cameron has shown that alizarin is a specific test 

for inorganic calcium, although some difficulty may be 

experienced especially with older deposits. The iron 

deposits gave a blackish colour which may mask the cal- 

cium reaction. Even after removal of iron by oxalic 

acid, no pink colouration could be obtained. There is 

therefore no positive evidence of the presence of cal- 

cium in the numerous nodules examined. 

To sum up we may say that the long rectangular yellow 

crystals consist of ferric phosphate, -while the yel- 

lowish -brown rounded masses possibly consist of ferric 

oxide or hydroxide. The other pigments staining with 

haematoxylin also contain iron, some of which is defini- 

tely present as carbonates. The granular pigment en- 

crusting the connective tissue strands is probably 



carbonate of iron. 

We have been unable to confirm the presence of 

calcium which was claimed by Sprunt. An examination 

of the methods which he used to test for the presence 

of this substance shows that they were not sufficient- 

ly accurate. In denying the presence of calcium our 

findings are in agreement with those of Gigon (quoted 

by Macallum, 1924) and Jager (1931). 

DISCUSSION. 

We now return to the consideration of our main 

problem - namely the details of the process of forma- 

tion of the siderotic nodule and the various other 

results which may follow upon a perivascular haemorr- 

hage in the spleen. We can consider the process un- 

der two headings: 

1. TEE FIBROTIC PROCESS: 

2 THE PIGMENTARY CHANGES: 

1. The Fibrotic Process. In this respect it should 

be noted that a periarterial haemorrhage of the type we 

have described is probably intermediate in nature be- 

tween a simple haemorrhage and an infarct. The simple 

haemorrhage of the type we produced in animals forms a 

lake of blood banked by spleen cells, and containing nu 

surviving cells of this type. The red infarct on the 

other hand contains a mass of dying spleen cells as 

well as blood. The perivascular haemorrhage occurring 



in the pathological spleens under consideration consists 

when small of a considerable amount of blood, enmeshed 

among a number of spleen cells which probably survive, at 

least for a time, especially at the margin of the hae- 

morrhagic area. The process of fibrosis resembles that 

occurring at the edge of an infarct, and may be stimula- 

ted to some extent by the death of some spleen cells in 

the centre of the haemorrhagic area Provided the area 

taken up by the haemorrhage is relatively small, all 

the blood or blood pigment may be readily removed simul- 

taneously with the process of fibrosis. As the fibrotic 

area ages, it tends to become hyalinised. It retains, as 

a rule, a concentric arrangement, and some blood remains, 

caught in the interstices. 

2. The Pigmentary Changes. The chemical studies shown 

above seem to demonstrate conclusively that all the pig- 

ments which occur are constituted essentially by deriva- 

tives of iron. The origin of these pigments - all of them 

entitled to the term "haemosiderin" - is obviously haemo- 

globin. 

It is difficult here to state the exact process 

which is at work. The formation of the pigments if a 

more complex crystalline appearance seems only to take 

place in the centre of relatively large haemorrhages, 

(see Fig. /8).The pigment which occurs most commonly, 

and which is often present to the exclusion of the other 



5-0 

types, is the golden yellow granular material - consisting 

most probably of ferric oxide. It is possible that this 

pigment is the precursor of the other types which may 

be derived from it by further chemical change. On the 

other hand both ferric oxide and ferric phosphate may be 

derived from a common precursor such as ferric carbonate. 

This, however, is mere speculation. 

The details of the disintegration of haemoglobin 

into its derivatives are not yet settled and possibly 

the process may vary according to the circumstances 

in which disintegration takes place. Rich and Bumstead 

(1925) appear to favour the view that the process of break- 

down of haemoglobin occurs intracellularly, and there 

seems to be little doubt that bile pigments have been 

identigied conclusively in the reticulo -endothelial 

cells by these workers and also by Aschoff (1931)). 

On the other hand Leschke (1921) demonstrated the 

presence of ferments causing the change of haemoglobin 

into bilirubin in cell -free (centrifuged) cerebro -epi- 

nal fluid into which red blood corpuscles had been 

previously injected. The major part of the work on this 

problem tends to support the view that the process of 

disintegration of haemoglobin takes place for the most 

part extracellularly (Rueck 1921) There is no real proof 

that the intracellular disintegration of haemoglobin from 



ingested red corpuscles is not a misinterpretation of 

the appearance which may be caused by the phagocytosis of 

damaged red corpuscles along with their disintegration 

products. It should be noted, however, that van den 

Bergh (1918) is against the tthumoral" theory of the ori- 

gin. of bilirubin. 

This question of bilirubin formation is intimately 

bound up with the fate of iron in effusions of blood. 

:Heck shows that the histological study of the break- 

down of haemoglobin is beset with difficulties when he 

points out that in dilute solution both iron and bili- 

rubin can be rapidly removed and excreted. It has been 

suggested (Neumann, 1904) that frequently in a blood ef- 

fusion either haematoidin crystals or haemosiderin gra- 

nules are visible, but not both. The nature of this 

reciprocal relationship is not understood. Neumann 

suggested that haemosiderin only becomes visible when 

the effused haemoglobin is in contact with living tissue 

at the margin, while haematoidin tends to be deposited 

in dead or dying tissues. Haemstoidin is formed extra - 

cellularly (isomeric with bilirubin). Granular hae- 

mosiderin. may be formed intracellularly in living 

cells, after the diffusion into them of soluble iron 

salts. This question is not yet settled. 

From the direct observations we have been able 

to make, it would appear that the crystals of iron 



52 

phosphate tend to appear in the central parts of large 

haemorrhages, where there is little likelihood of con- 

tact with living cells. Granular haemosiderin (ferric 

oxide ?) tends to occur in contact with, or even within, 

living cells. Whether the granular haemosiderin which 

lies in the interstices of the connective tissue (Fig.u) 

has been formed extracellularly or has been formed in- 

tracellularly and has been extruded, it is impossible 

to say. 

The Organisation of intrasplenic haemorr'.ces . 

As we have seen in the experimental animals, effused 

blood or the blood in a red infarct, becomes laked and 

the iron moiety of the haemoglobin is taken up by the 

cells at the edge, within a few days. The second stage 

follows in which cellular connective tissue is formed, 

the fibroblasts often being derived from cells previous- 

ly containing iron, which they may retain on assuming 

their new function. Haemosiderin pigment is also found 

in the interstices of the new connective tissue. Whether 

this is extruded from cells or formed extracellularly 

cannot as yet be decided. 

In the pathological spleens we have noted that the 

process varies according to the size of the periarterial 

haemorrhage and that the process is intermediate between 

a haemorrhage and an infarct. 

The process of organisation of a small periarterial 

haemorrhage has been outlined (p. ). Any pigment li- 
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berated from the effused red cells tends to disappear - 

probably by a process of simple diffusion (Hueck. ) 

All the red cells, however, are not lysed as a rule, and 

some remain to lie in the interstices of the new connec- 

tive tissue which forms around :the .. artery. 

When the haemorrhage is larger, haemosiderin pig- 

ments are formed and come to lie either inside the cells 

of the spleen pulp or in the chinks of the connective 

tissue which is formed by these cells. In the central 

parts of a large haemorrhage the haemosiderin pigments 

assume different chemical forms - phosphate and carbonate 

of iron. What the original chemical state of the iron 

may be is unknown, but it is probable, following Hueck's 

idea, that the precipitation of these iron pigments de- 

pends on a greater local concentration in the centre of 

large blood effusions. Such high concentration might 

be caused by local difficulties of absorption. 

The formation of these pigments precedes any definite 

connective tissue formation in this immediate neighbour- 

hood. Definite connective tissue fibres are however form- 

ed in a week or two, and the pigments are caught in the 

interstices and become encrusted on the hyaline connec- 

tive tissue strands. 

It has been noted that the iron phosphate crystals 

sometimes appear to be encrusted on the hyaline wall of 

the central artery. There would appear to be a definite 



affinity of hyaline tissue for iron salts, and the 

precipitation in this site is probably determined 

early. The hyaline arterial wall is there to be soaked 

by any iron salts which form in its immediate neighbour- 

hood, while the formation of new connective tissue and 

its hyalinisation occupies a month or two (Fig.2q). 

The formation of giant cells in the siderotic nodule 

is probably similar to the formation of giant cells in 

relation to foreign bodies. The foreign body in this 

instance is of course the local crystalline pigmenta- 

tion. 

The site of origin of the periarterial haemorrhage. 

There is little doubt that the bleeding takes place 

in the first instance from the ellipsoidal capillary. 

We have seen the effusion begin at this site. (Fig.2i) 

Further indirect evidence is afforded by the frequency 

with which the haemorrhage and fibrosis occur immediately 

round the malpighian body. As previously noted,this is 

the site at which the penicillar arterioles end. Hae- 

morrhage and subsequent fibrosis would occur at this site 

if the bleeding occurred round these penicillar arter- 

ies or their terminations. 

The cause of the haemorrhage will be discussed la- 

ter. (p.6q) 

Before leaving the subject of siderotic nodule, 

there is one other fact which is deserving of brief 



Fig.30. I ray photograph of a portion of a spleen 
with numerous siderotic nodules. The nodules 
are opaque. 



mention. Although we have not been able to confirm the 

presence of calcium in the nodule, the iron compounds 

with which it is impregnated render it opaque to X -rays. 

The appearances are definitely positive when an excised 

spleen is X- rayed, but we have not had an opportunity 

of searching for the nodules by this method with the 

spleen in situ in the living subject. While the possibi- 

lity is of some interest, it is doubtful if the procedure 

would be of much aid in diagnosis as the nodules are seen 

in a great variety of different pathological conditions 

in which the spleen is enlarged. 
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Chapter 2. 

VASCULAR PATHOLOGY. (continued) 

Having discussed the site of origin and the fate of 

the perivascular haemorrhages which occur in hepatolie- 

nal fibrosis, we now turn to a different, though related, 

aspect of the vascular pathology - the venous changes. 

These changes will be described under two main headings: 

1. PORTO- SPLENIC ENDOPHLEBITI.L AND THROMBOSIS. 

2. DILATATION OF THE VENOUS SINUSES OF THE SPLEEN. 

1. Porto -splenic endophiebitis and thrombosis. 

The association of gross disease of the portal and 

splenic veins with liver cirrhosis is a well known text- 

book fact, and Banti noted it in his descriptions of 

"Banti's disease ". Portal sclerosis was known to Vir- 

chow, but the first intensive studies of the condition 

were carried out by Borrmann (1897) and Simmonds (1912). 

These authors pointed out that disease of the portal 

vessels was independent of changes in the systemic arter- 

ies or veins, and that it occurs relatively frequently 

in youth, when changes in the systemic vessels are rare. 

They expressed the opinion that the different physical 

and chemical conditions in the portal system as compared 

with the systemic veins must have some relationship to 

its incidence. 
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Pathological Observations. 

Out of the forty one instances of hepatolienal fibro- 

sis under discussion, evidences of portal endophleb itis 

with or without thrombosis were found in six. (Cases I to 

VI inclusive). In five of these the condition was obser- 

ved macroscopically either at operation or at autopsy. 

In the remaining instance, (Case II.) portal endophlebi- 

tis was only found after a systematic microscopic search. 

This microscopic search was carried out in six spleens 

in which Hiked -eye examination showed no sign of any 

gross vascular lesion of the portal tree; in five of 

these no vascular disease was found. It must be noted 

that the endophlebitis found in case II was discovered 

only by chance, as sections taken from other vessels 

at the hilum of the spleen in the same case showed no 

lesion. This finding in itself suggests that in hepato- 

lienal fibrosis early changes in splenic veins are 

probably present with greater frequency than is generally 

suspected. 

Taking the early changes found in case II, the find- 

ings are as follows (Fig.3!): 

The wall of the vein in general is somewhat thicken- 

ed, the muscular tissue of the wall being slightly in- 

creased in amount. Occupying one side of the vein is 

a thickened plaque of intima overlying an area where 

the muscular coat is definitely thinned out. The deep- 



Fig.31 (low power) Smallrvein from the hilum of 
the spleen of case II. Note the thickened plaque 
of intima overlying a thinned-out portion of the 
media, and the splitting of the internal elastic 
lamina. 



er layers of the plaque consist principally of rather 
loosely arranged fibroblasts lying among strands of de- 

generated or hyaline connective tissue, the strands being 

cut in transverse section for the most part. In the 

more superficial part, i.e. next the lumen, the struct- 

ure remains much the same with the addition of numerous 

wavy elastic laminae parallel to the surface. Inter - 

mingled with these there are elongated fibroblasts with 

many connective tissue fibres. 

On purely histological grounds we cam make the 

following statements. Firstly, there is no microscopic 

evidence of any round- celled reaction to suggest a 

syphilitic or other chronic infective process, and 

there is no vestige of any more acute infection. 

There is no history of trauma. Secondly, there is a no- 

table absence of foam cells or vacuolated cells such as 

are found in cases of nodular atheroma. It seems un- 

likely that the process has an inflammatory or a meta- 

bolic origin. The changes resemble those occurring in 

arteries in conditions of high blood pressure. It 

appears as if a reactive increase of the supporting 

elements of the vessel wall had taken place in res- 

ponse to raised intravascular pressure. The dege- 

nerative changes in the deeper parts of the plaque may 

be accounted for by poor blood supply, the same being 

responsible for the thinning of the muscle at this point, 

It is presumably in the degenerated connective tissue 

in the deeper parts of the plaque that calcification 



Fig.32 . (x 21) Splenic vein from case I. Note 
the great connective tissue thickening of the intima 

with increase of elastic tissue fibres, 

Fig. 33. (439), Section of a small vein from 
the hilum of the spleen of case VI. Note the 
thickened intima (i) as contrasted with a 
portion of normal intima seen on the extreme 
left. 
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might begin later. Such a thickened intimai plaque to- 

gether with a congested and sluggish portal circulation 

would also predispose to thrombosis. 

A more advanced stage of the endophlebitic change 

is seen in Fig.32 , taken from Case I, in which old stand- 

ing thrombosis in various parts of the portal tree was 

found at autopsy. The process in this case had involved 

the large veins, and we find a more obvious development 

of intimai changes. There appears to be an increase of 

the connective tissue stroma between the muscle bundles 

of the media. The intima has undergone a connective 

tissue thickening with an increase of elastic fibres, 

the changes being much more pronounced than those in 

Case II. 

The sections from the splenic vein of case VI 

showed similar changes in the vein wall, but with the 

superaddition of thrombosis. The muscular coat of the 

vein wall was thinned out under a plaque of connective 

tissue thickening. On the surface of the thickened 

intima thrombosis was superadded. Fig.33 shows the 

changes in a small vein from the same case. 

2. Dilatation of the venous sinuses of the spleen. 

Before we discuss this change, let us first consider 

the anatomical and histological character of the normal 

spleen pulp. It is best to consider these features 

in a logical sequence, with reference to Hueck's diagram 



Fig.34: Diagram of the spleen 
lobule (Hueck). This represents 
the natural state. The venous 
sinuses are only seen at the peri- 
phery, and are narrow, while the 
pulp network occupies the major 
part of the lobule. 

Fig.3(ô. (x 130) Spleen of a 
child aet 6 mos. injected with 
formalin via the artery. The 
pulp network is evenly filled 
and distended, while the venous 

, sinuses can scarcely be distin- 
guished. This corresponds to 
fig. . 

Fig.35. Diagram of the spleen 
in venous congestion. The 
venous sinuses are distended 

encroaching on the space pre- 
viously occupied by the pulp 

network, and the pulp is c 

crushed into a small space 
round the Malpighian body. 
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Fig.37. (x 100) Spleen of a 
child aet 5 mos. injected with 
formalin via the vein. The 
venous sinuses are markedl3 
dilated and the intersinuous 
pulp tissue is crushed and 
condensed round the Malpigh- 
ian body. 



of the spleen lobule. (ï ig .1,. 5) 

The blood, leaving the arteries in the immediate 

neighbourhood of the Malpighian body which lies in 

the centre of the lobule, passes into the pulp spaces. 

These spaces are like the interstices of a sponge: 

they communicate freely with one another, and the 

spongework is held together by the branching processes 

of the pulp cells. The pulp cells themselves vary some- 

what in size and appearance, according to their state 

of activity at the moment. The nucleus is usually 

rounded or oval, clear, with a few chromatin threads, 

while the cytoplasm is scanty. When the cells happen 

to be detached and lying free in the sinuses, their 

cytoplasm is more abundant, both cell and nucleus being 

rounded off, and the cell has the appearance of a 

macrophage. Only a few of the cells are definitely 

elongated and these resemble fibroblasts. In this 

loose meshwork the blood percolates slowly and is ul- 

timately collected into more definite channels, the 

venous sinuses, which lie at the periphery of the lo- 

bule. These sinuses can - usually be recognised as de- 

finite channels in the spleen pulp, especially ir. the 

neighbourhood of the trabeculae. 

The cells which line them are somewhat elongated and 

have an oval nucleus which bulges into the lumen of the 

sinus. The lumen may contain one or two "active histiocy- 



4-( 

tes" (rounded potential macrophages). When stain- 

ed by Bielschowsky's silver impregnation methods 

the whole spleen pulp is seen to be supported by 

a delicate framework of reticulin, and this is es- 

pecially developed in the walls of the venous sin- 

uses. Here the reticulin is thicker than else- 

where and transverse fibres can be seen to sup- 

port those which run longitudinally, somewhat as 

the hoops of a barrel support the staves. 

Although the sinuses are usually seen in an 

ordinary section at the periphery of the lobule 

and are more difficult to distinguish towards 

the centre, venous congestion or distension of 

the spleen by a fixative fluid injected into the 

vein, will so distend the venous sinuses that 

they encroach upon the area usually occupied by 

the pulp and extend centripetally as far as the 

Malpighian body. We thus see a section in which 

the sinus lumina alternate with intersinuous tis- 

sue consisting of compressed pulp. This state of 

affairs is illustrated by the diagrams and photo- 

graphs. (Figs . 3'y 35) . 

In thirty nine of the forty one spleens from 

cases of hepatolicnal fibrosis, the venous sinuses 

of the spleen shewed one of the following types of 



Fig.38. (x l00) from caseXXVII.. 
The venous sinuses are dilated , and the pro- 
jection of the cell neclei into the sinuses 
gives the latter a "feathery" appearance. 

Fig.3q. (x 280) from Case XII. 
Note the dilated venous sinuses with increased 
tiickness of the supporting fibrils in their 
walls. 



change. 

1. DILATATION OF THE SINUSES. 

2. DILATATION OF THE SINUSES WITH INCREASE OF 

COLLAGEN IN THEIR WALLS: 

1. Simple sinus dilatation varied greatly in degree 

in the different spleens examined. In every ins- 

tance the sinuses were distinctly dilated in the im- 

mediate neighbourhood of the trabeculae,and could 

usually be seen as definitely dilated channels ex- 

tending centrally towards the perimalpighian zone. 

In some cases the sinus dilatation was extremely 

marked, giving the spleen an "empty" appearance. In 

table Î( , a mild degree of sinus dilatation is in- 

dicated by "d ", and "D" is used when the dilatation 

is pronounced. 

Simple dilatation of the sinuses without con- 

nective tissue increase leads to a "feathery" ap- 

pearance of the sinus walls. This is shown in 

fig. 38' The appearance is due to the cellularity 

of the walls, the projecting nuclei of the cells 

lining the sinuses giving the "feathery" edge. 

In the late stages of the disease the cellu 

larity of the sinus walls undergoes an apparent 

diminution owing, mainly, to the elongation of the 

cells which thus become less prominent. 



Fig.4O. (x 250) from case .XXXIV. 
Note the dilatation of the venous sinuses. 
The dark fibres indicated by (f) took up 
the red van Gieson stain, and are presumably 
thickened reticulin fibres. 

(x 1900. From case XXIV. 
Note the dilated sinuses, with definitely 
collagenous walls. 
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2. The next stage appears to be collagenisation of 

the dilated sinus walls. Stained with van Gieson a 

little newly formed collagen is seen in the sinus 

walls, and in the later stages the collagen may be 

a pronounced feature. The early and late stages of 

collagenisation of the sinus walls are indicated in 

table by "f" and "P" respectively. 

It is to be noted that the process of collageni- 

sation of the sinus walls differs from "fibrosis ". 

In fibrosis, which may be illustrated by that occur- 

ring in the organisation of a perivascular haemorr- 

hage, we have a transformation of the cells in a lo- 

calised area into elongated fibroblasts. An area of 

cellular connective tissue is formed in which colla- 

gen fibres are laid down by the fibroblasts. By 

contrast, collagen appears in the walls of the dila- 

ted sinuses without any fibroblastic transformation 

of the spleen cells. 

The process in the pulp is evidently not primari- 

ly fibrotic in nature as such a process would tend to 

produce shrinkage rather than enlargement of the 

spleen. The spleen pulp never assumes the appear- 

ance of scar tissue in this disease. 

Apart from these changes in the venous sinuses, 

there are no other changes in the pulp as a rule. 

There is no cellular alteration of notes the cells 



retaining their normal appearance for the most part. 

Very occasionally a multinucleated giant cell may be 

seen, but they are usually solitary and isolated. 

There is no evidence of iron or other pigment in 

the spleen pulp and myeloid metaplasia is absent. 

The evidences of portal venous congestion. 

In seeking a common factor to account for chan- 

ges in the venous system of the spleen and the por- 

tal system of veins into which it drains, we natur- 

ally think of portal congestion, a time - honoured 

association of hepatic disease. 

The evidences of portal congestion to be found 

in cases of hepatolienal fibrosis under discussion 

are many. If we refer to table Tr, we find that 

the thirty nine cases showing vascular lesions 

may be classified as follows: 

Of 39 cases of Hepatolienal fibrosis showing 

vascular lesions: 

Varicosity, enlargement or thickening of 
the veins in the spleen hilum; or dilatation 
of the collateral circulation between the 
portal and systemic veins occurred in.... 22 

Of the remaining 17 cases, ascites 
occurred in.... 2 

Of the remaining 15 cases, 
Haematemesis or melaena occurred in.... 

Of the remaining 10 cases, 
Marked cirrhosis 

Of the remaining 8 cases, 
Early liver changes 

5 

occurred in 2 

occurred in..... 5 
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None of these lesions was shown by the remaining 3. 

There is thus direct evidence of the anatomical 

effects of venous congestion, in 22 out of 39 cases. 

In the remainder, the veins are not mentioned, in 

the operation or autopsy notes; nevertheless, possi- 

ble effects of portal congestion. (haematemesis and 

ascites) occur in 7; while possible causes of portal 

congestion (gross cirrhosis or early hepatitis) are 

present in 7. E.xpressed in percentages: 

Definite evidences of portal congestion 56.40 

Possible effects of portal congestion 18.0% 

Possible causes of portal congestion 18.0% 

No evidences to suggest portal congestion 7.6% 

DISCUSSION. 

As we have already mentioned in describing the 

early endophlebitic changes (p.' ),the intimai hy- 

pertrophy which occurs is neither atheromatous nor 

syphilitic. The former negation is suggested by 

the absence of "foam" cells characteristic of athero- 

ma, while the latter is indicated by the absence of 

round celled infiltration of the media. Rather do the 

findings correspond to those occurring in the arter- 

ies in high blood pressure. Turnbull (1915) pointed 

out this type of intimai hypertrophy in general high 

blood pressure, and also in such a local high blood 
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pressure as that found. in the pulmonary arteries in 

mitral disease. 

The only other condition apart from high blood 

pressure which may lead to a similar intimal hyper- 

trophy is local weakening of the vessel wall by dis- 

ease primarily affecting the media. In such cases 

definite histological evidence of syphilitic inflam- 

mation is nearly always present in the media. In 

the absence of such signs of inflammatory change in 

the sections at our disposal it seems apparent that 

increased intravascular strain is the most probable 

cause. Adami (1912) also writes that "phleboscler- 

osis is not associated with any inflammatory condi- 

tion, but is a strain fibrosis not due to irritation". 

Dilatation of the venous sinuses of the spleen 

is in itself very suggestive evidence of venous con- 

gestion. Jager (1931), in experiments to be descri- 

bed later, was able to maintain a condition of portal 

congestion in animals for periods up to two years. 

In sections taken from the spleen at the end of these 

long periods he found the picture to be dominated by 

the venous sinuses which were markedly dilated. The 

reticulin in the walls of the sinuses was irregularly 

thickened and the thickening of the reticulin fibres 

was p.oted to give way to collagenisation. 

It appears therefore that not only the venous 



Fig.k2. (x 570) Kidney of guinea pig. 
Basement membrane stained by Foots silver stain 
fb. reticulint (left) and by van Gieson for 
collagen (right). Note that the basement 
membrane take up both stains. 



sinus dilatation but also the formation of collagen 

in the sinus walls may be referred to venous conges- 

tion. The formation of collagen from reticulin is 

probably merely reactive thickening of the support- 

ing fibres in response to strain. 

In his views on the relation of reticulin and col- 

lagen, Jager obviously subscribes to the view of 

Nageotte (1930) who maintains that these two substan- 

ces are essentially identical. In using Bielschows- 

ky's silver impregnation methods for staining reticu- 

lin, the writer has frequently noted that fibres which 

take up the silver particles also stain red with van 

Gieson. An example of this may be found in the kid- 

ney tubules where the basement membrane takes up the 

silver strain and may also be stained red by van Gie- 

son. 

The factor which determines the identification of 

a fibre as reticulin or collagen appears to be its 

thickness. Very fine fibres will take up the silver 

deposit strongly, but will be only feebly stained by 

van Gieson. Thick fibres on the other hand are stain- 

ed a deep red by van Gieson, but do not show the sil- 

ver stain at all. Intermediate stages are of course 

found where the fibre is sufficiently fine to take up 

the silver stain, and is yet stained definitely red 

by van Gieson. 



We may take it therefore that thickening of the re- 

ticulin fibres in the spleen will lead to their col - 

lagenisation. As we have already indicated the forma- 

tion of collagen in the sinus walls in no way resem- 

bles the process of cicatrisation. The collagen ap- 

pears to be formed independently of any local fibro- 

blastic transformation. Jager, in his experiments, 

noted that, in spite of the formation of collagen in 

the sinus walls, the reticulum cells of the spleen 

preserved a normal appearance. The retibulin thick- 

ening which occurs is therefore independent of local 

cellular changes, and is probably a result of increa- 

sed intravascular strain in the sinuses of the spleen. 

Matsui (1915) traced the changes in the reticulin 

framework of the human spleen in various disease con- 

ditions. In spleens from "Banti's disease ", cirrhosis 

of the liver and syphilitic interstitial hepatitis, 

he found that the reticulin fibres underwent a marked 

increase in number and became definitely thickened. 

There is thus ample evidence that the new formation 

of collagen in the sinus walls takes place from the 

thickening of retibulin fibres. The evidences of 

portal venous congestion are so strong that the writer 

accepts it as a fundamental feature in the pathology 

of hepatolienal fibrosis. In concluding this dis- 

cussion of the vascular pathology of the disease, it 



only remains to note the relationship of the periar- 

terial haemorrhage to the portal congestion. 

It has already been noted (p.If) that in attempt- 

ing to force fluid through the spleen from the venous 

to the arterial side, a block occurs at the "critical 

point" of the circulation - namely the termination of 

the penicillar arterioles. In the event of venous 

congestion being sufficiently severe to lead to hae- 

morrhage in the spleen, it is at this point that the 

effusion of blood would most probably occur. 

As an experimental confirmation of this probabi- 

lity, Jager found typical siderotic nodules and hae- 

morrhages in the spleen in experimental portal venous 

congestion. It appears therefore that we are able 

to correlate portal venous congestion,not only with 

endophlebitis of the splenic vein and dilatation of 

the venous sinuses of the spleen with collagenisation 

of their walls, but also with the periarterial haemorr- 

hages and their further developments - periarterial 

fibrosis and siderotic nodules. A case of simple 

obstruction of the portal vein will be described 

later in which these changes in the spleen were well 

illustrated. 
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Chapter 3. 

TEE RELATION BETWEEN PORTAL CONGESTION AND 

SPLENIC ENLARGEMENT. 

It has long been recognised, and the point was stres- 

sed by Oestreich (1895), that the spleen of chronic 

venous congestion of cardiac disease is essentially 

very different from that in hepatic cirrhosis. Pri- 

bram (1902) showed that in experimental splenic vein 

congestion in dogs, the spleen did not remain perma- 

nently enlarged, but tended rather to shrink. As 

an explanation of this he assumed an active contrac- 

tion of elastic and muscular elements. In the absence 

of strongly developed muscle fibres in the human spleen 

as compared with that of the dog, there is not the 

same ability to counteract the effects of congestion. 

There is, however, another factor which he did not 

consider, namely the diminution in arterial inflow to 

a part, the venous outflow of which is obstructed. 

(Wilson, 1933). 

Artificial venous congestion was used by the ori- 

ginal workers on the microscopic anatomy of the spleen, 

in their attempts to settle the question of a "closed" 

or "open" circulation. Basler (1863) found that even 

when he had distended the "veins" of the spleen pulp 



with blood the pulp meshes could not be filled with 

red blood -cells. Sokoloff (1888) took up the subject 

again and confirmed the findings of Basler. The pulp 

spaces could not be filled by venous congestion, and, 

in fact, the pulp cells between the sinuses appeared 

to be more sparse than usual. He took it that the 

cause of this apparent paucity of pulp cells was a 

collection of oedema fluid which had filtered out 

from the dilated sinuses, while diapedesis of red 

cells occurred only after some time. Iviollier (1910) 

maintained that the spleen circulation was essential- 

ly "open ", but Sokoloff, as a result of his researches, 

took up the opposite view. The method used by Soko- 

loff to decide the question is open to criticism, 

but the observations arising therefrom as to the ap- 

pearances of the venous sinuses are of interest in 

the question in hand. With regard to the size of the 

spleen after obstruction of the splenic vein, obser- 

vations made by various workers have shown that the 

enlargement is only temporary and soon disappears. 

(Eppinger, 1920, Wicklein, 1891, Pribram, 1902). 

The effect of distending the spleen via the veins 

by a fixative solution (formalin) is shown in Fig.-3'i. 

The venous sinuses are dilated and appear to fill up 

the whole lobule as far as the outer margin of the Mal - 

pighian body. As Weidenreich (1901) pointed out, the 
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venous sinuses are the most distensible portions of 

the spleen, and they may become so rapidly distended 

that they press upon and collapse the pulp spaces be-e 

tween the sinuses. 

In the general chronic congestion of cardiac 

failure, this type of anatomical picture does not per- 

sist for any appreciable time. The venous sinuses 

are dilated at first as described. The later course 

of the splenic enlargement is modified by various fac- 

tors. Hueck (1929 -30) points out that in general; 

chronic venous congestion all exits from the spleen 

have their pressure raised, whereas in portal conges- 

tion, other exits from the spleen are still possible. 

Further, the arterial filling of the spleen is inter- 

fered with by the defect in the output of the heart. 

The spongework of the spleen becomes choked with red 

blood corpuscles, the arterial filling of the spleen, 

defective to begin with, becomes further cut off as 

a result of the venous obstruction,and stagnation oc- 

curs. The spleen becomes literally shut out of the 

circulation. It loses its storage material (iron, 

lipoids, etc.), and becomes atrophic. The lymph 

nodes are small, the trabeculae are relatively in- 

creased in numbers and there is a general increase of 

connective tissue at the expense of the pulp. The 

condition is well known as cyanotic induration. 
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It has frequently been claimed that portal obs- 

truction and portal thrombosis may cause chronic 

splenomegaly. 

Warthin (1910) made a careful analysis of the 

cases of porto-splenic thrombosis described in the 

literature up to that date. he showed the extremely 

frequent association of thrombosis of the splenic vein 

with splenomegaly and with liver cirrhosis. He il- 

lustrates fibrotic changes produced in the spleens 

of experimental animals as the result of portal obs- 

truction, These bear some resemblance to the histo- 

logical appearances in " Banti's disease ". Warthin's 

conclusion is as follows: 

"It is clear that in man the complex of splenic 

anaemia and Banti's disease, as formulated by Osler, 

is, in certain cases, if not in all, the result of 

an obstruction to the splenic and portal circulation, 

particularly the former, and that this obstruction 

is most commonly the result of an old thrombophlebi- 

tis of the portal vein and its radicles. . . 

"Until it has been definitely shown that the 

splenic anaemia or Banti's disease complex can exist 

without any evidence of obstruction of the portal 

or splenic vein, then my conclusion must hold that 

the complex is no disease entity." 

The theory that thrombosis of the portal or splenic 



vein may be a cause of splenomegaly with anaemia seems 

to have become established in many English and Ameri- 

can textbooks, and the literature abounds with des- 

criptions of cases considered to be of this type. 

Careful descriptions are given by Krull and Lossen 

(quoted by Mennet, 1920) Grtitzner, (1913) , and Oet- 

tinger and Fiessinger (1907). 

In all these cases the spleen was enlarged, 

varying in size from sixteen to forty three ounces; 

portal thrombosis was present in all; liver cirrhosis 

was present in many cases but absent in others. 

Oettinger and Fiessinger were actually of the opinion 

that in one of their cases portal thrombosis was res- 

ponsible not only for the splenomegaly but also for 

the liver cirrhosis. 

Wohlwill (1925) studied sixteen cases of portal 

thrombosis. The most notable of these was a patient 

with portal thrombosis but without any splenic en- 

largement. He considered that trauma at a previous 

operation and alcoholism were the responsible etio- 

logical factors in this case. 

This observation emphasises two important points. 

Firstly, portal thrombosis can occur without spleno- 

megaly. Secondly, if we are to accept portal throm- 

bosis as a primary condition responsible for other 

changes, we must discover some cause for the portal 

thrombosis. 
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Among the etiological factors indicted in portal 

thrombosis, trauma is commonly included. Ledingham 

(1909), writing in Allbutt's System, says:- 

"-Many cases which showed symptoms of splenic anae- 

mia or Banti's disease have presented a history of 

previous severe abdominal injury, and thrombosis of 

the portal vein with consequent splenomegaly, anaemia, 

and moderate cirrhosis of the liver has been proved 

on several occasions to follow injury." 

The extreme rarity with which thrombosis of the 

auperficial veins of the limbs results from the nu- 

merous knocks and bumps of every-day life, together 

with the deep -seated, well protected situation of the 

portal vessels, must be sufficient to make us exceed- 

ingly sceptical about any such cause. 

Syphilis is another much quoted cause. It is 

certainly a factor in some cases of syphilitic cirr- 

hosis and syphilitic splenomegaly, but in such cases 

portal thrombosis may occur as a secondary phenome- 

non. In any case syphilis cannot be seriously consi- 

dered as a cause of phlebitis of the portal vein un- 

less there is very suggestive local microscopic evi- 

dence of the disease. 

Various inflammatory affections of the alimentary 

canal can, of course, lead to suppurative pylephlebi- 

tis, and it is just possible that mild infections may 



Fig.ur3. (x 300) Atrophied and fibrosed spleen of 
rabbit 42 weeks after ligature of s lenic 
The sinuses are still recognisable p(s). 
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be followed by a non-suppurative phlebitis and throm- 

bosis. 

To ascribe a primary role to portal obstruction as 

a cause of splenomegaly however accords ill with the 

observations already quoted, that portal or splenic 

vein occlusion tends to produce shrinkage of the spleen 

after the initial stage of congestion. It should be 

noted that Warthin, in his experiments on splenic 

vein occlusion in animals, did not obtain splenome- 

galy, although the histological picture bore some re- 

semblance to that found in "Banti's disease ". 

Fig.43 shows the result obtained after ligature 

of the splenic veins in a rabbit, where all possibili- 

ties of the development of a collateral circulation 

had been excluded. The animal was killed 32 days 

after the operation. A small nodule of scar tissue 

was found in the site previously occupied by the 

spleen. In a section the venous sinuses of the spleen 

could be recognised - "dilated and fibrotic" - and the 

great mass of the spleen was replaced by scar tissue. 

In animals where the spleen is large (e.g. the 

dog) occlusion of the venous return leads to necrosis 

of the spleen. 

A valid objection to these experiments is that 

the experimental occlusion of the splenic vein is 

sudden and complete, leading to early cessation 



of the circulation through the spleens In this way 

shrinkage, cicatricial contraction and even necrosis 

are brought about. 

In human pathology we have to deal with either 

chronic continuous or remittant congestion. The most 

important observations up to the present date on the 

effects of chronic congestion are those of Jigger, which 

we have already described in part. his observations 

are so important that we shall take the opportunity to 

quote his methods and observations in some detail. 

In experiments carried out in dogs, Jäger obs- 

tructed the splenic vein to one third of its cross 

section by a ligature to produce continuous conges- 

tion. In pathological portal congestion, condi- 

tions are probably rather different from the continu- 

ous congestion thus produced. Even the anastomoses 

show by their varicose tortuosity that they are not 

adequate for their purpose of conducting the portal 

blood into the systemic circulation. There is pro- 

bably a residuum of congestion left. Any hyperaemia 

in the portal region, such as that occurring during 

digestion must lead to an exacerbation of the con- 

gestion. The portal circulation is then decompensated 

and the collaterals only relieve the situation when 

the flow of blood in the splanchnic area becomes 

less. The portal congestion in hepatic cirrhosis is 
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therefore most probably of a paroxysmal intermittent 

type. 

Experimentally this type of congestion was repro- 

duced in two ways. The portal vein was tied off to one 

third of its cross sectional area, and after a time 

only a sufficient number of collaterals were tied off 

to maintain a state of congestion. In a second group 

of dogs, the blood from the inferior vena cava was led 

through the portal vein by means of a reversed Eck 

fistula. Thus the amount of blood to be transmitted 

by the portal vein was enormously increased. When 

collaterals to the superior vena cava had developed 

sufficiently, the portal vein was tied off completely. 

The congestion was maintained over a period of 6 months 

to 2 years. Portions of the spleen for examination 

were taken at every operation. At the end of these 

long periods the spleen was somewhat smaller than in 

the state of acute congestion produced by the first 

operation. 

In continuous congestion, thickening of the cap- 

sule and trabeculae was especially prominent, while 

the pulp and venous sinuses showed little alteration 

as compared with the normal. 

In remitting congestion, the most striking point 

was not thickening of the capsule and trabeculae, 

but dilated venous sinuses. Thickening of reticulin 
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fibres had occurred in the sinus walls, and typical 

siderotic nodules were seen in the spleen. 

It appears therefore that remittent portal con- 

gestion may lead to enlargement of the spleen, but 

to a degree not exceedir that REaduRed by the ini- 

tial acute congestion. 

An estimate of the weight which might be reach- 

ed by simple venous congestion of the human spleen 

can be made by distending the normal organ with 

saline via the splenic vein. When this is done it 

is found that the spleen enlarges to about three times 

its normal size. With an average adult human spleen 

weighing e.g. 150 grammes, the maximum weight which might 

be reached by means of chronic congestion alone would 

be about 450 grammes. 

It appears obvious therefore that splenic en- 

largements over 1000 grammes which so often occur in 

association with hepatic cirrhosis are not to be 

accounted for by portal congestion alone. When 

hepatic cirrhosis is found along with porto-splenic 

thrombosis and splenomegaly over 500 grammes, the lat- 

ter is not explained by portal congestion. Eppinger 

in discussing thromphlebitic splenic enlargements 

summed up the problem well when he said: "Dass sich 

gleich im Beginne der Stauung ein Milztumor entwick- 

eln kann, ist selbstverstdndlich, warum es aber zu 



einer dauernden Milzschwellung kommt, ist schwer ein- 

heitlich zu erklären. Offenbar spielt hier der Symp- 

tomenkomplex, den wir vielfach unter dem Namen Leber - 

cirrhose zusammenfassen auch pathogenetisch eine 

grosse Rolle ". 

As so many of the recorded cases of portal obs- 

truction are complicated by the coincidence of cirr- 

hosis, an instance of portal obstruction in which 

the liver was macroscopically and microscopically 

normal will be discussed here. 



Emily B. 

Blood. 

Date R.B.C. W.B.C. Hb C.I. N. Lym. M. E. B. 

18.4.22 4,980,000 4,000 70 .7 60 36 3 1 0 

10.6.22 4,200,000 3,000 72 .8 66 21 8 3 2 

15.6.22 Splenectomy 

20.6.22 3,260,000 15,500 58 .8 65 20 9 5 0 

5.7.22 2,060,000 10,000 32 .67 72 25 3 0 0 

10.7.22 3,130,000 13,000 50 .79 65 21 9 4 1 

2.8.22 4,670,000 7,600 72 .8 60 35 1 4 0 

13.10.22 4,450,000 15,000 75 .87 57 37 4 6 1 

9.3.23 5,000,000 13,600 65 .65 45 46 5 3 1 

14.8.23 4,120,000 10,500 79 1.0 43 47 5 4 1 

11.9.23n 3,860,000 12,400 80 .96 35 44 6 3 3 

15.9.27 3,900,000 12,500 78 1.0 51 41 3 4 1 

- .11.27 3,800,000 8,400 76 1.0 56 40 0 3 1 

10,5,28 3,700,000 11,000 80 1.0 63 32 3 1 1 
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CASEXLII. 

Emily B. aet 22: Occupation Book -folder. 

Admitted to hospital: 10.4.22. 

History: The patient states that a year ago swelling 

of the abdomen and lower limbs appeared. About the 

same time menstruation ceased. She has always been 

short of breath but this has become worse during the 

past eleven months. Ten years ago she vomited blood 

and at this time the spleen was found to be enlarged. 

She -has not vomited blood since then. Her appetite is 

usually good. Micturition is scanty in quantity. 

There is no history of alcoholism or of Besidence 

abroad. 

Family History: Mother died of tuberculosis three 

years ago. 

On Examination: The patient is slightly pale. Tem- 

perature 99.5. Blood pressure 130mm. Hg. 

Abdomen: Uniformly distended. There is shifting dull- 

ness in the flanks and a fluid thrill. After removal 
of the fluid the spleen was palpable_ three inches 

below the costal margin. The liver could not be felt. 

Cardio - vascular System: Nil to note. 

Lungs: Crepitations were present at the bases pos- 

teriorly. 

Urine: Albumen present .5A Epithelial & hyaline 

casts. 

(14.9.23. Urea concentration test: 

Urea. 

7 -30 a.m. 0.09% 

Volume. 

48c.c. 

8 -30 " 1.25% 51 " 

9-30 1.1ó 56 " 

10 -30 1.2% 98 " 

15.9.23. Blood urea 4lmgs /100c.c.) 



11.4.22. Paracentesis of abdomen: 22 pints. No orga- 

nisms even on cul- 

ture. 

22.4.22. n " " 30 pints. 

16.5.22. it It " 28 tt 

8.6.22. tt It t, 30 u 

15.6.22. Splenectomy and abdomen emptied of fluid. 

29.6.22. Paracentesis. 14 pints. 

21.7.22. " 13 " 

Blood counts are indicated in the appended table. 

Wassermann Reaction: Negative. 

15.6.22. Splenectomy. The spleen was enlarged to 

about three times its normal size. The liver was not 

examined. The abdominal wall was very vascular on 

account of an extensive collateral circulation. 

Patient made a good recovery and was sent to a 
convalascent home from which she returned on 13.10.22. 

The ascites which had had to be tapped on two occa- 

sions after the operation had now disappeared. 

Oedema of the feet however was still present. Mens- 

truation had returned after being absent for nine- 

teen months. 

2.3.23. Patient was readmitted with dropsy of the 

legs. There was no ascites and liver was not palpa- 

ble. The result of the urea concentration test is 

indicated above, and the condition is now obviously 

renal in origin. 

12.7.23. Some fluid made its appearance in the abdo- 

men. The liver was not palpable. 

6.9.23. Readmitted. Definite ascites and the feet 

swollen. The ascites was slowly reabsorbed and 

patient was again discharged from hospital. In 

December 1929 patient was admitted and died from 

renal failure. 
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Abstract of postmortem notes. There was a great di- 

latation of the right ureter with no organic cause 

that could be found. This was associated with a 

congenital hydronephrosis of the right kidney. The 

left kidney was granular in appearance and showed an 

advanced degree of chronic nephritis. 

The Portal Vein was closed at its hepatic extremi- 

ty. The remainder of the splenic vein was widely 

patent as was also the superior mesenteric vein. 

The superior mesenteric vein joined the splenic to 

form a short ballooned portal vein which ended in 

a cavity at the entrance to the liver. From this 

dilated cul de sac several small vessels passed up- 

wards to the hilum of the liver. The intrahepatic 

veins appeared to be normal. Large dilated sub - 

mucous veins were present in the lower third of the 

oesophagus and there was also marked dilatation of 

the haemorrhoidal veins in the rectum and anus. The 

liver *as natural in appearance and there was no ma- 

croscopic cirrhosis. 

Microscopic Examination of the Liver.: Apart from a 

slight cloudy swelling of the liver cells and a 

small degree of periportal lymphocytic infiltration 

there was nothing to note. There was no increase of 

connective tissue in the liver lobules or around the 

portal tracts. 

The Spleen. 

Microscopic Exami- 
nation. 

Vascular lesions. 

Venous Sinuses. 

Weight 420 grammes. 

Periarterial haemorrhages: peri 

arterial fibrosis: perimalpig- 

hian haemorrhages and fibrosis: 

siderotic nodules all present. 

Dilated with slight increase of 

collagen in the walls. 



Mal-pighian bodies. 

The Pulp Cells. 

Medium sized. Germ- centre seen 

occasionally. 

Showed little abnormality as com- 

pared with the normal except that 

the number of elongated fibro- 

blastic cells in the sinus walls 

seemed to be increased. 
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DISCUSSION. 

The anatomical picture presented by this case of 

a dilated ballooned portal vein ending in a 'cul de 

sac' with small collateral veins developed outside 

its wall, is a marked contrast to the picjture of old - 

standing intravenous thrombosis and recanalisation. 

Not only was the familiar picture of the latter 

condition completely absent, but there was no ves- 

tige of the commonly associated, and probably causal, 

hepatitis. 

Complete obliteration and disappearance of the 

upper portion of the portal vein of the type described 

is most probably the result of a congenital abnormal- 

ity. The portal vein does not assume its full func- 

tions until after birth, when the umbilical vein and 

the ductus venosus Arantii,which communicate with it 

in foetal life, become obliterated. The veins at the 

hilum of the liver are thus situated at a region of 

developmental complexity where abnormalities of devel- 

opment may readily occur. 

Analogous cases of congenital occlusion of the 

portal vein have been recorded in children by Wilson 

and Lederer (1929),and by van Creveld and Levy (1930) 

who discuss the literature. 



So far as the spleen is concerned, the histolo- 

gical picture could be completely accounted for by 

portal congestion. Moreover the size of the spleen - 

about 22 times the normal - might readily be explain- 

ed by congestion alone. There were no evidences of 

hyperplasia. Histologically, the liver was quite 

normal. 

We should hesitate to ascribe the ascites which 

occurred in the present instance to portal congestion 

alone. There was unequivocal clinical and pathologi- 

cal evidence of renal disease which would be a factor 

in the causation of oedema. In the presence of such 

an additional cause of dropsy, portal congestion 

would 'tend to bring about effusion into the perito- 

neal cavity. It is of interest to observe that van 

Creveld and Levy's case also had ascites in associa- 

tion with albuminuria. 

A point of some importance may be the apparent 

cure of the leucopenia by splenectomy. The leuco- 

penia which occurs in hepatolienal fibrosis seems to 

be in some way associated with the presence of an 

enlarged spleen (see p. ). The present case affords 

some evidence in support of this idea although the 

post -operative picture is complicated by the presence 

of nephritis. 
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We may sum up this chapter by saying that portal 

obstruction is not necessarily followed by splenome- 

galy, and it may occur without any enlargement of the 

spleen. Under certain circumstances, however, it may 

bring about an enlargement of the spleen, the maximum 

enlargement reached in the human subject being about 

three times the normal size. Splenic enlargement 

over 600 grammes in an adult must involve some factor 

other than mere congestion. Portal congestion, how- 

ever, is responsible for the vascular changes we have 

described in hepatolienal fibrosis. 
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Chapter 4. 

The Changes in the Liver. 

Before we can continue the discussion on the sple- 

nic enlargement in hepatolienal fibrosis, it is neces- 

sary to study some aspects of the associated changes 

in the liver. 

A general survey of the case records shows the fol- 

lowing association with liver disease: 

Cirrhosis of the liver present No. of cases 

(in cases VI to XXIII inclusive) . . 18. 

Early liver changes, e.g. mottling 

of the liver surface by scar tis- 

sue etc. 
(in cases XXIV to XXXII & case V. . . . 12. 

Liver showing no abnormal macrosco- 

pic appearance. 
(in cases XKXV to XLI & cases I to IV) . 11. 

Associated hepatic damage is therefore obvious 

to the unaided eye in 30 out of 41 cases, or in 

?3%o. 

It is necessary, however, to investigate the cri- 

teria on which we can definitely state that the liver 

is normal. In this respect we shall give some de- 

tailed consideration to Case I. 

In this patient, as will be seen from the notes, 



(x 500) Section of liver from case I, 
which appeared "normal" macroscopically. Note the 
disintegration of the'liver cell columns, vacuol- 
ation of liver cells, the separation of the cell 
cellumns by oedema, the leucocytic and large and 
small round-celléd infiltration. 

(x 350) Liver from case I. 
Note the disintegration of the cell columns, 
local round celled accumulations, vacuolation of 
the liver cells which show great variations in 
their size. 



the liver appeared "normal" at operation. The pa- 

tient died of porto -- mesenteric thrombosis and in- 

farction of the jejunum. 

"The liver showed no naked-eye fibrosis ". The 

pathologist, satisfied that sections of the liver 

were unlikely to reveal any lesion, omitted to take 

any. The physician in charge of the case, however, 

took a small portion of the liver for microscopic 

examination. By this fortunate chance we are provi- 

ded with sections showing definite early hepatitis 

in a liver which was "normal" to the naked eye. 

Histological examination revealed the condition 

seen in Figs.&1 and ti S. The liver cells showed 

cloudy swelling and fatty degeneration: the cell 

columns were broken up into isolated fragments consist- 

ing of one or more liver cells. Occasionally a liver 

cell was seen which seemed to be undergoing lysis. 

The liver cell columns were widely spaced out and the 

lymph space between the wall of the sinusoid and the 

liver cells appeared to be oedematous. .A number of 

polymorph leucocytes were seen in the perisinusoidal 

lymph space, but small round cells and large round 

cells with abundant protoplasm predominated. 

Kupffer cells were difficult to identify. The 

degree of cellular infiltration varied slightly in 

different parts of the liver. In some areas it was 

pronounced (cf. Fig.ItJ ), while in others it was less 

marked (Fig.ltS ). In the latter areas, however, fo- 

cal cell infiltrations could still be seen, while the 

appearances of oedema, disintegration and separation 

of the cell columns were always much in evidence. 
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It is thus obvious that a liver which appears nor- 

mal to the naked eye may yet show pronounced damage 

and inflammatory reaction on being subjected to mi- 

croscopic examination. 

From our case reports we may take yet another ins- 

tance in which there was definite clinical evi- 

dence of liver disease although at operation the organ 

appeared to be normal. In case XXXI, gross enlarge- 

ment and tenderness of the liver were detected clini- 

cally, while the van den Bergh reaction and the ?2- 

terus index showed a definite degree of jaundice. 

The liver and spleen both diminished in size during 

four weeks of observation. At the end of this time, 

when splenectomy was carried out, the liver had a nor- 

mal appearance. 

Although the liver appeared to be normal in case 

XXXVIII, and in case IV, both these patients were 

subject to transient attacks of mild jaundice. 

Cases XLI and II had both been subject to epis- 

taxis, the latter also to purpura,which,in patients 

suffering from this disease may possibly indicate 

hepatic damage (see p.Z2). 

Microscopic and clinical evidence therefore would 

indicate that definite liver damage is present in 

hepatolienal fibrosis much more frequently than is 

indicated by inspection of the liver surface at 

operation or at autopsy. Taking the 11 cases in which 



the liver was reported to be "normal ", we have dir- 

ect histological evidence of hepatitis in one ins- 

tance, definite clinical evidences of hepatic damage 

(jaundice) in two, and possible indications of liver 

disease (epistaxis and purpura) in two. It is un- 

fortunate for the elucidation of the pathology of 

hepatolienal fibrosis that biopsy material from the 

liver has not been taken more frequently. Excluding 

the two patients with epistaxis and purpura, we may 

state that definite evidences of liver disease have 

been found in 33 out of 41 cases, i.e. in 80jÄ. Had 

sections been taken from the liver in the remaining 

cases, it is quite possible, from the lesson of case 

I, that evidences of hepatitis might have been found 

in every instance. 

The absence of clinical signs of hepatic disease 

in the "precirrhotic splenomegalies" is therefore no 

evidence that such disease does not exist. It is 

well known that anatomical cirrhosis is the end re- 

sult of a process which has lasted many years, or 

even a large proportion of a life -time, and which for 

years may be present without giving rise to symptoms. 

The term "cirrhosis" has however no place in the 

consideration of the earlier stages of the process of 

hepatic inflammation, where cirrhosis and sclerosis 

have not made their appearance. In this early stage 



we must apply the term. "hepatitis ". 

The conception of "hepatitis" has been coming more 

and more into everyday use in clihical medicine, es- 

pecially on the continent. The first step towards 

the conception of hepatitis was made when catarrhal 

jaundice was removed from the category of an ordinary 

obstructive jaundice due to a cholangitis. The appli- 

cation of liver function tests indicated definite da- 

mage of the liver cells in catarrhal jaundice, but 

hepatic insufficiency was absent in cases of simple 

obstruction of the bile passages. Following the 

war, there occurred in Germany an extensive outbreak 

of epidemic catarrhal jaundice; in the vast majority 

of cases, however, the jaundice did not improve and 

the patients developed cholaemia, with purpura and 

central nervous system manifestations. Death occur- 

red in these, and the pathological changes found were 

those of subacute yellow atrophy. In 1927, there oc- 

curred a similar but more, extensive outbreak in Swe- 

den. This outbreak demonstrated even more conclusively 

the diffuse nature of the liver damage in catarrhal 

icterus. In Stockholm alone, 89 cases of acute, sub- 

acute and chronic liver atrophy came to autopsy, in 

which the disease could be directly dated to attacks 

of catarrhal jaundice occurring at the height of the 

outbreak. (Bergstrand 1930). 
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While these cases are clear cut and indicate that 

the trend of modern opinion is correct in regarding 

catarrhal jaundice as hepatitis, the clinical appre- 

ciation of hepatitis is hampered by many difficulties. 

First among these is the remarkable compensating 

power of the liver. Experimentally seven -eighths of 

the organ can be removed, and all the functions of 

the enormous gland can be adequately carried out by 

the remaining eighth. In typhoid fever, for example, 

it is well known that areas of focal degeneration are 

almost constant in the liver at autopsy, and yet the 

clinical manifestations of liver disease, as they are 

recognised at present, are exceedingly rare. 

The liver carries out all its functions without 

producing any easily available external secretion by 

which its work may be estimated like that of the kid- 

ney. Compared with the diagnosis of renal disease which 

is a relatively easy matter, the diagnosis of hepatic ik 

in its early stages is almost impossible, and its recog- 

nition will almost inevitably depend on future biochem- 

ical developments. In the absence 4.f icterus, hepatic 

disease is,as a rule, only a matter of conjecture, and 

it will remain so until we have the desired refine- 

ments of biochemical technique. 

Icterus, according to Eppinger, bears the same re- 

lation to hepatic disease as albuminuria to renal 

disease. While this is true in a general way, it 



represents a state of knpwledge on which we must 

improve. While albuminuria is almost constant 

in all stages of renal disease, icterus is by 

no means constant in hepatic disease. Icterus 

represents merely a disturbance in one function of 

the liver, and it id certain that degrees of 

liver damage may occur, in which the functionx 

of bile-excretion remains more or less undisturbed. 

The idea of hepatitis without icterus is mentioned 

by Lepehne(1930) , who describes cases of liver 

enlargement with tenderness, in which jaundice is 

absent. Such cases occur during epidemics of 

catarrhal jaundice. The recent introduction pf 

the b ilirub in. tolerance test by Eilbott (1927) 

has shown that acute liver damage may occur in the 

absence of jaundice. The test was positive, for 

example, in all cases of acute alcoholism within 

24 hours of the alcoholic excess. 

These considerations bring us 

inevitably to the opinion that hepatitis must 

occur with considerably greater frequency 

than is recognised at present. The absence of 

oaïdinary clinical mahifestations of liver disease, 

and a liver which appears normal to the naked 



eye cannot be accepted as evidence that the liver is 

undamaged. 

Although hepatitis may be "silent" for years in 

many cases, we may be able occasionally to trace the 

earlier development of the disease. In case IX, for 

example, a syphilitic, subject developed jaundice in 

the course of salvarsan treatment. The jaundice per- 

sisted for four months. During the succeeding five 

years he had transient attacks of abdominal pain with 

fever and slight jaundice. At the end of this time, 

"early" cirrhosis was just recognisable at operation. 

Case X shows a somewhat similar course but unrelated 

to syphilis. In case IV icterus began twelve years 

before his admission to hospital. In case VII the 

first clinical signs of hepatitis had occurred 23 

years before she came under observation. It is cer- 

tain that in the early stages these patients would 

have shewn no gross distortion of the liver to the 

unaided eye. It will be noted that cases of hepati- 

tis with splenomegaly in which syphilis has been a 

precipitating factor (Cases VI, IX, and XIII) are 

included under the general heading of hepatolienal 

fibrosis. Clinically and pathologically these cases 

are identical with the others in which syphilis as a 

causal factor was excluded. The lesions in the liver 

and spleen in syphilitic subjects bore no identifi- 

cation marks of syphilis (e.g. gummata). 
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It would appear from the researches of Lindstedt 

(1919), Herxheimer and Gerlach (1921), and Berg- 

strand (1930) that syphilis instead of causing 

hepatitis per se, merely renders the liver especially 

liable to hepatitis of all degrees. This theory 

agrees well with the anatomical identity of the lesions 

in our syphilitic and non -syphilitic cases. 

Apart from syphilis it is rare to find any defi- 

nite etiological factor to account for the hepatitis. 

In case XXII1, cholecystitis appeared to play an un- 

doubted part, and the sections from this case shewed 

an acute exacerbation of a chronic hepatitis, with a 

proliferative type of splenic enlargement. 

The writer has seen one case of chronic hepatitis 

with splenomegaly (not included in the present series 

owing to lack of pathological material) which was un- 

doubtedly related to an intensive course of atophan 

(phenyl- quinoline- carbonic acid) which had been given 

for chronic rheumatism. During treatment the patient 

developed jaundice; five years later the liver was 

definitely enlarged and hard, and associated with 

marked splenomegaly. It has been suggested that 

this hepatitis is essentially due to the coincidence 

of atophan with some other liver damaging factor 

(Starkenstein, 1932). 

It would appear therefore that hepatitis tends to 



assume the same anatomical forms irrespective of the 

causal agent involved, and that splenic enlargement 

may occur in association with hepatitis however pro 

duced. 

Marchand (1895), Strdbe (1897),and Bergstrand 

(1930) have noted splenic enlargement in association 

with acute and subacute yellow atrophy of the liver. 

Eppinger (1926) stresses splenic enlargement as a 

diagnostic point in acute ascending cholangitis with 

hepatitis. A moderate degree of splenic enlargement 

is commonly observed in association with catarrhal 

jaundice. Garnier and Reilly (1919) and Widal and 

May (1928) have observed splenic enlargements. occur- 

ring in association with spiro chaetosis i robae - -- 
morrhagica. 

We may conclude by saying that there is no decisive 

proof that the liver is undamaged in any stage of he- 

patolienal fibrosis. Positive evidence of liver da- 

mage was found in 80já of the present series of cases. 

In the remaining 20, autopsy material was not taken, 

without which it is impossible to say that the liver is 

normal. 

It appears that the liver cannot be exonerated from 

a share in the pathological process from the very be- 

ginning of the disease. The question with which 



clinicians confront the pathologist at post-mortem,when 

considering a case of cirrhosis with splenomegaly, "Did 

the diseased liver or the enlarged spleen come first 

in this case ?" begins to lose its meaning. The in- 

volvement of liver and spleen in all cases is probably 

simultaneous, and varies only in. degree. The group- 

ing of the various clinico- pathological variants un- 

der the heading "hepatolienal fibrosis" is an attempt 

to give more adequate expression to this modern hypo- 

thesis. The conception of hepatolienal fibrosis as a 

disease affecting both liver and spleen, and in which 

liver involvement is an essential feature from the out- 

set, is the main thesis of this work. 



Chapter 5. 

The Gauss of splenic enlar .,,eurent in 

in association with _eatitist 

The natural opinion which was held up to the end of 

the last century was th'It splenic enlargement in hepa- 

tic cirrhosis was due to portal congestion. In the 

atrophic type of cirrhosis, which was frequently ac- 

companied by ascites and oesophageal varices this ex- 

planation appeared to fit the case. This, however, 

is the very type of cirrhosis in which the spleen is 

often small,while, on the other hand,there are certain 

anatomical types of cirrhosis, e.g. the classical hy- 

pertrophic type of Hanot, in which the signs of por- 

tal congestion may be relatively inconspicuous, and 

yet considerable splenic enlargement is present. 

Oestreich (1895) was the first to suggest that some 

factor other than congestion played the most important 

part in determining the enlargement of the spleen. 

He pointed out how markedly the "cirrhotic" spleen 

differed in its appearance from the spleen of ordinary 

venous congestion. According to him the spleen res- 

ponds to some stimulating irritant and even in the ear- 

ly stages of cirrhosis there occurs a cellular prolif- 

eration - "hyperplasia pulpae" - which can persist 

into the later stage of the disease. Oestreich fur- 
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ther considered the possibility that in the later sta- 

ges of the cirrhotic process, an indurative enlarge- 

ment of the spleen might develop from the hyperplastic, 

so that the actual pulp became atrophied. 

Senator (1901) thought that the substances which 

are responsible for cirrhotic alterations in the liver, 

also play a part in causing the enlargement of the 

spleen. Before Oestreich, Sieveking (1894) wondered 

whether connective tissue over -growth took place in 

the spleen in the same way as in the liver. He was 

unable, however, to determine any diffuse increase in 

the connective tissue in the spleen and therefore 

was unable to explain the splenic enlargement in this 

way. Rosin(1898) tried to explain the splenic en- 

largement on the same grounds as Sieveking. In the 

light of modern pathological opinion (e.g. iilbot, 

1931) which tends to regard the increase of connec- 

tive tissue in the liver as secondary to damage of the 

liver parenchyma, all those theories based on the 

idea of a primary connective tissue overgrowth seem to 

be doomed to failure. 

Strthxpell (e /oo ) ascribed the splenic enlargement 

of hepatic cirrhosis to chronic accumulation of bile 

in the blood. Weber (1897) suggested that the most 

marked enlargements of the spleen were to be found 

in those cirrhoses accompanied by the severest 
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jaundice. He suggested that toxic substances were re- 

tained and were responsible for the effects on the 

spleen. Hermann (1901) suggested that the enlarged 

spleen had a special etiological role and that it was 

probably overacting, possibly in an increased destruc- 

tion of red corpuscles, so that its protective action 

was diminished., and toxins no longer fixed by the 

spleen flowed on to the liver and were responsible 

for the hepatic damage. 

Bleichröder (1904) considered that there was a close 

relationship between blood diseases and hepatic cirr- 

hosis, an idea which has recently been recuseitated 

by Epplen (1922). Bleichr ider pointed out that in 

cases of liver cirrhosis, red bone marrow extended in- 

to the shaft of the femur, and Charcot Leyden crystals 

were also present, conditions which are both seen in 

blood diseases. He fails however to give any exact 

histological details, and at present with the lack of 

further positive evidence this view is not very help - 

ful. The work of Hartwich (1912) was directly op- 

posed to the view of Banti, and those other writers who 

regarded the spleen as the foes et origo mali in hepa- 

tic cirrhosis. He was unable to confirm the view that 

splenic enlargement might precede the changes in the 

liver. He regarded the liver change as primary, and 

the splenic involvement as secondary. The splenic 
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enlargement, in his opinion, however, was compensa- 

tory, and due to the fact that the spleen took over 

part of the work, usually carried out by the liver. 

From the French writers the most extensive work was 

that of Gauckler (1905). He thought that the splenic 

enlargement was due to a true hypertrophy determined 

by a long lasting erythrolytic stimulation. This 

was especially dependent upon repeated intra- paren- 

chymatous haemorrhages. The hyperplastic process was 

followed by the appearance of an atrophic sclerosis, 

so that the size of the spleen was determined by the 

intensity of the hypertrophie and atrophic processes. 

He concluded with the sentence: - 

"La rate cirrhotique rentre dans le groupe des 

rates d'ordre haemolytique ". 

Gauckler claimed to produce appearances similar to 

those in cirrhotic splenomegaly by the use of haemol- 

ytic poisons, such as toluylenediamine. The most ob- 

vious objection to this hypothesis is that the spleen 

of haemolytic icterus in no way resembles the spleen 

of hepatolienal fibrosis. 

Eppinger favoured this theory of excessive haemo- 

lysis as the cause of splenic enlargement in hyper- 

trophie cirrhosis and developed the theory fully. In 

favour of the theory he adduces the presence of bi- 



liary thrombi in the bile capillaries, extension of 

the red marrow into the shaft of the femur to bring 

about a compensatory overproduction of red corpuscles; 

the spleen, he admits, does not show the usual picture 

of haemolytic icterus, but nevertheless it is "blut- 

reich" and contains iron pigment, so that "there is 

nothing against the assumption of increased blood des - 

truction ". 

Reference to his illustrations of the pathologi- 

cal findings shows that the iron pigment present was 

definitely associated with periarterial haemorrhages 

and fully developed siderotic nodules. The congestion 

with blood was definitely due to an overfilling of 

the venous sinuses which are distinctly dilated. 

One further point which Eppinger brings forward in 

favour of excessive haemolysis by the spleen in 

cirrhosis, is the beneficial effect of splenectomy on 

the jaundice. He admits however a hepatic element in 

the jaundice which may interfere with the favourable 

results. In answer to this contention of Eppinger, it 

is well known that jaundice is a mild and frequently 

transient symptom in cirrhosis, and the results of sple- 

nectomy would require to be more striking before we 

could accept the theory that the jaundice of cirrhosis 

is splenogenic. Eppinger, however, stresses a fact 

which we consider of importance: in cirrhosis, the 
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liver cells are damaged primarily, and the other fea- 

tures of the disease seem to bear some relationship 

to this primary damage. He also attempts to bring 

into line with the splenomegaly of cirrhosis the 

splenic enlargement of catarrhal icterus, which may be 

depeb.dent on similar causes. 

To be added to these various hypotheses which have 

been put forward to account for the splenic enlarge - 

ment of cirrhosis, is the recent tentative suggestion 

given by wcNee (1932) in his Croonian lectures. He 

described how, in gross cirrhosis, IvlcIndoe (1928) had 

shown that the portal blood might be deviated from the 

regenerated "lobules" and pass straight on to the he- 

patic vein. Ey this means metabolic products from 

the intestine might reach the general circulation. 

The spleen might enlarge to deal with these. While 

this hypothesis raises problems of far-reaching in- 

terest, it does not account for the precirrhotic 

splenomagalies, in which an identical type of en- 

largement of the spleen is present long before there 

has been any such gross distortion of the liver cir- 

culation as îdcIndoe found. 

The above brief review of the various attempts 

which have been made to account for the splenic en- 

largement of cirrhosis shows that up to the present 

no satisfactory hypothesis has been forthcoming. 
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In a study of material derived from human cases of 

hepatolienal fibrosis, it seemed to the writer that 

little attention had been paid to the response of 

the so- called reticulo- endothelial cells to liver 

damage. The well known accumulations of reticulo- 

endothelium in the liver, spleen, bone marrow, and 

lymph glands is too well known to require any elabor- 

ation here. If we could find any common factor ac- 

counting for possible histiocytic response in liver 

and spleen, such a factor might yield a clue to the 

problem of splenic enlargement in hepatitis. 

Certain well known general histiocytic reactions, 

in which the Kupffer cells of the liver and the pulp 

cells of the spleen are simultaneously involved, may 

be mentioned. In lymphadenoma there is a prolifera- 

tion of the reticuloendothelial cells of the body, 

which, particularly in acute cases, may affect the 

whole system. In Gaucher's and Niemlann- Pick's dis- 

eases the reticuloendothelial cells of the liver and 

spleen are simultaneously involved by a primary distur- 

bance in lipoid metabolism. In certain less defined 

cases, such as that described by Borissowa (1903) 

there is a proliferation of histiocytes, unchanged in 

their histological appearance, in the liver and spleen, 

Such cases are at presentaincribed. under the name of 

"reticuloses" (Goldschmlid and Isaac, 1922) or reticu - 



lo- endothelioses (MeNee). 

The problem which we are to attempt to elucidate 

can be stated in the following questions; 

Is there any evidence of a histio.cytic response in 

hepatic cirrhosis or hepatitis, and if so what is the 

nature of the stimulus? 

Does the spleen share in this response, and by 

what mechanism is it involved? 

It will be seen that the writer prefers to follow 

the terminology suggested by Kiyono (1914) who would 

consider the cells of the spleen pulp and the Kupffer 

cells of the liver as "histiocytes ". 

"The ability of these cells to store colloidal 

dyes is combined with a tendency to become mobilised, 

to transform themselves into free amoeboid cells, 

giant cells and epithelioid cells, and to phagocytise" 

(Maximow, 1928). The microscopic appearance of his - 

tiocytes is strongly influenced by their functional 

condition. Generally speaking they may be found in 

a resting or an active state. The resting state cor- 

responds with their fixed position, while active 

histiocytes show a more or less distinct hypertrophy 

and rounding -off, and may even become completely iso- 

lated from their neighbourh and appear as free amoe- 
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boid cells. These active histiocytes may be distin- 

guished from lymphocytes by their abundant, pale, some - 

times acidophilic protoplasm, and the relatively small 

amount of chromatin in the nucleus. 

The hyperplastic process in the human spleen. 

In those spleens of the present series which were 

weighed (28) the average weight was 878 grammes. On- 

ly three were under 500 grammes while the maximum 

weight seen in a spleen from a case of hepatolienal 

fibrosis was 2,700 grammes (case XT,I.a). In practi- 

cally every instance therefore, cellular hyperplasia 

of the spleen must be invoked to account for the en- 

largement. 

In cases XXII and XXIII histological examination 

of the spleen revealed no vascular lesion which might 

have resulted from portal congestion. In these two 

instances the size of the spleen is due to hyperpla- 

sia alone. 

In case XXIII we have an example of an acute ex- 

acerbation of a chronic hepatitis, due presumably to 

cholecystitis. A section of the liver (Pig. ,4f6 ) 

shows a definite leucocytic infiltration of the liver 

lobule associated with an accumulation of small and 

large round cells. This acute change coincides with 
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HAIP4irati ,i+ :c. - 
Fig.Ñ6. (x 350) Liver from case XXIII. 
Acute hepatitis associated with acute cholecyst- 
itis. Note the intense leucocytic infiltration 
throughout the lobule. 

Fig. H7. 
Note the 
cytes in 

(x 600) Spleen from case XXIII. 
large numbers of rounded active laistio- 
the pulp spaces and in the sinuses. 



old standing fibrosis and periportal sclerosis. 

The spleen from the same case (Fige%7) shows a change 

reminiscent of that which is found in the enlarged spleen 

of acute infections. The sinuses are scarcely distended 

at all, and are filled by large round cells with a 

varying amount of cytoplasm - active histiocytese 

This type of change is diffused through the spleen 

pulp and is suggestive of generally increased activity 

of histiocytes which in their resting phase constitute 

the cells of the normal spleen pulp. 

When the acute phase has passed over, however, 

these active histiocytes may regress to the resting 

stage and we are left with a spleen, considerably en- 

larged, but in which the appearance of the pulp cells 

corresponds to that of the normal spleen. This is the 

appearance which we find in the spleen from case XXII. 

In spite of enlargement to 820 grammes, this spleen 

showed little hi:Jtological abnormality of the indivi- 

dual cells. 

If we look at Fig . 37 which ' illustrates an artifi- 

cially produced venous congestion of an otherwise normal 

spleen we see that the distended sinus walls are usually 

not much more than two cell layers thick. In the 

spleens from cases of hepatolienal fibrosis the inter - 

sinuous walls are often four or five cells thick, 

which is probably an index of proliferation of the 



Fig.h(. (x 350) Spleen from case IV. 
Note the dilated sinuses (s) with increased 
cellularity of the pulp tissue between, and 
proliferation of new cells into the sinus 
lumina. 

Fig.d41 .(x 250) Spleen from case XLIa. 
Sinuses are denoted. by (s). There is 
a great increase of cellular tissue 
between the sinuses, and also there is 
definite proliferation of active histiocytes into 
the sinus lumina: 



pre -existing pulp tissue (Fig.l,I :) s Fig.tii also shows 

a similar cellular thickening of the'intersinuous 

walls, but in addition there is also a proliferation 

of cells into the lumen of the dilated sinuses. 

Occasionally another evidence of histiocytic 

activity may be seen, i.e. phagocytosis of red cells. 

This is particularly well defined in case XLIa. The 

section shows dilated sinuses in which active histio- 

cytes are seen , frequently containing red blood cor- 

puscles or fragments of these. It is to be noted 

that t is phenomenon of erythróphagocytosis is not 

an index of excessive haemolytic activity on the 

part of the spleen, but is merely an index of exces- 

sive local activity of, the spleen cells(Lauda,l928). 

It may be seen,for instance, in the splenic enlarge - 

ment which accompanies typhoid fever, where there is 

no evidence of exeessive blood destruction. 

One other proliferative change which is indicated 

in the same spleen (Case XLIa) is an increase in the 

number of lymph- nodes, which seem to extend into the 

pulp along the penicillar arterioles. Small new masses 

of lymphoid tissue are seen here and there in the pulp. 

So far as the spleen itself is concerned therefore 

the principal evidences of cellular hyperplasia which 

we see are:- 



Fig.50. (Oil immersion). Spleen from case 71-da. 
A dilated sinus is seen filled by active 
histiocytes, one at least of which contains an 
ingested erythrocyte (e). 
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1. Weight of the spleen over three times the 

normal i.e. more than can be accounted for 

by simple congestion. 

2. Cellular increase in the intersinuous 

strands. 

3. Proliferation of active histiocytes into 

the lumen of the sinuses, activity being 

indicated by the enlargement and rounded 

appearance of the cells and by 

erythrophagocytosis. 

Another evidence of histiocytic proliferation may be 

found outwith the spleen itself, in the related 

spleniculi. 

These small spleniculi, or accessory spleens, 

are identical with haemolymph glands= Normally 

they are small and difficult to find (Warthin 1901). 

In most cases of splenic enlargement examined by the 

writer there has been an associated enlargement of 

the spleniculi in the hilum of the spleen. In cases 

of acholuric jaundice, Gaucher's disease, tuberculo- 

sis of the spleen and Hodgkin's disease, in which 

spleniculi have been available for comparison with 

the spleen itself, the pathological changes in the 

spleniculi have been identical with those found in 

the spleen itself without a single exception, 
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Fig.51. (Oil immersion) Spleniculus from case XIS. 
Note the great proliferation of large active histio- 
cytes, and the cells containing ingested red core» -F 
puscles. 
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The evidence of these findings would therefore lead us 

to believe that the spleniculi and the spleen respond 

in the same way to the same disease processes. 

In hepatolienal fibrosis however the changes in 

the spleniculi may offer a somewhat striking contrast 

to the .histological appearances of the spleen. This 

is well indicated by the appearances in Case XII which 

are illustrated in Figs . 5( 152, and 53 . The spleen 

it will be noted shows marked dilatation of the sinu -- 

ses with thickening of the supporting fibrils. The 

cells of the spleen pulp show no histological devia- 

tions from the normal. The spleniculi on the other 

hand show a much more active type of change. The 

venous sinuses between the lymph -nodes are filled by 

active histiocytes, showing marked phagocytosis of 

red cells. In other parts of the spleniculus the for - 

mation of large endothelial giant cells has occurred. 

Similar evidences of histiocytic proliferative ac- 

tivity were also found in spleniculi from cases IX, 

X, XI, and XXIV, and XLIa .These. : were .th@ only cases of 

hepatolienal fibrosis in which spleniculi were availa- 

ble for histological examination. 

It seems highly probable that the proliferative 

changes in the spleniculi are the counterpart of simi- 

lar proliferative changes in the spleen, and are caused 

by the same agency. The only other possible 
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the large active histiocytes with ingested red cell 

Pig.63 (Oil immersion) Spleniculus from case XII. 
Note the formation of large giant cells, 
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explanation of enlargement of the spleniculi might be 

compensatory hypertrophy. The haemolymph glands are 

known to enlarge when the spleen is removed 

(Winogrado, 1882) 

It is very unlikely, however, that this is the 

reason for the enlargement in hepatolienal fibrosis, 

for there is no evidence that the enlarged spleen is 

functionally impaired. As we have pointed out its 

cells are frequently histologically identical with 

those of the normal spleen, and there is no evidence 

to suggest that the hepatolienal fibrosis spleen 

cannot react in a normal manner to any calls made upon 

ite 
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Chapter 6. 

The histiocytic Reaction and Splenic enlargement in 

Experimental Hepatitis. 

Gye and Purdy (1922) noted an enormous enlarge- 

ment of the spleen, and fibrosis of the liver as a 

result of chronic poisoning with colloidal silica. 

From a study of acute poisoning, however, it was ap- 

parent that the effect was primarily on the reticulo- 

endothelial cells. These cells were loaded with sili- 

ca which apparently stimulated their proliferation. 

The effect seemed to be a primary mesenchymal reaction, 

without the evidence of liver cell damage which is regard- 

ed as an essential feature of cirrhosis. It is to be 

noted that Albot (1931) claims to have demonstrated 

hepatic cell damage in colloidal silica poisoning as 

evidenced by "margination of chondriosomes". The 

reticuloendothelial reaction is, however, quite out of 

proportion to the degree of hepatic cell damage, and it 

is unlikely that the liver cell damage is the primary 

effect. 

Roessle (1929) recognises the desirability of pos- 

tulating a mesenchymal reaction in cirrhosis to account 

for the splenic enlargement. He gets over the diffi- 

culty by suggesting that in some cirhoses the action 

of the toxic agent falls primarily on the mesenchymal 



tissue and the spleen is thus simultaneously or even 

primarily affected. Such a hypothesis would in rea- 

lity bring some cirrhoses into line with the other 

primary histiocytic reactions mentioned above - 

lipoid histiocytoses, reticuloses, etc. As it has 

been amply demonstrated that in cirrhosis the damage 

in most instances is primarily of the liver cells, 

and that the spleen is enlarged in many such cases, 

the postulation of a primary increase of fibrous tis- 

sue elements does not really solve the main problems 

The object of this experimental work is to study the 

nature of the local mesenchymal reaction which occurs 

in experimental hepatitis, and the reaction of the 

spleen to liver inflammation. 

Methods. 

In the experiments to be described, .5 manganese 

chloride solution was given subcutaneously to induce 

cirrhosis of various degrees of acuteness and chroni- 

city, The dosage given was somewhat less than that 

used by the Bursts (1928) . 

In rabbits, subacute and subchronic cirrhosis 

were readily induced by the subcutaneous administra- 

tion of .025 gm. manganese chloride per kilo thrice 

weekly, and in some cases this dosage was only given 

on alternate weeks* 

Rabbits were used, and according to the recommend- 
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ations of Findlay (1924), a few guinea pigs were used 

to control the observations. Spontaneous hepatitis 

was noted in one or two instances in the rabbits, but 

was quite easily recognised as a rule. In the great 

mattority of the animals there was no evidence of any 

old -standing liver disease, and in the text of this 

description, except where otherwise stated the appear - 

ances were common to numerous animals, and could be 

ascribed definitely to manganese. An attempt was 

made to use cats, but in these animals the kidneys 

were much more severely attacked than the liver and 

death occurred from renal changes, while the hepatic 

changes were insignificant. 

The animals in most instances were allowed to die 

of the induced disease, but sometimes they were killed 

by dislocation of the neck. In no instance was chlo- 

roform used. Tissues were fixed in formalin or 

Zenker, and sections were stained by Sudan III, 

haematoxylin and eosin van Gieson , and eosin and 

methylene blue. 

To determine the histiocytic reaction, vital 

staining was carried out by India ink. Higgin's ink 

was diluted one half, and 3cc. of the sterilised 

filtered solution was injected intravenously on two 

occasions. Three or four days later the manganese 

injections were started. 
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Results of Experiment. 

Generally speaking, our experimental observations of 

the effects on the liver agreed with those already pub- 

lished by the Bursts. The effect of the poison was 

first manifested upon the cells in the periportal zone 

at the periphery of the lobule. In acute poisoning 

these cells underwent an acute massive coagulative ne- 

crosis; in the more subacute types various changes were 

seen from fatty degeneration o necrosis of the colli-. 

cyuative type. The local cellular reaction did not make 

its appearance until these degenerative changes were 

well developed and the earliest local reaction we have 

seen occurred at the end of 48 hours. 

1. The local reaction to liver cell damage. 

Early Changes. 

In rabbits which died of a single large dose of man- 

ganese chloride no reactive changes were evident unless 

the animals had survived at least 48 hours. At the end 

of this time however some local cellular reaction was 

manifest in at least one instance. 

Rabbit 11. Weight 3,260 grammes - A single dose of 

.163 gm. manganese chloride was given subcutaneously. 

Death occurred 2 days later. Liver pale and fatty: 

spleen enlarged and plum coloured (weight: 2.55 gms.). 

Microsco icalli there was marked fatty degeneration of 

the liver cells especially in the centre of the 
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lobule. In the peripheral parts, the liver cells 

had undergone necrosis and liquefaction. Among 

these disappearing liver cells the Kupffer cells 

remained and were swollen with debris. In the 

immediate neighbourhood of the portal tract some 

of the Kupff er cells appeared to be elongated 

like fibroblasts. The sinusoids at the peri- 

phery of the lobule were congested. 

Spleen: showed intense vascular congestion, but 

there was no endothelial proliferation. 

In animals which received daily doses leading to 

death, within a week cellular reaction and bile duct 

regeneration were quite pronounced. 

Rabbit 18. Weight 2,900 grammes. vied on the 

sixth day after receiving ..35 grammes manganese 

chloride in the preceding five days. The liver 

has a pale mottled appearance. The spleen is 

small. 

Microscopically: There is a diffuse deposit of 

fat throughout the liver. Owing to vacuolation 

of the cells, the surviving Kupffer cells are 

especially distinct. They are active in contrast 

to the degenerated liver cells and appear to be 

increased in numbers. J good deal of new cellular 

connective tissue has appeared round the portal 

tracts which appears to link up with the survi- 

ving Kupffer cells where these can be definitely 

recognised. In the portal spaces there is de- 

finite bile -duct regeneration and proliferation. 

Round the bile ducts there is definite round 
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Fig.S-40 (x 90) Rabbit 19: liver. Stained: Sudan III. 
Note the infiltration of the liver cells with fat, 
and the fat content of the bile-duct epithelium.(b). 
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celled infiltration. At the periphery of the lo- 

bules a few large hyperchromatic liver cells are 

seen (regeneration ?). 

Spleen: No obvious abnormality. 

Rabbit 19. Weight 3,100 grammes. Killed on the 

eighth day after receiving .2 grammes manganese 

chloride in the first five days. Liver pale and 

mottled. Spleen 1.65 grammes. Appears red and 

fleshy. 

Microscopically: All degrees of fatty degenera- 

tion seen in the liver gelis,and fat was also 

found in the bile duct epithelium. At the 

periphery of the lobule necrosis and autolysis 

of liver cells had taken place, and the surviving 

Kupffer cells were undergoing proliferation. 

Mitotic figures were occasionally seen in the 

Kupffer cells. Polymorph leucocytes were scat- 

tered diffusely through the lobules. 

Spleen. A good many new rounded active histio- 
cytes were seen in the sinuses. 

In the first week relatively massive doses of 

manganese lead to acute and drastic changes in the 

liver. The first effect is manifested in the cells 

of the outer zone of the lobules and is usually 

a definite necrotic change, while the inner portions 

of the lobule undergo less severe degenerations. 

with the disappearance of the necrosed liver cells 

at the periphery, the Kupffer cells enlarge to deal 

with the debris, and definite proliferation of the 



Kup fifer cells may be seen with Ditotic figures. 

There is a generally increased vascularity of the peri- 

pheral zone of the lobule which may be in part ex- 

plained by the shrinkage of the noble elements and 

consequent widening of the sinusoids. New cellular 

connective tissue is formed in the latter half of the 

first week, only in relation to the acutely degenera- 

ting liver cells at the periphery of the lobule. 

Periportal round celled infiltration and bile duct 

proliferation are also obvious at the end of the first 

week. 

Subacute and Chronic Changes. 

The above acute changes are too gross for a detail- 

ed study of the origin of the new mesenchymal cells 

which appear in relation to the damaged liver cells. 

Wo have noted however the survival of Kupffer cells 

and their proliferation, and the fact that the new 

young connective tissue cells appear at the periphery 

of the lobule in relation to the damaged liver cells. 

In this site the new cells may take origin from the 

histiocytes of the portal spaces or from the Kupffer 

cells between the liver cell columns. 

In animals dying about the end of the second week, 

the changes are much less acute. 



Rabbit U. 3 . Weight 2,100 grammes. Died on the 

14th. day after receiving .18 grammes manganese 

chloride in six doses between the first and 

twelth days. Liver slightly mottled. Spleen 

5 grammes. 

iviicroscopically the liver shows amorphous degener- 

ation at the periphery of the lobule and fatty 

degeneration which is most marked towards the cen- 

tre. There is extension of cellular connective 

tissue from the portal zones between the degener- 

ated liver cellsat the periphery of the lobule. 

The portal zones show increased vascularity and the 

sinusoids at the periphery of the lobule are over 

distended. There is new bile duct formation, and 

round celled infiltration in the portal spaces. In 

the larger portal tracts dilated lymphatics are 

often visible. 

At the periphery of the lobules large darkly 

staining liver cells are frequently seen, often with 

3 -4 nuclei (regeneration.). 

Spleen: Pulp cell nuclei are large and clear and 

cytoplasm is swollen. The sinuses contain clumps 

of leucocytes and numerous rounded macrophages. 

No new formation of lymph nodes. 

Acute massive necrotic changes at the periphery of 

the lobule tend to be replaced in milder intoxications 

by a type of degeneration termed "amorphous" in which 

the normal granularity of the liver cell disappears 

and the homogeneous cytoplasm stains diffusely with 

eosin. The swelling of, and absorption of debris 

by,the Kupffer cells seen in the very acute stages 
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Fig.S5-. (Oil immersion) Liver from Rabbit 16. 
Note the formation of collagen fibres among the 
liver cells, and the proliferation of new connective 
tissue cells' between the sinusoid (s) and the liver 
cells. The new cells are indicated by (p). 

Fig. 56. (x 350) Liver of rabbit 16. Sinusoids are 
denoted by (s) and the new histiocytes by (p). 
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becomes less prominent, but nevertheless new primi- 

tive connective tissue cells make their appearance in 

relation to degenerated liver cells. 

The origin of these new cells is better brought 

out in a more chronic type of liver change. 

Rabbit 16. Weight 2,100 grammes. Received .425 

grammes manganese chloride in 38 days. Liver 

had a greenish yellow appearance with a morocco 

leather surface. Spleen weighed 1.4 grammes. 

hicroscopically: Liver shows little or no fatty 

deposit except in the regenerated bile ducts at 

the periphery of the lobule. The most striking 

feature is a diffuse extension of the connective 

tissue of the portal spaces in and between the 

liver cells. Apart from slight granularity the 

liver cells show very slight evidences of degen- 

erative change. The liver cell columns are broken 

up by the new connective tissue and a fine peri- 

cellular cirrhosis is seen. Collagen fibres 

are abundant between the liver cells, and the 

new connective tissue cells have appeared between 

the sinusoidal capillary and the liver cell itself, 

i.e. in the perisinusoidal lymph -space. Bile 

thrombi are seen here and there in the bile 

canaliculi between the liver cells. There is 

increased vascularity of the portal tracts. 

Spleen; is not specially congested. A good few 

large rounded macrophages are seen in the sinu- 

soids. 



Figs .5`l and 5g a (x 500 and 3 50) Drawing and photograph 
of the same portion of the liver of rabbit 33¢ 
s sinusoid . 

p proliferation of new histiocytes outside the wall 
of the sinusoid 
a amorphous degeneration of the liver cells at the 

periphery of the lobule 
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It appears therefore that the new cellular con- 

nective tissue tends especially to appear in the 

perisinusoidal lymph space in the first instance* 

In one instance of prolonged mild manganese poisoning, 

cellular proliferation in this site was seen at an 

earlier stage. 

Tubb it 33 . 'Weight 2,100 grammes. Given .1 

gramme manganese chloride in every third week. 

Killed at the end of 210 days. Liver pale and 

slightly mottled. Spleen 2.3 grammes. 

Microscopically: Liver shows amorphous degenera- 

tion of the cells at the periphery of the lobule. 

Definite young connective tissue cell formation 

round the portal tracts in association with the 

areas of amorphous degeneration. A few of the 

cells at the periphery of the lobule have under- 

gone necrosis and antolysis. The histiocytic 

infiltration appears to be related to the autoly- 

sis of cells at the periphery of the lobule and has 

not occurred in relation to those cells which have 

undergone fatty degeneration at the centre of the 

lobule. The new cellular formation has every ap- 

pearance of occurring outside the wall of the 

sinusoid, i.e. in the perisinusoidal lymph space. 

Van Gieson's stain shows very slight new collagen 

formation among the histiocytes. 

In those cases of prolonged mild manganese poisoning 

where we have been able to see the relationship of 



Fig.gq. (x 550) Liver of rabbit 33. 
s Sinus.! 
p proliferation of new cells outside the wall 

of the sinusoid. 

ftlt 
4') 

' 121';- 

--g:;-... ik *do ..: 4, ,,,,,..s., 

u'-: 
-?1,;,''s 7 . 

.ig 

è g*, & . , ..., ,-.....-. , hi ...,:. :et 4.°)..4 
I, 

&e 
. 4....;.., 

. . 

\ s',4t ' 

-4 -, 

s 4 
' ...;.i.14::: ; * 11'c t N.. 

.1. ' Tv.8v.\ .% 

: ' - -.:. ' .1...4 `, 

N.: 

4 - 

Fig.60. (x 400) Liver of rabbit 31. 
s sinusoid. 
p proliferation of new histiocytes outside 

the wall of the sinusoid. 



(x 100) Liver of rabbit 31. 
1 dilated lymphatics, with proliferation of 

small round cells in their lumina. 



the newly formed histiocytes to the wall of the sinu- 

soid., the new cells have always tended to lie in the 

perisinusoidal lymph space. 

2. The part played by the Kupffer cells in the local 

mesenchymal reaction to hepatic damage. 

We have seen suggestive evidence that the Kupffer 

cells play a part in the removal of debris in acute 

liver damage induced by manganese. In the more 

Chronic types of liver damage, it is impossible to 

state what part they play in the new formation of 

histiocytes. In order to solve this problem it is 

necessary to induce cirrhosis in an animal in which 

the Kupffer cells have been vitally stained. 

The difficulties in assessing the reaction of the 

reticulo -endothelial calls in vitally stained animals 

have been well summarised by Cappell (1930) . If we 

wish to determine the part played in an inflammatory 

reaction by pre -existing reticulo -endothelial cells, 

several points must be kept in mind. Firstly the cells 

of the reticuloendothelial system must be first filled 

with a suitable dye, which will persist in recognisa- 

ble amount for the duration of the experiment. The 

readily diffusible dyes such as trypan blue disappear 

from the cells in. about two weeks, and are thus un- 

suitable for studies of this kind. Further we cannot 



use dyes which persist for some time in the blood stream 

and are only slowly absorbed. Such a dye as Isamine blue 

given subcutaneously forms a depot from which small quan.- 

tities of dye may escape into the circulation over a long 

period, and may thus be taken up by newly formed histio- 

cytes present in the body at the time. Pre -existing his - 

tiocytes might thus be obscured by the new -formed histio- 

cytes which had taken up the dye in the course of the ex- 

periment. Thirdly an interval must be allowed to elapse 

to allow those portions of the dye which have been taken 

up by the circulating monocytes to disappear from the 

blood stream. Otherwise the monocytes of the blood might 

At the inflammation obscure 

the issue which we wish to illuminate. For many reasons, 

therefore, we select India ink as the most suitable dye. 

It is particulate, and is rapidly taken up from the cir- 

culating blood where histiocytes are in contact with it, 

as in the liver and spleen sinusoids. The active histio- 

cytes in these organs are soon loaded up with the ink, 

while the histiocytes of the subcutaneous tissues and 

other parts more remote from the direct access of the 

circulating fluid bearing the dye particles, are not so 

readily filled by the ink. 

In assessing the results of the experiments con- 

ducted by this method, it is also essential to remember 

that only a fraction of the total number of histiocytes 

in the liver and spleen are filled by the dye, no matter 



how much may be given. It is on this basis that 

Maximow subdivides the histiocytes into "resting" 

and "active" types, the latter taking up the dyes when 

they come in contact with the cell membrane, and the 

former failing to take them up at all. Transition 

stages are, of course, to be seen, i.e. cells which 

take up the dyes in small amounts .When a histio cy - 

tic response is elicited by any method, we are not 

aware of the exact extent to which resting and active 

histiocytes respond. It may be that the formation of 

new histiocytes is principally carried out by the 

cells which were previously "resting ". In such a case, 

the new histiocytic infiltration would reveal little 

or no dye, although it had taken origin from pre- 

existing histiocytes. Ordinarily in the liver stained 

by India ink, there are no particles in the histiocytes 

of the portal spaces, but at the end of a few weeks an 

occasional pigment laden cell may be seen in the portal 

spaces, whither it has been carried in all probability 

by the lymph stream from the liver sinusoids. 

We may take it therefore that if newly formed con- 

nective tissue cells in the liver are seen to contain 

India ink after hepatitis lasting two or three weeks, 

these cells are derived in situ from pre -existing 

Kupffer cells. 



A. 

Fig.62. (Oil immersion) Liver from Rabbit 
- 

3. 
a amorphous degeneration of liver cells at the peri- 

phery of the lobule. 
b bile -duct regeneration in the portal tracts. 
Note the numerous newly formed cells in the 
peri- portal tissue which contain india ink. 

Fig.o3. (x 250) Liver from rabbit T 1. 
Ddgeneration and necrosis of liver cells has taken 
place at the periphery of the lobule. There is 
a.. general increase of connective tissue cells in 
this site and many of these cells are seen to contain 
india ink. (c) 



Rab b it j.. 3. Weight 2,200 grammes. 3 cc . India ink so- 

lution given on each of two succeeding days. 6 days lat- 

er manganese chloride injections begun.: .18 g2s e given 

in twelve days. Death on the thirteenth day. 

The liver is mottled and the lobes are ringed with 

black. Spleen 1.62 grns. 

Microscopically: Amorphous degeneration of liver cells 

at outer zpne. Some fatty degeneration in the central 

parts of the lobule. harked increase of new cells in 

the outer part of the lobule. The India ink is heavily 

loading many of the Kupffer culls while others are quite 

unaffected. A proportion of the newly formed cells con- 

tains ink particles, but probably not more than about 

30%. Van Gieson's stain shows the early appearance of 

collagen among the new connective tissue cells. The 

spleen is congested and shows some formation of new 

macrophages which do not contain ink particles. 

Those cell reactions were studied in six vitally 

stained animals,and the results were similar to the 

above. The majority of the newly formed connective 

tissue cells did not contain India ink, but a certain 

proportion of them contained a variable amount of ink 

particles. 

The reaction of the Kupffer cells to the intro- 

duction of foreign bodies has been studied by Biebl, 

(1929) in the formation of abscesses by Bloom, (1928) 

and in aseptic inflammations of the liver byvalyschew, 

(1927), BBingeler and Wald, (1928) and Higgins and 

Murphy, (1930) . Biebl attributed the mononuclear reac- 

tion to foreign bodies to the Kupffer cells and the 
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polyblasts of the portal spaces. In the experimental 

abscesses studied by Bloom, no participation of the stel- 

late cells in the formation of mononuclear phagocytes 

could be recognised. Bloom therefore regards these exu- 

dative mononuclear cells as being haematogenous in ori- 

gine it'alyschew went to the opposite extreme and presen- 

ted a picture of the Kupffer cell as an important pri- 

mitive stem cell which could not only produce monocytes 

and fibroblasts,but also myelocytes and granular white 

corpuscles. All these might be seen in aseptic inflam- 

mation following a burn of the liver tissue, but the in- 

jection of trypan blue, (according to L lyschew), would 

prevent the development of myeloid tissue. 

Bfingeler and Wald repeated Malyschew's experiments 

and found that the response to the Kupffer cells was in 

no way interfered with by the use of intravital dyes. 

When the Kupffer cells were identified in this manner, 

they might be seen to play a part in the formation of 

local monocytic accumulations, but not in the production 

of granular leucocytes. Dye storage could be seen in the 

newly -formed granulation tissue at the site of a burn of 

the liver tissue. Higgins and Murphy, using the same 

methods as Btingeler and Wald to produce aseptic hepatic 

inflammations in rats, showed that the graphite-laden 

Kupffer cells tend to form a wall round the lesion and 

ultimately play a part in the formation of the fibro- 

blasts which wall off the lesion. 



Very little attention has been paid to the reac- 

tion of the Kupffer cells in cirrhosis. Moissejew, 

(quoted by Malyschew), mentioned that the Kupffer cells 

have a share in the formation of the connective tissue 

in human cirrhosis. In a paper by the Eursts on experi- 

mental manganese cirrhosis it is mentioned that the Kup- 

ffer cells survive and show signs of proliferation, an 

observation we have confirmed. The most recent French 

opinion is that of Albot (1931) who suggests that the 

histiocytic infiltration which precedes fibrosis takes 

origin from the periportal connective tissue.. Fies- 

singer and xlbot,(1929), however, mention that the 

Kupffer cells undergo swelling and proliferation, and 

their contention in this respect is supported by Mar- 

tin, (1927) . 

Our results show that a small but definite pro- 

portion of the newly formed connective tissue cells 

contain ink particles. Our results differ from those 

of Higgins and Murphy, in that the lesion which we have 

produced is diffuse while that which they caused was a 

localised burn. ÿúhile they obtained a mobilisation 

and migration of graphite -laden cells towards the lesion, 

no such local accumulation would be called for in the 

type of lesion with which we are dealing. On the other 

hand, the number of cells involved in a diffuse hepatitis 

would be much greater, and we should expect a greater 



Rabbit No. Weight 

(grms) 

Duration of Weight of Iviaximum 

Experiment. Spleen (gm) Normal wt. 

(days) (.5g/kilo) 

Approx. 

times no 

R.I.1. 1900 14 2.15 .95 2.2 

R.I.2, 2240 13 3.35 1.12 3.0 

R.I.3. 2300 13 1.62 1.15 1.4 

R.I.4, 2100 14 3.0 1.05 2.9 

R.I.6. 1950 13 1.8 .97 1.8 

R.1O. 1950 24 2.1 .97 2.1 

U.R.1. 2200 10 1.05 1.1 1.0 

U.R.6. 2600 14 5.0 1.3 3.9 
U.R.3 . 2100 14 5.0 1.05 4.7 

U.R.B. 2650 53 2.4 1.3 1.9 

U.R.2. 2400 34 0.8 1.2 0.7 

U.R.S. 2800 32 2.6 1.4 1.9 

TJ.R.7. 2150 71 1.2 1.07 1.1 

R.28. 1540 155 1.6 0.77 2.1 

R.12. 2370 24 2.6 1.18 2.2 

R.2O- 2650 74 4.0 1.32 3.0 
R.11. 3260 2 2.55 1.63 1.6 
R.19. 3100 7 1.65 1.55 1.1 

R.24. 1670 70 0.8 0.83 1:6 

R.32. 1570 27 1.25 0.78 1.6 
R.23. 1870 28 3.1 0.93 3.3 
R.27. 2350 5 1.9 1.17 1.6 

R.14. 2400 24 1.47 1.2 1.2 

R.21. 1470 65 2.2 0.73 3.0 

R.15. 3500 29 2.0 1.75 1.1 

R.16 . 2100 38 1.4 1.05 1.3 

R.22. 2420 226 2.7 1.2 2.2 

R.33. 2100 210 2.3 1.05 2.2 

R.19. 3100 7 1.65 1.55 1.1 

R.31. 1670 210 3.0 0.83 3.6 



mobilisation of resting histiocytes than would occur in 

a localised lesion. It is difficult to estimate what 

proportion of new connective tissue cells are derived 

from previously local active histiocytes in diffuse 

experimental hepatitis, but the number, from these 

personal observations, is probably not more than 20- 

30 per cent. 

3. The reaction of the Spleem. 

It has already been noted in one or two of the 

protocols given above that the spleen was somewhat en, 

lagged. The normal spleen in rabbits weighs from .3 

to .5 grammes per kilo (Krumbhaar 1926). Dunn, (quo- 

ted by Muir, 1932.), found the weight of the spleen to 

be a little less than this. Taking the maximum normal 

expected weight as .5 grammes per kilo, we find decided 

enlargement of the spleen in a considerable proportion 

of oar experiments. The weights in thirty experiments 

are given in table .Iv, . In fourteen out of thirty rab- 

bits with experimental hepatitis, the spleen was more 

than twice the normal maximum weight for an animal of 

that size. Seven of the thirty animals showed splenic 

enlargements to three or more times the normal size. 

The enlargement did not appear to be accounted 

for by congestion alone, although in most cases the venous 
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Fig.foft-. (Oil ivriersion) Spleen of rabbit 23: 
stained by Eosin and. Methylene blue, 
Note the proliferation of large endothelial 
phagoc,tic cells in the sinuses. Many 
of the cells contain ingested erythrocytes. 

Pig. 5. (Oil immersion) Spleen of rabbit 23. 
Note the large phagocytes containing ingested red cells. 
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Fig. /40. (Low power) Spleen of rabbit 20. 

Note the proliferation of new lymph nodes. 
(Stain: Eosin and methylene blue). 

(x 450) Spleen of rabbit 20. 
Note the proliferation of large rounded 
active histiocytes (p). One at least of 
these contains ingested red corpuscles. 
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(x 550) Spleen of rabbit 19. 

Note the proliferation of large active histiocytes 
in the sinuses 
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sinuses were dilated, and in one or two instances the 

venous congestion was intense. In most instances 

there was evidence of reticuloendothelial hyperplasia 

in the form of numerous large round cells in the venous 

sinuses, and in one or two =.cases erythrophagocytosis 

wEls also seen. In no cases was there any reticular 

thickening in the direction of collagenisation. In those, 

spleens which had been stained intra-vitam with India -ink 

the new formation of large round macrophages did not 

appear to come from the ink,-laden cells. 

In one or two of the enlarged spleens the macro- 

phage reaction was associated with the presence of clumps 

of granular leucocytes in the spleen sinuses. In one of 

the enlarged spleens there appeared to be a growth of new 

lymph -nodes which seemed to extend along the vessels 

from the neighbouring Malpighian bodies. 

Some of the splenic changes are depicted in 

the adjoining illustrations. 

(Figs. 64, 65, 66, 67, 68.) 

DISCTJSSION. 

The experiments described illustrate a form of 

hepatitis caused by an agent (manganese) which has its 

primary action oh the liver cells. Following upon the liver 

cell damage, a mesenchymal response takes place which in- 

volves a local proliferation of histiocytes in the liver 
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and frequently also in the spleen. 

In the liver itself various types of cell damage 

are produced, one of the most striking of which is the 

"amorphous degeneration" of the French writers, which is 

said to result from the diffusion of lipoids through the 

protoplasm, (Robert- Chavis, quoted by A.lbot) . Patty 

degeneration is also seen, and of course various degrees 

of cloudy swelling. Necrosis of the liver cells occurs 

leading to rhexis or pyknosis of the nucleus, swelling 

and, ultimately, disappearance of the affected yells. 

During the first two days after the damage of the liver 

cells, very little cellular reaction has appeared. 

Nevertheless the Kupffer cells are seen to be the only 

surviving cells in the midst of the areas of liver cell 

necrosis. By the end of the first week all the reactive 

appearances are present. Attempts at regeneration Of the 

liver cells appear during the second week, as evidenced by 

large hyperchromatic liver cells with multiple nuclei seen 

at the periphery of the lobule. These signs of regenera- 

tion are present together with the evidences of liver cell 

damage already enumerated.. "Bile thrombi" may occur in 

association with the damaged liver cells. 

Proliferation of bile ducts is also a striking f ea- 

tore 

Vascular reactions are difficult to interpret on 

account of the curious circulatory conditions within the 

liver. 



In some of the experiments there is a greatly in- 

creased vascularity of the portal spaces, but this may be 

associated with the new connective tissue growth, rather 

than with the inflammatory process itself. In the ear- 

lier stages before there is any new connective tissue 

growth around the portal spaces, the sinusoids at the peri- 

phery of the lobule are often dilated, and leucocytic in- 

filtration is seen._ There may be also dilatation of the 

capillaries around the bile -ducts in the portal spaces, 

but leucocytic exudation is seldom seen here. One point 

which may be mentioned under this heading is the dilata- 

tion of periportal lymphatics which is a common and early 

feature. 

We now come to the point which is our primary con- 

cern: the mesenchymal response. As has already been men- 

tioned, the Kupffer cells appear to survive the onslaught 

of the toxic agent on the parenchymal cells. A few days 

after the liver cell damage has begun, the Kupffer cells 

may be seen in mitosis, and active proliferation of the 

cells is thus evidenced. Proliferation of new connective 

tissue cells or their precursors, whatever their origin, 

takes place in relationship to the damaged cells to the 

greatest extent, and ultimately an occasional surviving 

liver cell may be seen isolated in the midst of the con- 

nective tissue new growth. The new production of con- 

nective tissue cells does not as a rule extend beyond the 
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zone of damaged liver cells which is always at the peri- 

phery of the lobule. 

Under favourable circumstances, new connective tis- 

sue cell formation may be seen to occupy an isolated area 

where a liver cell has undergone autolysis. This is seen 

in Fig. 5 7 . In this particular instance, the Kupffer 

cells and the reticulin wall of the sinusoid could be made 

out, and the new histiocytes had made their appearance 

in the perivascular space between the sinusoid and the 

liver cell columns. This space is generally held to be a 

lymph space. In such a situation as this, the probability 

is that the cells took origin from the Kupffer cells 

lining that particular portion of the sinusoid. The only 

other possibility is that histiocytes grew from the peri- 

portal tissues into the perisinusoidal lymph- space, agains_c 

the lymph- stream, and without leaving any "stem" to show 

the "root "from which they had grown. That the Kupffer 

cells play a part in the formation of the new connective 

tissue cells is shown by the vital staining experiments. 

The lymphatic reaction. 

It has already been mentioned that the lymphatic 

channels of the portal spaces are often dilated in the 

course of experimental hepatitis. In addition to this 

change there is often seen a round celled infiltration of 

the portal spaces, around the bile -ducts. This is so 

striking that Findlay took it to mean biliary inflammation 
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and went the length of saying that manganese cirrhosis 

was biliary in origin.schoff (1932) has reviewed this 

question of portal lymphatic infiltration, and points out 

that it occurs in many diseases which have nothing to do 

whatsoever with the biliary passages. In all cases it 

probably indicates some form of damage to the hepatic 

parenchyma. The metabolic products of the liver in so far 

as they do not leave it by the hepatic vein are carried 

by the lymphatics to the porta hepatis 

The Significance of the Mesenchymal Reaction. 

Whatever the stimulus may be which leads to local 

histiocytic proliferation within the liver, it seems to be 

confined to the lymphatic system of the organ. This is 

evidenced in two ways: 

1. The beginning of the process in the perisinu 
soidal lymph space. 

2. The associated local increase of lymphoid cells 

in the portal spaces. 

Dilatation of lymphatics in the portal tracts has 

also been noted in some of the experiments. In common 

with other inflamed tissues it is probable that the 

lymph flow from the inflamed liver is increased. 

The writer considers the lymph from an inflamed 

liver to be an important factor in linking up liver di- 

sease with proliferative changes in the spleen. In a 

cat weighing three kilogrammes, the flow of lymph from 



the thoracic duct may be about 2 cc per minute. 

The great bulk of this lymph comes from the liver. 

(Starling, 1909) . If the lymph flow from an inflamed li- 

ver is increased, then the amount of lymph carried from 

the liver into the blood stream must be enormous. 

It is well known that the lymph from inflamed areas 

and the lymph from areas of cellular destruction (e.g. 

areas of tumour growth) carry a stimulus to the prolifera- 

tion of the histiocytic elements which line the subcapsular 

corridor of the local lymphatic glands. From an inflamed 

liver such lymph may be passed directly into the blood 

stream. 

"The spleen is the lymph gland of the blood ". 

(Helly, 1903). 

The proliferative changes which we have seen in the 

spleen may well be due to some factor carried in the lymph 

from the inflamed liver. In its course through the lymph& 

atics of the liver, this factor may lead to local histio- 

cytic proliferation and accumulations of round cells in 

the periportal lymphatics. 

It may be of some importance, too, that such a blood 

borne irritant to the reticuloendothelial tissues of the 

spleen would come into contact with similar cells in the 

bone -marrow. 

By this hypothesis many difficulties may be overcome 

which have always been outstanding in other attempts to 



l ( 

account for the splenic enlargement of hepatic cirrhosis. 

It will be realised that the degree of splenic enlarge- 

ment will vary according to the degree of acuteness and 

the duration of the hepatitis. According to the amounts 

of the ( ?chemical) stimulant liberated in the lymph from 

the liver and the time such stimulating substances act on 

the spleen, so will the degree of splenic enlargement 

vary. It is quite comprehensible that hepatitis may 

exist without a sufficient stimulus to splenic enlarge- 

ment being liberated at all. 
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Chapter 7. 

THE PHYSIOLOGY OIS THE PORTAL CIRCULATION. 

In the above account of the pathology of hepatd -- 

lienal fibrosis, it is seen that considerable stress has 

been laid on portal congestion as a fundamental factor 

in bringing about certain characteristic vascular changes. 

While the occurrence of such raised pressure innthe 

portal system may be readily visualised in the presence of 

a shrunken and distorted liver, it was nevertheless obvi- 

ous during this study that the vascular changes occurred 

in the absence of gross cirrhosis. Indeed they were pre- 

sent in cases in which the liver, at the operation of sple- 

nectomy, appeared "normal ". It seemed clear that the con- 

dition of "portal hypertension" which has been postulated 

to account for the appearances can occur in the absence 

of such gross and late changes as are found in a "hob - 

nailed" liver. 

Even in the presence of gross cirrhosis the etiology 

of the raised pressure in the portal system is as yet im- 

perfectly understood. Herrick, (1907), observed that the 

portal cirrhotic liver gave passage to an amount of portal 

flow in proportion to its weight, and that scar contraction 

caused no obstruction to the portal blood vessels, in the 

large portal cirrhotic liver. 



On the other hand it was found that the portal pres- 

sure in cirrhosis was markedly influenced by the pressure 

at which fluid was passing into the liver through the hepa- 

tic artery. In the normal liver alterations in the hepatic 

arterial pressure had little effect on the portal pressure. 

In perfusion experiments on cirrhotic livers the addition 

of arterial inflow to the portal inflow markedly limited 

the latter, and for the portal flow to predominate, as in 

normal conditions, a portal pressure of 50mm. Hg. might be 

required Mclndoe, (1928), on the other hand, was unable 

to confirm these observations of Herrick. In the cirrhotic 

livers which McIndoe studied, he found that the liver cells 

were practically divorced from their portal blood supply 

and that the vessels appeared to run in the connective tis- 

sue bands between the islets of surviving liver cells. 

Slow obliteration of the porto-hepatic venous communica- 

tions might occur here by scar contraction. 

Whatever the explanation of the portal hypertension 

in the late stages of the disease, and both authors may be 

partially correct at such a stage, it is quite clear that 

raised portal pressure occurring before sclerosis has ap- 

peared cannot be dependent on scar contraction. If portal 

hypertension is present in the early stages of liver disease 

it must depend more on an alteration of physiological condi- 

tions of the portal circulation than on gross anatomical 
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changes. 

The approach to the problem of altered physiology in 

disease must be made through normal physiology, and here we find 

information on the normal circulatory conditions of the portal 

circulation deficient and inconclusive. 

The portal circulation presents a problem both from the 

anatomical and physiological standpoints, and, the conceptions 

of its in_trariepatic anatomy must of necessity influence 

our interpretation of the vaso -motor reactions in this syc.- 

tem. It is obvious that there must exist some mechanism 

whereby the pressure in the hepatic artery is reduced to a 

level equal to that in the portal system when the two 

blood streams meet and mix in the sinusoids of the liver 

lobule. 

Some of the earlier physiological observers, e.g. 

Burton Opitz, (1912), and Macleod and Pearce, (1914), 

seemed to accept the wort of Gad, (1873), who considered 

that the hepatic arterial and portal venous streams met 

by a vascular connection at an acute angle whereby a wedge- 

shaped flap valve was formed at the angle of union. 

This flap was said to shift in accordance with the pres- 

sure brought to bear on its sides, so that an increased 

flow of blood through the hepatic artery would limit the 

flow of blood through the portal vein. 



Diagram of the hepatic and portal circulation. The dotted lines represent capillaries. 
Of the intrahepatic branches of the hepatic artery, the lobular branches are the least 
numerous and the smallest. 

Ao. aorta. B.D. bile duct. C.B. capsular branches. Gl.C. Glisson's capsule. 
H.A. hepatic artery. H.V. hepatic vein. I.H.R. internal hepatic radicle of Kiernan. 
Int. intestine. L.B. lobular branch. L.L. liver lobule. P.V. portal vein. R.P.V. radi- 
cular portal vein (Ferrein). S.M.A. superior mesenteric artery. S.M.V. superior 
mesenteric vein. S. V. splenic vein. 
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This view, however, is not in keeping with the bulk 

of the anatomical evidence. Kiernan (1833) studied the 

intrahepatic distribution of the hepatic artery, and con- 

cluded that it sub -divides into branches which supply the 

bile -ducts, the walls of the portal veins and the tissues 

of the portal tracts (capsular branches, Fig.(/). 

From the capillary network thus formed, collecting 

venules gather the blood into the portal veins. These 

small intrahepatic radicles of the portal vein are term. - 

ed internal hepatic radicles (Fig.(9)4 This work of 

Kierman received authoritative support from the research- 

es of Cohnheim and Litten (1876), Pfuhl (1922), Loeff- 

ler (1927), and Cameron and ryes ( 1930). Loeffler 

draws attention to the fact that the blood supply to the 

intrahepatic bileducts corresponds in its anatomical 

arrangements to the vascular supply of. the gall bladder, 

which develops as a diverticulum of the bileducts. 

Cameron and Mayes admit, however, that an occasion- 

al small branch of the hepatic artery may pass directly 

into the liver sinusoids, and Olds and Stafford (1930) 

maintain that such branches constitute the main mode of 

distribution of the hepatic artery. If such branches 

are given directly to the lobule they must be of the nature 

of very fine arterioles to achieve a reduction of the 

pressure in the hepatic artery to a level corresponding 

to that in the portal vein. 



The prevailing views of the French workers in this 

field are summarized in poirier and Charpy's treatise 

(1905). While accepting Kierman's views, occasional 

small branches are described which pass directly to the 

liver lobule. The capsular branches of the hepatic ar- 

tery, after supplying the structures in the portal tracts 

terminate not only in the internal hepatic radicles, but 

also link up with small veins which pass directly into 

the liver lobules wit'aout joining the portal vein. 

These small radicular portal veins were apparently dis- 

covered by Ferrein (1749). 

These anatomical commiiications do not appear to 

have been considered in studies of the physiologgc of the 

portal blood flow. Clark (1928) and Bainbridge and Tre- 

van (1917), for example, assumed that there were no true 

capillaries in the liver, while other writers do not com- 

mit themselves to any definite opinion. 

The importance of keeping these anatomical consi- 

derations in mind cannot be over -emphasized in the study 

of the hepatic circulation. In perfusion experiments on 

the isolated liver, it is well known that, after about 

half an hour, the pressure in the portal vein must be 

raised to a level comparable to that in the hepatic ar- 

tery, in order, to maintain a flow through the organ. 

This suggests a free anastomosis between the two sys- 

tems. 



This anastomosis may take place by three possible 

routes: 

(a) Via the lobular arterioles through the sin- 

usoids at the periphery of the lobule. 

(b) Via the capsular branches through radicular 

portal veins (Ferrein), and the peripheral 

sinusoids of the lobule. 

(c) Via the capsular branches through the inter- 

nal hepatic radicles of the portal vein 

(Kiernan). 

It is difficult to simplify this statement further 

for the purpose of physiological considerations. One 

fact, however, is of paramount importance: an arterio- 

lar system is a theoretical necessity in order to reduce 

the great arterial pressure of the hepatic artery to a 

level equal to that in the portal vein, for these pres- 

sures must be equal when the two streams reach the hepa- 

tic sinusoids. The balance of anatomical evidence is in 

favour of a capillary communication between the hepatic 

artery and the portal vein. Ehether the capillary corn- 

rnunication is physiologically important will be consi- 

dered in this paper. 

Keeping this knowledge of the hepatic circulation 

in mind we approach the problem of the portal circula- 

tion from a new aspect. We conceive the portal venous 

system as having an outlet through the liver sinusoids 

and being fed with blood from the mesenteric arteries 



in the periphery, and also having a central inflow 

from the internal hepatic radicles inside the li- 

ver. This central inflow joins the portal ramifi- 

cations immediately before the point at which the 

portal blood passes into the liver sinusoids. 

Just beyond this point the portal stream is join- 

ed by a further inflow from the lobular arterio- 

les and the radicular portal veins. 

The object of the work to be detailed in this 

chapter is the eludidation of the effect of various 

vasomotor reactions in the liver on the portal ve- 

nous pressure, and if possible to form an estimate 

of the relative importance of the routes of anasto- 

mosis described between the hepatic artery and the 

portal vein. 

TECIThTI4UE AND METHODS. 

Cats were used throughout the ea,perimental 

work, anaesthetized, with luminal (0.2 gm. per 

kilo intramuscularly) or with chloralose (0.1 gm. 

per kilo injected into the intestine after the cat 

had been anaesthetized with ether). There was no 

difference in the arterial or venous blood pressure 

reactions with these two drugs, but with the latter 

the arterial pressure was more satisfactorily main- 

tained. The arterial pressure was recorded from the 

carotid artery in mm. Hg. The portal pressure was 



recorded from the stump of the splenic vein, the 

spleen having been removed. At first it was recordeu 

with carbon tetrachloride in the manometer (S.G. 1.58) 

In the later experiments when technical difficul- 

ties regarding floats for the manometer had been over- 

come, a 5 per cent solution of sodium citrate in wa- 

ter was used to fill the recording system. A very 

satisfactory rater manometer for ordinary purposes 

was made by C. F. Palmer Ltd., after the model sug- 

gested by Thompson (1930) for taking continuous 

blood -pressure records. A more delicate and accur- 

ate instrument was constructed for this work by ivir. 

Fraser of the Natural Philosophy Department, Aber- 

deen University. Once the cannulae were in position 

and the pens writing on the driuis, the abdomen was 

closed as far as the requisite manipulations would 

permit. The component vessels of the portal circu- 

lation were rendered easily available by loops of 

thread passed round them, so that they could be 

clamped or otherwise obstructed at any time during 

the experiments* 

The possible complicating influence of the re- 

turn of the blood from the stomach to the portal 

vein was excluded by ligaturing the gastroduodenal 

branch of the hepatic artery. This procedure cut 

off the main blood supply to the stomach. The only 



other tributary of the portal vein outside the liver 

is the cystic vein; this is so small as to be practi- 

cally negligible. In one critical experiment, how- 

ever, the cystic vein, too, was ligatured. 

For the liver -volume observations a plethys- 

mograph of the type suggested by Griffith and Emery 

(1930) was used, connected to a Macdowall volume 

recorder. 

CONPONENT FACTORS MAINTAINING PORTAL PRESSURE. E. 

In agreement with other investigators in this 

field, the blood -pressure in the portal system in 

cats was found to be on the average about 80 -100 

mm. water or 50 -60 mm. carbon tetrachloride. The 

pressure undergoes fluctuations with the respira- 

tory movements. It rises during inspiration and 

falls on expiration. According to Schmid ( 1909) 

these variations are due to changes in intra -ab domi- 

nal pressure. They are not due to respiratory al- 

terations in vena cavai pressure near, the heart, as 

these changes take place in the opposite direction, 

i.e. a rise during expiration and a fall on inspira- 

tion. The fluctuation is not due to the transmis- 

sion of pressure from the arteries, as the respira- 

tory change in pressure in the latter does not co- 

incide absolutely with the respiratory movements, 

as the portal pressure does. Since the fluctuations 
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Q, 10 Upper record: portal pressure. Lower record: arterial pressure. Chloralose anæs- 
O thesis. Hepatic artery clamped at the first arrow. This reduces the portal pressure 

by 16 mm. water. At the second arrow the mesenteric vein was clamped. The portal 
pressure is further reduced by 28 mm. water, but is still maintained at a relatively 
high level. The injection of adrenaline into the saphenous vein has no effect on the 
portal pressure until the arterial pressure has begun to fall. The slight rise in portal 
pressure is probably effected by increased inflow through collateral arterial channels 
from the bare area of the diaphragm. The removal of the clamps from the vessels 
allows the portal pressure to return to a high level. 
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are present when the abdomen is open the intra -abdo- 

minal pressure cannot be entirely responsible for the 

change. Then the portal vein was guarded against dir- 

ect pressure from the movements of adjacent viscera, 

e.g. the duodenum, the respiratory fluctuations were 

still present. It would appear, therefore, that under 

the present experimental conditions the factor respon- 

sible for the respiratory fluctuations may possibly be 

the downward movement of the diaphragm, This would 

produce a simple mechanical effect, the descending 

midriff gently squeezing the liver and causing a 

temporary obstruction to the hepatic circulation. 

By producing a simple obstruction of the var- 

ious component vessels of the portal circuit, various 

effects are obtained. Clamping the superior mesenter- 

ic artery or vein cuts off the splanchnic inflow and 

leads to an immediate fall in portal pressure, by 

some 30 -40 mm. water. The pressure, however, does 

not fall to zero and a pressure of 50 mm. water is 

maintained. As the only remaining inflow to the 

liver after this procedure is the hepatic artery, it 

would appear that the latter pressure is maintained, 

in part at least, by a transmission of pressure from 

the hepatic artery to the portal vein. (Figs Pand 

73 ) . 



In comparison with the effect of clamping the 

mesenteric vessels, obstruction of the hepatic artery 

alone causes a slighter fall in portal pressure., usu. 

ally amounting to 15 -25 mm. water. (Pigs.4(o and72) . 

This is not surprising, for, as Lacleod. and Pearce 

have shown, the hepatic artery brings about one - 

fourth to one -third of the blood which flows through 

the liver. Grab, Janssen and Rein (1929) estimate 

the proportion at much less - about one sixth. 

Three quarters or more of the blood flowing through 

the liver, therefore, comes from the mesenteric ves- 

seld. 

Obstruction of the hepatic artery thus only cuts 

off a minor part of the inflow and the pressure is 

well maintained, although at a slightly lower level, 

by the mesenteric portal flow. It appears from this 

that under normal conditions the main driving force 

of the portal system is "vis a tergo" from the me- 

senteric arteries. But since the pressure in the 

intact portal circuit is about 80mm. water, and occlu- 

sion of both the hepatic and mesenteric components 

fails to reduce that pressure by more than half, 

(Fig.70), we must assume that there is a resistance tu 

the portal flow beyond the point of entry of the in- 

ternal hepatic radicles of the portal vein. This re- 

sistance may be offered in the sinusoid bed of the 



liver, but the degree of constriction of the portal 

ramifications in the liver before they enter the 

sinusoids, and of the sublobular venules, may influ- 

ence the rate of escape of blood fro m the portal sys- 

tem. This hepatic resistance has the effect of redu- 

cing the portal pressure to the zero level which 

Bayliss and Starling (1894) recorded as being present 

at the point at which the hepatic veins join the vena 

cava. 

The Effects of Adrenaline 

and Pituitary Pressor Extract on the Portal Blood 

Pressure. 

1. Adrenaline. 

This drug was used in quantities of 0.5cc. of 

a 1 in 10,000 or a 1 in 20,000solution given intra- 

venously. The former strength was used where the 

animals were anaesthetized with luminal, while the 

latter was given when chloralose was used. The in- 

jections were given into the saphenous vein usually 

but for some special purposes, they were made intra- 

portally. The exact mode of administration is indi- 

cated on the tracings or in the legends. 

By injecting adrenaline into a systemic vein a 

rise in portal pressure is produced, This begins 

about seven seconds after the arterial pressure has 



AT J. 

hVNlflVNNYdMiYNNrtVNhV1NlNh1 
MOr.,au=.. 

T 
nowrwns ,. 

11 

1WNT1Yöt': 

Upper record: carotid pressure. Lower record: portal pressure (recorded in carbon 
tetrachloride). Luminal anaesthesia. At the arrow 1 c.c. 1/20,000 adrenaline injected 
into the saphenous vein. The carotid pressure begins to rise about seven seconds 
before the portal pressure. The portal pressure, however, continues to rise while the 
arterial pressure is falling. 



started to rise, and it continues for several seconds 

after the arterial pressure has passed its summit. 

(Fig.//). The portal pressure rise has thus two pha- 

ses: the first occurring while the arterial pressure 

is still rising, and the second while the arterial 

pressure is falling. As will be shown later (Fig. /S ) 

the rise in portal pressure after intraportal adrena- 

line begins immediately. We may assume therefore that 

the interval of seven seconds between the onset of the 

rise of arterial pressure and that of the portal pres- 

sure is due to a delay in adrenaline reaching the por- 

tal system. It reaches the arteries before the veins 

and the effect of the drug is therefore first manifes- 

ted on the arterial pressure record. The rise in 

pressure thus produced in the portal system may be 

due either to an increased inflow into the mesenteric 

or hepatic radicles of the portal vein, or to an obs- 

truction to the outflow through the hepatic branches, 

or to a combination of both. In comparison with al- 

terations in inflow and outflow, constriction of the 

main trunk of the portal vein as a whole is not like- 

ly to occur to such a degree as to exert any marked 

effect on the portal pressure. This factor was ruled 

out by experiment (p ./SS) 
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41 2 Upper record: portal pressure. Lower record: arterial pressure. Luminal anne- 

thesia. At the first arrow the hepatic artery was clamped. At the second 0.5 c.c. 

1 /10,000 adrenaline was injected into the saphenous vein. As the arterial pressure 

rose the portal pressure fell. When the arterial pressure passed its peak, however, a 

rise in portal pressure began. 



'ME MESENTERIC COMFORENT. 

If the portal vein is occluded partially by means 

of a ligature applied near the hilus of the liver, the 

portal outflow is so obstructed that the pressure sets 

itself at a higher level and alterations in pressure 

in the portal vein, dependent on intrahepatic effects 

of adrenaline, are prevented from manifesting them- 

selves on the portal pressure record. By clamping 

the hepatic artery and thus preventing adrenaline 

from reaching the liver, the intrahepatic effects 

can also be abolished. Under these circumstances 

the injection of adrenaline is followed by an imme- 

diate fall in portal pressure, which begins as soon 

as the arterial pressure starts to rise. The moment 

that the arterial pressure passes its summit, how- 

ever, the portal pressure begins to rise again and 

reaches its height about the time that the arterial 

pressure returns to normal (Fig.72) 

Thus when the hepatic component is excluded from 

the recording system the rise in portal pressure is 

delayed. Since the onlyb factor which can influence 

the portal pressure from the peripheral mesenteric 

radicles is the inflow of blood into the system, we 

assume that the inflow through the mesenteric capil- 

laries is first diminished and then increased. Clark 



15! 

has measured the flow from the mesenteric veins 

under similar experimental conditions, and finds 

that under adrenaline the flow diminishes until 

the arterial pressure has passed its peak "when 

an obvious increase occurs which returns to the 

original rate as the pressure falls ". 

The same observer states that "the fact that 

the outflow falls when the blood pressure is at 

its highest indicates that the constriction of 

the intestinal vessels is sufficiently intense to 

prevent the high pressure forcing more blood 

through the vessels. . 4 . This constriction, 

however, lasts a very short time and is rapidly 

overcome by the blood pressure. These observa- 

tions and views have been confirmed by the writer 

using Clark's method of measuring the flow from a 

mesenteric vein by counting the drops. It ap- 

pears obvious, therefore, that during the initial 

stage the portal pressure falls from diminished 

inflow, due to the active constriction of the 

mesenteric arterioles. 

then this constriction passes off and the 

arterial pressure begins to fall there occurs an 

increased inflow of blood into the portal system. 

This increased inflow is facilitated by a dilata- 

tion of the arterioles and capillaries of the 



`*14 73 Upper record: portal pressure. Lower record: carotid pressure. Luminal anaes- 

thesia. At the first arrow the superior mesenteric artery was clamped. The injection 

of adrenaline into the saphenous vein then causes a rise in portal pressure beginning 

a few seconds after the arterial pressure has begun to rise. The portal pressure is still 

rising when the arterial pressure has begun to fall. 

ßi19 -44 Upper record: portal pressure. Lower record: carotid pressure. Luminal anaes- 
thesia. The superior mesenteric vein was clamped at the first arrow. The injection 
of adrenaline into a systemic vein then causes the arterial pressure to rise, followed 
in a few seconds by a rise in portal pressure. The rise in portal pressure continues 
when the arterial pressure has passed its peak. 
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gut. Such capillary dilatation has been demons- 

trated by Clark, who considers it to be a passive 

phenomenon dependent on the increased pressure pro- 

duced by adrenaline. 

TEE REPATIC COMPONENT. 

Baying shown that the second phase of the 

adrenaline rise in portal pressure is due in the 

main to an increased flow into the system from the 

dilating mesenteric arterioles, it may be assumed 

that the first phase is due to an intrahepatic ef- 

fect. This seems to be the ease. If we occlude 

the return of blood from the mesenteric vessels, by 

clamping either the superior mesenteric artery or 

vein,.the injection of adrenaline produces a rise 

of portal pressure which begins some 7 seconds 

after the arterial pressure has begun to rise. 

There is thus a short latent period exactly corres- 

ponding to thc.t occurring with the portal circula- 

tion. intact. The rise in portal pressure continues 

for some seconds after the arterial curve has passed. 

its peak. (Pigs .73 and 7.4) . 

This rise of pressure in the portal system oc- 

casioned by the action of adrenaline in the liver 

may result from any of the following causes:- 
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i. A Venous Effect: (a) By, constriction of the 
intrahepatic ramifica- 
tions of the portal 
vein beyond the point 
at which they receive 
the internal hepatic 
radicles. 

(b) By constriction of the 
radicles of the hepa- 
tic vein. 

2. A Hepatic Effect proper: 

Obstr-ì.etion of the sinusoids either by 

(a) Swelling of the liver 
cells, or 

(b) Constriction of the li- 
ver as a whole by con- 
traction of plain mus- 
cle in the capsule of 
Clisson, narrowing the 
sinusoids. 

3. An Arterial Effect: By transmission of pres- 
sure from the hepatic 
artery into the portal 
vein. 

The injection of adrenaline into the portal vein 

itself produces an immediate rise in portal pressure 

which precedes slightly the rise in arterial pres- 

sure (Fig.76). The adrenaline reaches the liver 

before it reaches the systemic circulation and thus 

its hepatic effect appears slightly before the sys- 

temic effect. Having reached a certain level a 

small plateau is seen on the portal pressure curve, 



lg 7s- Upper record: portal pressure. Lower record: arterial pressure. Luminal anaes- 
thesia. At the first arrow 0.5 c.c. 1 /10,000 adrenaline injected intraportally. The 
portal pressure rises before the arterial pressure, and a secondary rise of portal pressure 
begins as the arterial pressure passes its peak. At the second arrow the hepatic 
artery was clamped. The intraportal injection of adrenaline was repeated, but the 
secondary rise in portal pressure was abolished. 
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and a few seconds later, when the arterial pressure 

passes its peak, a secondary rise appears. Since 

this latter rise occurs at the same time as the 

rise resulting from an increased inflow through the 

mesenteric arterioles, it might be expected to be 

due to a similar effect, i.d. an increased inflow 

into the portal system through dilating arteri- 

oles. This is the explanation, but the arterioles 

are not those of the mesenteric, but those of the 

hepatic artery. This is shown by the experiment 

with the hepatic artery occluded (Fig.75), when it 

is seen that the initial hepatic rise still persists 

but the secondary rise is almost negligible and 

e longer delayed than in the first experiment. It 

is noteworthy that the adrenaline effect on the sys- 

temic circulation after intraportal injection is 

much less than the effect produced by injection 

into a systemic vein. It would appear that the 

adrenaline is held uD or altered in some way in the 

liver, so that a relatively smaller dose is passed 

on to the systemic circulation. In this way the 

mesenteric effect is also a minor one and only caus- 

es a slight rise in the portal pressure after the 

arterial pressure has passed its peak. It is possi- 

ble that this slight secondary rise may also be in 

part explained by a slight blood flow into the liver 
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/It* 1 61 (This record was taken from the same cat as Fig 714 pper record: portal pressure. 
Lower record: arterial pressure. Luminal anaesthesia. The superior mesenteric vein 
was clamped at the first arrow. At the second arrow adrenaline was injected into 
the saphenous vein. During the first phase of the adrenaline rise in portal pressure, 
the hepatic artery was clamped. This procedure abolished all further rise in portal 
pressure for the time being, and the expected peak (of. Fig74)was replaced by a trough. 
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Il / Upper record: carotid pressure Lower record: portal pressure. Cat anaesthetized 
with luminal. In this cat the abdominal viscera had been removed with the exception 
of the liver. The injection of adrenaline into a systemic vein had no effect on the 
portal pressure until the arterial pressure had passed its peak. The rise in portal 
pressure then occurring is due to an increased inflow through the hepatic artery. 

In this preparation the blood -pressure was falling rapidly, and the animal died a 
few minutes later. 
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through collateral arterial channels from the bare 

area of the diaphragmFig.70). In any case the 

main fact remains that the occlusion of the hepatic 

artery abolishes almost completely the secondary 

rise in portal pressure following the intraportal 

injection of adrenaline. 

That the hepatic artery plays an important 

role in producing the hepatic part of the rise of 

portal pressure Efter adrenaline is further illus- 

trated by the following experiments: 

If the mesenteric component is removed from 

the circuit by clamping the mesenteric vessels, 

and adrenaline is injected into a systemic vein, 

the portal venous pressure begins to rise, as we 

have seen previously (Fig.-44). While this rise is 

occurring, obstruction of the hepatic artery will 

produce an immediate trough in the curve of the 

portal pressure. A very slight rise follows the 

trough which may be due to leakage through colla- 

terals mentioned above (Fig.7C) . 

Fig.77shows the tracings of arterial and por- 

tal venous pressures obtained from a cat which had 

been subjected to removal of all the abdominal 

viscera with the exception of the liver. The por- 

tal pressure was recorded by means of a cannula 

inserted into the stump of the portal vein. 



Under these circumstances the only inflow into the 

liver is through the hepatic artery. The injection 

of adrenaline into a systemic vein has no effect on 

the portal pressure until the arterial pressure has 

passed its peak. At this point an immediate rise 

of portal pressure is seen. This rise could only 

occur by transmission of pressure from the hepatic 

artery into the portal vein by increased inflow 

through dilating arterioles. It is worthy of note 

that this preparation was failing, and it is pro- 

bable that considerable vasoconstriction of the he- 

patic artery was present before adrenaline was in- 

jected. This would so limit the inflow to the li- 

ver that adrenaline would not reach the portal vein, 

and hence no initial rise in portal pressure would 

occur. The rise only began when the hepatic arter- 

ioles were dilating with the fall in arterial pres- 

sure. With marked constriction of the artery limi- 

ting the flow through it, the portal pressure was 

still maintained at 15 -20 mm water. This pressure 

must have been due to the resistance offered by the 

tone of the portal venous ramifications and the ra- 

dicles of the hepatic vein. The reason for assu 

ming pre -existing splanchnic vasoconstriction in 

the failing preparation will be elaborated later 

gyp. )_ 
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The above facts present evidence which suggests 

very strongly that the secohd part of the hepatic 

component of the adrenaline rise in portal pressure 

is due to an increased inflow into the portal vein 

from the hepatic artery. How this increased in- 

flow occurs, and the possible influence of interve- 

ning capillaries, will be discussed when we consider 

the action of pituitary pressor extract. 

THE FIRST PHASE OF THE ADRENALINE RISE IN PORTAL 

PRESSURE. 

The initial part of the adrenaline rise in por- 

tal pressure which occurs while the arterial pres- 

sure is rising, is still unexplained. There can 

be no doubt that it is an immediate direct effect 

on the venous or sinusoidal bed of the liver, for 

it precedes the arterial effect after intraportal 

injection, 

It is conceivable that the action of adrenaline 

in producing the initial rise in portal pressure 

after intraportal injection might be due to a dim- 

inution in the calibre of the main trunk of the 

portal vein itself. To test this Tossi.bility the 

portal vein was partly obstructed by a ligature so 

as to delay the entry of adrenaline into the liver 



after intraportal injection. This procedure also set 

the portal pressure at a high level which would not 

be influenced by any change in the calibre of the 

minute ramifications of the portal vein in the li- 

vere Under these circumstances the intraportal in- 

jection of adrenaline was not followed by any rise 

in portal pressure. The injection of vasopressin 

under similar conditions produced a slight rise 

in portal pressure presumably due to contraction 

of the plain muscle in the wall of the vein. We 

assume, therefore, that with the doses of adrena- 

line used no appreciable effect is produced on the 

wall of the portal vein so far as its main trunk is 

concerned. This, however, does not exclude an in 

trahepatic effect of adrenaline on the portal rami- 

fications. 

The only method by which the cause of the ini- 

tial rise of portal pressure can be settled is that 

of plethysmography. The interpretation of the re- 

sults of liver plethysmography has given rise to 

considerable difficulty and confusion in the past. 

Bainbridge and Trevan (1917) considered that the 

liver volume increased under the influence of 

adrenaline, and they ascribed this increase to a 

swelling of the liver cells. They stated that 

the action of adrenaline in causing a rise in por- 
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tal blood -pressure could be simulated by the inject- 

ion of distilled water into the portal vein. Distil- 

led water would cause a swelling of the liver cells 

and thus the sinusoids would be obstructed. The wri- 

ter has been unable to confirm this observation. 

Clark (1928) on perfusing the excised liver, 

found that adrenaline caused a diminution of liver 

volume. Edmunds (1915) found that the action of 

adrenaline on the liver volume varied even in ani- 

mals of the same species. The effect could be 

standardized to some extent by occluding the hepatic 

artery, after which adrenaline caused an increase in 

the volume of the liver. Edmunds is in favour of 

the view that adrenaline constricts the sublobular 

hepatic veins. Francois -Frank and Hallion, in 1896, 

observed that stimulation of the splanchn.ic nerves 

caused a diminution in liver volume even after liga- 

ture of the hepatic artery. This would suggest in 

contrast to Edmunds that the main site of action of 

adrenaline is on the portal venous ramifications= 

During the past year valuable work has been 

done on this subject by Emery and Griffith (1930). 

They present incontrovertible evidence that the he- 

patic nerves act on the portal ramifications. Adre- 

naline produces a diminution of liver volume similar 

to that occurring with stimulation of the splanchnic 



78'. Upper record: liver volume. Lower record: carotid pressure. Chloralose anæs- 
thesia. Arrows mark corresponding times on the two curves. Following the injec- 
tion of 0.5 c.c. 1/40,000 adrenaline into the saphenous vein the arterial pressure begins 
to rise, and almost immediately afterwards the liver volume diminishes markedly. 
The liver begins to swell again as the arterial pressure begins to fall. 



nerves. If the preparation was failing and the 

blood,-pressure low, then the volume of the liver 

increased with adrenaline. Otherwise the initial 

effect of adrenaline was always a diminution in the 

volume of the liver. 

This work carried conviction in that the experi- 

ments were carried out with the liver in situ in the 

anaesthetized animal, and thus the criticisms which 

can be directed «.gainst observations made on the ex- 

cised organ are countered. 

The writer has repeated the experiments of 

these observers so far as adrenaline is concerned, 

and finds himself in entire agreement with their main 

findings. 

When adrenaline is injected into a systemic 

vein the liver volume diminishes markedly a few mo- 

ments after the arterial pressure has begun to rise. 

As soon as the adrenaline effect begins to pass off 

the liver volume again increases (Fig . e) . 

It is obvious that an initial constrictor ac- 

tion of adrenaline on the sublobular hepatic veins 

would cause an increase in liver volume from reten- 

tion of blood in the lobules. As this does not 

occur the initial venous effect of adrenaline must 

be on the portal ramifications. This view is con- 

firmed by the fact that the intraportal injection 
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49 7 ! . Upper record: liver volume. Lower record: carotid pressure. Chloralose anus- 
thesia. The intraportal injection of 1 c.c. 1/20,000 adrenaline leads to an immediate 
diminution in liver volume. Some seconds later the carotid pressure begins to rise. 

The fall in liver volume is due to constriction of the ramifications of the portal vein. 

/t r0 Upper record: liver volume. Lower record: carotid pressure. Chloralose anus - 
thesia. Between the first two alignment marks 10 c.c. blood were withdrawn from 
the femoral artery into a heparinized syringe. Between the second pair of alignment 
marks this blood was reinjected into a saphenous vein. Subsequent injection of adrena- 
line into the saphenous vein caused no diminution in liver volume, but after the 
arterial pressure had begun to fall an increase in liver volume occurred. Note that the 
blood pressure was 70 mm. Hg when this injection of adrenaline was given. A second 
injection of adrenaline, however, caused a diminution in liver volume followed by an 
increase, as in the healthy preparation. Adrenaline fails to reduce the liver volume 
to the same degree as hemorrhage. 
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of adrenaline brings about a diminution of liver vo- 

lume before the adrenaline effect is manifested on 

the general circulation (Fig.77) . 

When the preparation is failing, as Emery and. 

Griffith have also noted, there is little or no al- 

teration in the liver volume while the arterial pres- 

sure is rising after adrenaline. As soon as the pres- 

sure begins to fall, however, an increased inflow oc- 

curs through the dilating splanchnic arterioles and 

the liver volume increases. If a second injection 

of adrenaline be given at this time, the volume of 

the liver diminishes with the rise in arterial pres- 

sure and again increases as the pressure falls 

(Fig, áO) 
, 

Intraportal injection in the failing prepara- 

tion gives a similar result. There is no effect 

on the liver volume until the splanchnic arterioles 

dilate, when an increase of volume occurs. A se- 

cond intraportal injection then causes the liver 

volume to decrease. 

These variations in the action of adrenaline 

ob. the liver volume require further elaboration. 

Reid Hunt (1918) made similar observations and no- 

ted that the animals which responded to adrenaline 

with an expansion of the liver appeared to be in a 

condition somewhat analogous to experimental shock. 



he says:- "May not one of the features of e4perimen- 

tal shock be a change in the blood - vessels of the li- 

ver such that they can no longer respond with a con- 

traction to epinephrin ".,. . . The expansion of 

the liver after epinephrin appeared to be passive; it 

was accompanied by a marked contraction of the leg... 

The fact that no alteration takes place in the 

volume of the liver of the failing preparation un- 

til the splanchnic arterioles dilate may have two 

possible explanations: 

1. The liver sinusoids are already practically 
empty of blood, so that further constric- 
tion of the inflow cannot cause any dimin- 
ution of the volume. 

2. The inflow to the liver is already so res- 
tricted by splanchnic vasoconstriction 
that adrenaline cannot cause any further 
vasoconstriction. 

The first hypothesis can be discounted, for 

we find that it is possible further to diminish the 

liver volume in such a failing preparation, e.g. by 

bleeding the animal. This is shown_ in Fig.k). 

The second suggestion is probably nearer the truth, 

and is in accordance with Reid Hunt's theory. The 

record of portal pressure under the influence of 

adrenaline in a failing preparation shows neither the 

effect of diminished inflow through the hepatic ar- 

tery, nor any constrictor effect of adrenaline on 
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the portal vein during the initial part of the rise 

in arterial pressure (Fig. 77) . That the splanchnic 

vessels are not merely refractory to adrenaline is 

seen by their response to the second injection of 

adrenaline in Fig.'ö e It would, thus appear that 

considerable splanchnic vasoconstriction is present 

in a failing preparations This may also explain the 

fact that although the arterial pressure may fall 

considerably from the level recorded at first, the 

portal pressure remains practically unaltered, for 

general splanchnic vasoconstriction would also cause 

constriction of the portal ramifications in the liver. 

If this hypothesis is correct, it follows that 

the rise of blood - pressure from adrenaline in the 

animal with a low blood pressure occurs by cons- 

triction of the blood vessels of the limb muscles 

and of the skin. This again is in accordance with 

Hunt's view. Vasoconstriction is already pre- 

sent in the splanchnic area and those vessels 

are only relaxed by the vasodilator impulses which 

bring about the fall in pressure after adrenaline. 

The initial effect of adrenaline therefore is 

on the portal venous ramifications, where it caus- 

es venoconstriction. In the failing preparation 

this action may be masked by pre -existing vaso- 

constriction in the splanchnic area. 



á ( Upper record: carotid pressure. Middle record: portal pressure. Lower record: 
vena cavai pressure recorded from the renal vein. Chloralose ansasthesia. The injection 
of vasopressin into the saphenous vein leads to a rise in arterial pressure, accompanied 
by a simultaneous fall in portal pressure. The vena cavai pressure remains practically 
unchanged. 
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42 Upper record: arterial pressure. Lower record: portal pressure. Luminal anes- 
thesia. The injection of vasopressin into the saphenous vein leads to a fall in portal 
pressure occurring simultaneously with the rise in arterial pressure. The portal pressure 
fails to recover its original level as the arterial pressure falls again 



2. THE ACTIQTv OF PITUITARY PRESSOR EXTRACT. 

Vasopressin, injected into the systemic veins 

produces a fall in portal pressure. This effect 

is due to the fact that vasopressin acts mainly 

on the capillaries and increases their tone 

(Clark, 1930, Krogh, 1929, Carrier, 1922.). 

As a result of this increase in capillary tone, . 

the inflow of blood into the portal system is dimin- 

ished and the pressure falls 

As Clark has noted, sometimes the portal pressure 

fails to recover its previous height after the in- 

jection of vasopressin. This effect is clearly 

shown in Fig.8.. Clark ascribes this to the fact 

that during the intra- abdominal manipulations 

there has been some loss of capillary tone which 

is restored by the injection of vasopressin and 

which remains after the effect of vasopressin on 

the arterial pressure has passed off. 

The action of the first dose is always much more 

marked than that of subsequent doses. Whhen the 

mesenteric vessels are excluded from the portal 

circuit, the injection of vasopressin produces a 

further fall in portal pressure exactly comparable 

to that occurring with the portal circulation in- 

tact (Fig. $3 .) . 



jÓ3 Upper record: portal pressure. Lower record: carotid pressure. Chloralose anaes- 
thesia. In this experiment special care was taken to ensure that there was no possible 
extrahepatic inflow into the portal vein, by ligaturing the cystic and coronary veins. 
At the first arrow the superior mesenteric vein was clamped. The injection of vaso- 
pressin into the saphenous vein then produced a very striking fall in portal pressure. 
On releasing the mesenteric vein the portal pressure did not return to its original level. 



As this observation is exceedingly important, spe- 

cial care was taken to exclude all extra - hepatic 

communications between the hepatic artery and the 

portal vein, by ligaturing the cystic vessels from 

the gall bladder and the coronary vein from the 

stomach. 

This record is in marked contrast to the 

action of adrenaline under similar circumstances. 

As the arterial pressure passes its peak there is 

no rise of portal pressure comparable to that oc- 

curring with adrenaline. The action of vasopres- 

sin on the communication between the hepatic ar- 

tery and the portal vein is exactly similar to 

the action of the drug via the mesenteric vessels. 

Therefore there must exist a capillary system be- 

tween the hepatic artery and the portal vein in- 

side the liver. It is unlikely that the liver 

sinusoi'?.s, with their':inéomplete lining, consti- 

tute a capillary system reacting like that in the 

intestinal wall. From this experiment we must 

assume that there is a closed capillary communi- 

cation between the hepatic artery and the portal 

vein in the portal tracts. 

This assumption is further supported by the 

experiment shown in Fig.7&. During the venous 

part of the adrenaline rise of portal pressure 



obstruction of the hepatic artery immediately 

abolishes any further rise for the time being. 

If the communication between the hepatic artery 

and the portal vein was via the sinusoids at the 

periphery of the lobule, no such effect would 

take place. The ramifications of the portal vein 

are constricted before their entry into the si- 

nusoids. Limitation of arterial inflow into 

the sinusoids would therefore have no influence 

on the rising portal pressure. 

There must be a communication between the he atic 

artery and the portal vein before the portal 

branches turn into the sinusoids. 

The difference in the effects of vasopres- 

sin and adrenaline is due to a difference of the 

action of the drugs on the arteriolar and capil- 

lary systems. When the splanchnic arterioles re- 

lax after adrenaline the blood pressure is able to 

force blood through the capillaries, which may 

either dilate passively before the increased de- 

livery of blood through the dilated arterioles, 

or they may conceivably undergo an active dilata- 

tion comparable to that observed by Hartman and 

his colleagues in 1929, in the capillaries of 

muscle when adrenaline is applied to them dir- 

ectly. In the case of vasopressin, since the 
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capillaries are actively constricted by the drug, 

the arterial pressure is prevented from having 

any appreciable effect on the portal pressure. 

SUMMARY. 

1. The portal venous pressure in cats averages 

about 80-100 mm water. It is maintained 

partly by the inflow through the mesenteric 

and hepatic arteries, and partly by a cer- 

tain amount of tone at the outlet from the 

portal systeu. 

2. These various components play a part in the 

vasomotor reactions occurring under the in- 

fluence of adrenaline and vasopressin. 

3. Adrenaline causes first a vasoconstriction 

of the ramifications of the portal vein in 

the liver, leading to a rise in portal 

pressure. A secondary rise occurs from an 

increased inflow of blood into the portal 

system through the hepatic and mesenteric 

arteries. 

4. The initial venoconstrictor effect of adre- 

naline may not be seen in the failing pre- 

paration. 

5. Vasopressin causes a fall in portal pressure 

by producing constriction of capillaries, 

the inflow into the portal vein being thus 

diminished. This effect is the same whether 

the drug is acting via the mesenteric or he- 
patic arteries. 



6, The vasomotor reactions occurring between the 

hepatic artery and the portal vein in the li- 

ver are in all respects identical with the 

reactions occurring between the mesenteric 

artery and the portal veins Indirect evi- 

dence suggests that the hepatic artery and 

portal vein. are linked in the portal tracts 

by an arteriolar and capillary system. 



Chapter 8. 

TIE PHYSIOLOGY OF TEE PORTAL CIRCULATION. 

(continued) 

In the preceding chapter it was shown that 

adrenaline constricted the portal venous ramifi- 

cations within the liver, thus confirming the 

views of others, e.g. Francois -Frank and Hal - 

lion, and Griffith and Emery, that the post- 

ganglionic splanchnic nerves passing into the 

liver carry constrictor fibres to the portal 

venules. In addition, it was shown that when 

the splanchnic arterioles dilated with the fall . 

in arterial pressure after adrenaline injection, 

there occurred a secondary rise in portal pres- 

sure, due to increased inflow into the portal 

system. 

It is desirable to know whether there is a 

parasympathetic supply having the converse effect 

of adrenaline and the sympathetic nerves on the 

hepatic vascular system. it was thought that ace- 

tylcholine might yield a clue to this problem, 

and the series of experiments detailed in this 

paper was therefore carried out, as a corollary 

to the work with adrenaline. 

The work was carried out almost entirely on 
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cats under chloralose anaesthesia, and the dosage 

of acetylcholine ranged from 0.0005 to 0.5 mg for 

an average cat of three kilogrammes. The dosage 

and mode of administration of the drug is indica- 

ted in each tracing or its accompanying legend. 

The portal and vena cava pressures were recorded 

by water ranometers connected to the stump of the 

splenic vein and the left renal vein respectively. 

The liver volume was recorded by a plethysmograph 

after the model devised by Griffith and Emery 

(1930) . The flow from the inferior mesenteric 

vein was measured by a Condon's drop recorder. 

To record changes occurring in the stroke volume 

of the heart, a Henderson's glass'cardiometer was 

used, connected to a tambour with a slack rubber 

membrane. As it proved difficult,' and also un, 

necessary for the present purposes, to take re- 

cords showing the diastolic heart volume, a side 

valve was provided on the connecting tube. In 

this way diastolic volume is not indicated in 

the cardiometric tracings, which only show the 

relative magnitude of the rapid change in volume 

which occurs in systole. In the cat it was found 

difficult to take more than three records of the 

type mentioned at any one time, but as the general 
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ÿ. cJ Upper record: portal venous pressure. Middle record: carotid pressure. Lower 
° record: vena cava pressure recorded from renal vein. Time record: 10 sec. At the first 

arrow 0.2 mg. acetylcholine was injected into the saphenous vein. The second series of 

three times about 6 sec. after the arterial pressure has 
begun to fall. At this time the portal venous pressure begins to rise, while little signi- 

ficant change occurs in the vena cava pressure. 
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419,-.es Upper record: portal venous pressure. Middle record: arterial pressure. Lower 
record: vena cava pressure from renal vein. Time record: 10 sec. At the time marked 
by the arrows 0.2 mg. acetylcholine was injected intraportally. There is an immediate 
rise in portal pressure followed in a few seconds by a fall in arterial pressure. No 
significant change is seen in vena cava pressure. 



nature of the changes did not vary, it is possible 

to piece the observations together into a compo- 

site picture, with some degree of certainty as to 

their value in relation to one another. 

1. TEE EFFECT OIS LARGE DOSES OF ACETYLCHOLINE. 

The injection of 0.2 - 0.5 mg acetylcholine 

into a systemic vein produces, as is well known, 

a marked fall in blood- pressure together with 

slowing of the heart. The portal pressure, af- 

ter showing no change for some 5 to 6 seconds 

following the commencement of the drop in arterial 

pressure, then begins to rise (Fig.edf)e This rise 

in portal pressure is gradual during the first 

few seconds, and then it climbs more steeply, ul- 

timately falling away as the arterial pressure 

returns to normal. The injection of a similar 

dose, or even of a somewhat smaller dose, di- 

rectly into a mesenteric vein, invariably produces 

a steep rise in portal pressure, which occurs be- 

fore any change is seen in the arterial pressure 

(FigssL) . It is probable therefore that the rise 

in portal pressure, caused by the injection of 

large doses of acetylcholine into systemic veins 



Ct e6 Upper record: portal pressure. Lower record: carotid pressure. Time record: 10 sec. 
dd The intraportal injection of small doses is seen to bring about a rise in portal pressure, 

which results from a direct constricting effect on the vein. 
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is due to direct action on the portal vein, pro - 

ducing either constriction of the portal venous 

ramifications in the liver, or diminution in the 

calibre of the main trunk of the vein itself. 

Since there is no change in liver volume imme- 

diately after intraportal injection of the drug 

(Fig.eq.) it is likely that the action is a gen- 

eral one on the musculature of the portal venous 

system. A somewhat similar effect was noted by 

Fleisch (1931), who observed that large doses of 

acetylcholine caused constriction of the mesen- 

teric veins. Since this action is probably ex- 

erted directly on plain muscle, and is not rela- 

ted to the parasynipatho -- mimetic action of the 

drug, its nature will not concern us further in 

this investigation. 

2. THE EFFECT OF SMALL DOSES OF ACETYLCHOLINE. 

(a) The Portal Pressure Changes. 

Doses of acetylcholine under one -fifth of a 

milligramme injected into a systemic vein produce 

a succession of changes in the portal pressure 

different from those described above. The first 

change takes place in the arterial pressure. 

(Fig.B.)e This falls away steeply, while the 

portal pressure remains unchanged for some 6 



Upper record: portal pressure. Lower record: arterial pressure. Time record: 10 sec. 
Three successive records from the same animal showing the effect of different small 
doses of acetylcholine into the saphenous vein. Vertical lines mark corresponding 
times. 0.001 mg. brings about a fall in portal pressure with a scarcely significant 
secondary rise. With increasing doses (0.01 and 0.02 mg.) the secondary rises become 
more marked. 
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seconds before it also begins to fall. As the cardiac 

slowing passes off it is followed by an acceleration 

of the heart beat above the normal for a few seconds. 

About this time the fall in portal pressure ceases, 

and is replaced by a rise. The extent of this rise is 

dependent upon the dosage of acetylcholine and the 

degree of the initial fall in blood pressure. With 

a dose of 0.02 mg. the blood pressure has fallen very 

considerably and the subsequent rise in portal press- 

ure is correspondingly well- marked. With smaller 

doses of acetylcholine, the rise in portal pressure 

becomes less prominent. 

Excluding general effects on the calibre of 

the portal vein as a whole, the cause of a fall in 

portal pressure may be either increased outflow or 

diminished inflow. In view of the work of Dale (1914), 

and the general acceptance of the hypothesis that 

acetylcholine dilates arterioles, thus causing an 

increased flow through these vessels into the veins, 

it was thought that the most probable cause of the 

initial fall in portal pressure would be increased 

outflow from the portal venous system. To investigate 

this possibility records were taken of the effect of 

these small doses of acetylcholine on the liver volume, 

and on the pressure in the vena cava. 



*q, b D Upper record: portal pressure. Middle record: carotid pressure. Lower record: vena 
cava pressure. Time record: 10 sec. Note the abscissae marked by arrows on the right 
of each tracing. (a) 0.02 mg. acetylcholine into the saphenous vein. The portal pressure 
begins to fall 5 or 6 sec. after the arterial fall, and simultaneously (arrows) the vena 
cava pressure undergoes a very slight rise. (b) 0.05 mg. acetylcholine into the saphenous 
vein. The fall of arterial pressure is accompanied by marked cardiac slowing. Simul- 
taneously (arrows) with the fall in portal pressure a distinct rise in vena cava pressure 
is seen. 



(b) The effect of acet lcholine on liver volume and 

vena cava pressure. ( See also section (g).) 

With doses Of acetylcholine ranging from 0.001 

to 002 mg. the effect is constantly a diminution of 

liver volume (first part of fig. clg) . This diminution 

in the size of the liver begins about 6 seconds after 

the arterial pressure has begun to fall, i.e. at 

the same time as the fall in portal pressure. Fig. gg 

shows simultaneous tracings of arterial pressure, 

portal pressure and vena cava pressure. It is seen 

that, with smaller doses of acetylcholine (0.02 mg.), 

little change occurs in the pressure in the vena cava. 

Larger doses,however, cause a rise in vena cava 

pressure which occurs which occurs at the same 

time as the fall in portal pressure, and presumably 

also simultaneously with the diminution in 

liver volume. This rise in vena cava pressure 

is only present when cardiac slowing 

is marked. It was thought at first that this 

series of changes might be interpreted by as- 

suming that acetylcholine exerted a dilator 

action on the hepatic vein, thus causing an 
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Pr Upper record: liver volume. Lower record: carotid pressure. Time record: 10 sec. 
Successive doses of 0.01, 0.02 and 0.03 mg. acetylcholine were injected intraportally. 
It is seen that no change occurs in liver volume until the fall in arterial pressure appears 
The diminution in liver volume is proportional to the degree of the fall in blood - 
pressure. 
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increased outflow from the liver lobules, with a 

consequent fall in the liver volume and portal 

pressure, and an increased inflow into the vena cava. 

This increased inflow into the vena cava would mani- 

fest itself as a rise in vena cava pressure, only in 

the presence of cardiac slowing: otherwise the heart 

would be able to deal with the increased delivery 

of blood quite efficiently, and the vena cava pres- 

sure would remain unaltered. Experiments carried out 

to test this hypothesis, however, showed that it was 

incorrect. 

The invalidity of the assumption was at once 

proved by the experiment illustrated in Fig. n 

If acetylcholine dilated the hepatic veins, we 

should be able to demonstrate a fall in liver 

volume by the injection of a suitable dose into 

the portal system, and this diminution in volume 

should precede any effect on the general systemic 

circulation. As the illustration shows, this 

postulate in not fulfilled. No alteration in 

liver volume occurs until the arterial pressure 

has fallen, and further, the diminution in liver 

volume appears to be dependent up on_ the extent 

of the fall in blood-pressure. 

The true explanation of the initial fall in 

portal pressure, and of the concomitant diminution 
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L` Upper record: carotid pressure. Lower record: flow from a mesenterio vein in drops. 
Time record: 2 sec. Average rates are given in each marked interval. At the arrow 
0.002 mg. acetylcholine was injected into the saphenous vein. During the first 6 sec. 
there is little change in the rate of flow. A distinct slowing then makes its appearance. 
When the arterial pressure begins to rise the slowing becomes still more marked, and 
the flow only begins to increase again when the blood- pressure approaches the normal 
level. 



of liver volume, is therefore to be sought in the 

changes which occur in inflow rather than in al- 

terations of the outflow from the portal systems 

(e) The Flow of Blood throu, h the Splanchnic 

Arterioles under the influence of acet l- 

choline, 

Fig.9c shows the type of result constantly 

obtained when the flow from a mesenteric vein is 

measured under the influence of acetylcholine. 

During the first 6 seconds after the arterial 

pressure begins to fall, there is little change 

in the rate of flow. A distinct slowing then 

makes its appearance, and becomes most marked 

about the turning point of the arterial pres- 

sure curve. As the pressure rises the slowing 

continues to be pronounced, and as the pressure 

reaches a level approaching its original height, 

the rate of flow again returns almost to its ori- 

ginal rate. Thus the initial fall in portal 

pressure which occurs with acetylcholine appears 

to be dependent on diminished inflow into the 

portal system through the splanchnic arterioles. 

This result was at first surprising, in view 

of the opinions generally held as to the action 



!11'1 

of acetylcholine. It must be remembered, how- 

ever, that the observations from which conclusions 

were reached regarding the action of the drug on 

the arterioles, were not as a rule made on the in- 

tact animal, but on isolated perfused organs and 

tissues. This finding does not therefore in any 

way invalidate the classical work on the vasodi- 

lator action of the 'vagus- substance" . It is of 

interest in passing to note the difficulty which 

Reid Hunt (1914) found in accepting the work of 

Dale (1914). The former writer was unable to 

detect vasodilatation with acetylcholine, and 

found himself forced to explain the fall in blood - 

pressure by diminished cardiac output. 

Accepting the view, which has been amply 

proved by other workers, that acetylcholine di- 

lates arterioles, we have two possible explana- 

tions for the diminished inflow into the portal 

system in the intact animals The first is, that 

the vasodilatation may be more marked in the limb 

vessels, and the second, that the cardiac output 

may be diminished during the first stage of 

acetylcholine action. 

(d) The plow of Blood through the limb vessels 

under Acetylcholine. 
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T 1 Upper record: carotid pressure. Lower record: flow from femoral vein in drops. 
Time record: 2 sec. Following the injection of 0.02 mg. acetylcholine into the jugular 
vein the blood -pressure falls, and marked cardiac slowing occurs. During the stage of 
cardiac slowing, there is a diminution of the flow from the femoral vein. When the 
bradycardia passes off the flow is increased but is later diminished during the recovery 
of the blood -pressure. 



Fig. T shows the flow of blood from the fe- 
moral vein under the influence of acetylcholine. 

During the stage of cardiac slowing the flow is 

somewhat diminished. As soon as this stage has 

passed off, however, a distinct acceleration of 

flow above the normal level is seen, which gives 

way to a slowing as the pressure begins to rise 

again, It appears then that the cardiac output 

must be diminished during the stage of cardiac 

slowing, since there is no acceleration of the 

flow either in the splanchnic area or in the 

limbs. The subsequent acceleration which occurs 

in the flow from the femoral vein indicates, 

however, the persistence of vasodilatation in 

the limbs until the pulse rate has begun to re- 

cover. Even in the intact animal ,therefore, we 

find evidence of vasodilatation in the limbs, 

although this is masked by the diminution in car- 

diac output during the stage of cardiac slowing. 

In the intact animal there is no such evidence of 

vasodilatation in the splanchnic area, so that if 

such exists, it must be less marked than that 

which we have found in the extremities. 
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qa Upper record: cardiometer. Lower record: carotid pressure. Time record: 5 sec. At the first arrow 0.2 mg. acetylcholine was injected. With the fall in blood -pressure, 
the heart is slowed from 258 to 120 per min., and the amplitude of each beat is in- creased. For a few seconds the heart beat becomes irregular, and at this stage the out- put per beat is markedly diminished. The blood -pressure then begins to recover, and the output per beat gradually returns to normal. Fi#T 10/{ 
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7"e 1. '3 Upper record: cardiometer. Lower record: carotid pressure. Time record: 5 sec. At 

the arrow 0-0005 mg. acetylcholine was injected. This dosage is insufficient to produce 

cardiac slowing. As the blood -pressure falls the cardiac output becomes diminished, 
and increases again as the pressure rises. 
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1 R' Upper record: portal venous pressure. Middle record: cardiometer. Lower record: 
carotid pressure. Time record: 5 sec. At the arrow, 0.01 mg. acetylcholine was injected 
into the saphenous vein. The heart rate is slowed from 240 to 180, and as the slowing 
passes off, a diminution in output becomes evident. The fall in portal pressure corre- 
sponds to the stage of cardiac slowing with diminished cardiac output. The experiment 
was repeated with the injection of 20 c.c. saline into the circulation immediately after 
the acetylcholine injection. The cardiac output was raised with a corresponding rise 
of portal pressure. 
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(e) The Cardiac output under Acetylcholine. 

The output of the heart under this drug may 

be influenced in various ways. The slowing of the 

heart itself may diminish the minute volume, al- 

though the stroke volume may be increased. Se- 

condly we have the effect of peripheral vasodila- 

tation in increasing the capacity of the muscular 

system, so that less blood returns to the heart, 

and its output is diminished. 

Regarding the first possibility there can be 

no reasonable doubt. We have mentioned the evi- 

dence of diminished cardiac output in discussing 

the changes in flow through the limbs during the 

stage of cardiac slowing. There is also evidence 

of it in the rise in vena cava pressure, which has 

already been noted to occur, only when the cardiac 

slowing is mwrked (Fig. ff) . With the vagi cut to 

accentuate cardiac slowing from acetylcholine, 

the cardiometer shows an increased output per beat 

which, however, is insufficient to maintain the 

normal minute volume (Fig.24. 

The second factor, i.e. increased capacity 

of the vascular system, is one which plays a 

special part in the failing preparation in which 

there is a condition of oligaemia. The volume of 
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the circulating blood is diminished, and vasodi- 

latation in the periphery further diminishes the 

return of blood to the right heart, with result- 

ant diminution in cardiac output independent of 

slowing (Fig . q3) . In the failing preparation the 

effect of acetylcholine on the portal circulation 

is modified, and the fall in portal pressure becomes 

the predominant feature, while the secondary rise 

is usually absent (Fig./.4i ) . The reason for this 

will be discussed later (p. ). Under these condi- 

tions the portal pressure fall is seen to follow 

closely the diminution in cardiac output, and the 

portal fall is abolished when the cardiac output is 

artificially maintained. 

Thus we see that the fall in portal pressure 

which occures after the injection of acetylcholine, 

is dependent on two factors: a predominance of vaso- 

dilatation in the limbs deflecting blood away from 

the splanchnic area, and diminished cardiac output. 

(f) The State of the Splanchn.ic Arterioles under 

Acetylcholine. 

Since we have detected no increase in the 

flow through the mesenteric arterioles, and since 

the portal pressure falls and the liver volume 
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Upper record: carotid pressure. Lower record: portal pressure. Time record: 5 see. 

Bayliss compensator attached to the femoral artery. Acetylcholine (0.005 mg.) was 
injected into the saphenous vein. The usual fall in portal pressure is not evident, but 
after a delay a secondary rise is seen. With the compensator in the circuit, a marked 
rise in portal pressure begins immediately the carotid pressure starts to fall. 
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diminishes under acetylcholine, the assumption that 

the splanchnic vessels are dilated would be mere 

surmise. With a diminished flow through the 

splanchnic vessels in the presence of diminished 

cardiac output, these vessels may be dilated, con- 

tracted, or unaltered in calibre. If we could main- 

tain the amount of blood in the arterial system at 

a constant level, vasodilatation in the splanchnic 

area, if present, should be demonstrable. 

One way in which it would come to light, would be 

by an immediate rise in portal pressure as soon as 

the arterial effect of acetylcholine had manifested 

itself. These conditions can be achieved by the use 

of the Bayliss (1908) compensator. Fig.q shows the 

effects of acetylcholine under these conditions. 

There is a prolonged delay, instead of a slight fall, 

in the first record of portal pressure under acetyl- 

choline, and then the secondary rise is seen as usual. 

With the compensator in communication with the cir- 

culation, the effect is an immediate and pronounced 

rise in portal pressure at the moment Then_ the arter- 

ial pressure begins to fall. The compensator was at- 

tached to the femoral artery, and under these condi- 

tions, tracings may not show the initial fall in por- 

tal pressure as one hind limb is out of the circulation 

and its function in deflecting blood from the splanchnic 
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1,61% Upper record: portal venous pressure. Lower record: arterial (femoral) pressure. V1,616 
Time record: 5 sec. Bayliss compensator attached to carotid artery. Following the 
injection of 0.01 mg. acetylcholine a fall in arterial pressure is accompanied by a fall 
in portal pressure. With the compensator in communication with the circulation, a rise 
of portal pressure is seen as soon as the arterial pressure begins to fall, with the same 
dose of acetylcholine. 
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*g' TT In both tracings: Upper record: carotid pressure. Lower record: flow from a 

mesenteric vein (in drops). Time record: 2 sec. Compensator attached to femoral 

artery. In the upper record 0.01 mg. acetylcholine injected into the saphenous vein 

brings about a fall in blood pressure with a concomitant diminution of flow through 
the mesenteric vessels. A few minutes later, with the compensator in communication 

(lower record), a similar dose of acetylcholine is followed by an immediate accelera- 

tion of the flow, with slowing later. 



area is in abeyance. Then, however, the compensator is 

attached to the carotid artery (Fig.%) the initial 

fall in portal pressure is still seen. 

With the compensator in communication with the 

circulation, the fall in portal pressure is replaced 

by an ¡mediate rise, beginning as soon as the arterio- 

lar dilatatißn is evidenced by the drop in arterial 

pressure. 

Fig.g7shows the effect of compensation on the 

flow through the mesenteric arterioles. The upper tra- 

cing shows the usual slowing of the flow as already 

described (Section o.). With the compensator communi- 

cating with the femoral artery, the initial slowing is 

converted into an increased rate of flow. There is 

no doubt, therefore, that the splanchnic arterioles are 

dilated by acetylcholine, and, when the arterial 

system is kept filled artificially, that they can 

transmit an increased amount of blood to the portal 

system, thus causing a rise in portal pressure. 

The diminution in liver volume which was des- 

cribed in section (b) is due to diminution in the 

flow through the splanchnic arterioles. As in the 

reversal of the effects of acetylcholine on portal 

pressure and on flow from the mesenteric veins, the 

compensator also reverses this action on liver 
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Upper record: liver volume. Lower record: carotid pressure. Time record: 5 sec. 
Compensator attached to the femoral artery. 0.005 mg. acetylcholine into the saphenous 
vein gives a diminution of the liver volume beginning about 6-8 sec. after the fall in 
arterial pressure. The compensator is then connected to the circulation and, instead of 
diminishing, the liver increases in volume along with the fall in arterial pressure. 

%g.' V? Upper record: vena cava pressure. Lower record: carotid pressure. Time record: 

5 sec. With the injection of 0.01 mg. acetylcholine a fall of vena cava pressure occurs. 

The arterial pressure does not recover in the usual manner. The compensator is then 

put into communication with the circulation, and a restoration of blood -pressure with 

a rise of vena cava pressure results. 0.01 mg. acetylcholine then causes a sudden and 

steeper rise in vena cava pressure, which ultimately returns to a normal level with the 

recovery of blood -pressure. The compensator is then excluded from the circulation and 

different doses of acetylcholine then produce rises in vena cava pressure which only 

last as long as the cardiac slowing. 



volie.Instead of undergoing a shrinkage, the liver 

is seen to swell (Fig.cir). 

(g) GENERAL VENOUS PRESSURE EFFECTS. 

In Section (b), preliminary mention was made of 

the effects of acetylcholine on vena cava pressure. 

A rise in vena cava pressure is only seen in the pre- 

sence of pronounced cardiac slowing. Slowing of the 

heart alone, however, is not sufficient to determine 

a rise in pressure in the vena cava, as can be seen 

from the first curve in Fig.99. In this particular 

preparation, the volume of the circulating blood had 

to be increased before the rise in vena cava pressure 

became evident. Cardiac slowing then determined the 

extent and duration of the rise. With a slight de- 

gree of slowing, the rise of vena cava pressure was 

slight, and with more marked bradycardia the rise 

became correspondingly higher and more prolonged. 

When the blood pressure falls with acetylcho- 

line, the first effect of the compensator is to pour 

more fluid into the circulation. If cardiac slowing 

is present this excess of fluid brings about a rise 

of vena cava pressure. When theslowing passes off 

and the heart in consequence becomes more efficient, 

the excess of fluid is removed from the venous side of 

the circulation and the venous pressure falls (Fig.loo) . 



100 Upper record: vena cava pressure. Lower record: carotid pressure: Time record: 
5 sec. With the compensator in communication with the circulation 0.1 mg. acetyl- 
choline was injected into the saphenous vein. During the stage of cardiac slowing, a 
pronounced rise of vena cava pressure is seen. When the compensator is excluded from 
the circulation this rise of vena cava pressure does not occur. 
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It is unlikely that these general venous pressure 

effects could take place without some influence on the 

portal pressure. If we take the initial portal pres- 

sure fall and correlate it with the changes of in- 

flow which occur at the same time, we find that the 

inflow is reduced on an average (four experiments) 

from 136 to 99 drops per minute. The volume flow 

through the portal vein must be diminished in the 

same proportion. The initial portal pressure fall 

is about 20mm water as a rule, i.e. from 80 mm down 

to 60 mmwater. By Poiseuille's law, volume flow 

through narrow vessels 
4 

V 
end r 

1 8i 7 

where r is the radius of the blood vessel, 1 

the coefficient of viscosity of the fluid (blood), 

and p the pressure. With small doses of acetylcho- 

line we have not found any evidence of change in ca- 

libre (r) of the portal venules within the liver, 

and the viscosity of the blood `10 presumably 

remains unaltered, so that 

V K, dre Voc. 
A diminution of the volume flow from 136 to 99 would, 

therefore, account for a drop in portal pressure from 

80 to 58 mm water. This approximates nearly to the 

fall of 20 mm water which was observed in the experi- 

ments. 



It(C I Upper record: carotid pressure. Lower record: portal pressure. (Tracings sub- 
sequently cross.) Time record: 5 sec. Plethora had been induced by means of the 
injection of gum saline. Acetylcholine then brings about a rise of portal pressure in 
place of the usual fall. 



With the compensator communicating with the cir- 

culation (Figs. q S 9), the initial rise in portal 

pressure may amount to 70-100 mm water, and yet the 

only increase of inflow that could be detected was 

from 64 to 75 drops per minute (Fig.91). This would 

account for a rise of portal pressure of only 15 mm 

water. It would appear probable, that the rise in 

general venous pressure produced by the use of the 

compensator with acetylcholine (Fig.fOQ), is responsi- 

ble for the remainder of the rise in portal pressure. 

From the same argument, part of the increase in 

liver volume brought about by the compensator, is 

probably due to the rise of pressure in the vena cava. 

As shown in Fig.q/4 when the vascular system has 

been overfilled following the use of the compensator, 

acetylcholine may continue to cause an initial rise 

in vena cava pressure: in the same way a rise in por- 

tal pressure may also be brought about (Fig./of) . This 

rise takes the place of the usual fall in portal Ares 

sure and is followed by a secondary rise. 

It is thus seen that acetylcholine in the pre- 

sence of plethora of the circulation may bring about 

a rise in general venous pressure in which the portal 

system shares. The type of curve then produced 

(Fig.ol) is mentioned particularly, as it was occa- 

sionally seen in cats (2 out of 70) where there had 



been no artificial overfilling of the vascular sys- 

tem. In three experiments carried out in dogs, this 

type of portal pressure response to acetylcholine was 

present in all. 

(h) THE SECONDARY RISE IN PORTAL PRESSURE. 

In all animals where the circulatory conditions 

were good, and the blood pressure well maintained, a 

well -marked secondary rise in portal pressure was 

seen following the injection of acetylcholine. This 

rise begins when the arterial pressure is beginning 

to recover, and, generally speaking, the deeper the 

trough of arterial pressure and the steeper the sub- 

sequent rise, the more pronounced the secondary rise 

in portal pressure (Pig :rÌ). 

The fact, seen from the records-of outflow from 

the mesenteric vein (Fig.go), that the portal pres- 

sure is rising when the inflow is ;arkedly diminished, 

renders it obvious that the secondary rise in portal 

pressure must take place by a diminution of outflow 

from the portal system. It has also been noted 

that the cardiac slowing, brought about by acetylcho- 

line, is often followed by a period of increased 

pulse -rate above the original level. These observa- 

tions led to the thought that the sympathetic might 



.49- Í O A. tipper record: portal pressure. Lower record: carotid pressure. Time record: 10 sec. 
Following the administration of 20 mg. ergotoxine, 1 c.c. 1/20,000 adrenaline intra- 
portally causes little significant change in the portal pressure, and, a few moments 
later, a falling carotid pressure results. Acetylcholine then brings about a fall in carotid 
pressure with gradual recovery and a fall in portal pressure with no secondary rise. 

(C¿ la 3 Upper record: portal pressure. Lower record: carotid pressure. Time record: 5 sec. II After 20 mg. ergotoxine the reaction to adrenaline had been reversed. 0.05 mg. 
acetylcholine brought about a fall in arterial pressure followed by a fall in portal 
pressure. The recovery of the arterial pressure takes place at a uniform slow rate and 
there is no secondary rise in portal pressure. 



play a part in the recovery of blood pressure follow - 

ing its depression by acetylcholine. This hypothesis 

was put to the test by the use of ergotamine and ergo - 

toxine to paralyse the sympathetic. Fig./002.shows the 

result of this procedure. 

It.is seen that when the sympathetic is para- 

lysed, the heart beats more slowly as a result of 

some loss of sympathetic tone. The injection of adre- 

naline into the portal system no longer leads to the 

immediate rise in portal pressure which would result 

with an intact sympathetic system. No significant 

chango is seen in the portal pressure, (? no sym- 

pathetic dilator fibres), and the action of adrena- 

line on the arterial system is to bring about a fall 

in pressure. The injection of acetylcholine into 

the animal then brings about the usual fall in arter- 

ial pressure, accompanied by a fall in portal pres- 

sure analogous to the initial fall in the intact ani- 

mal. The recovery from the depression of the arter- 

ial pressure is slow and gradual, while the secondary 

rise in portal pressure is absent. The conditions in 

this animal, and in that illustrated in Fig./03, are 

such that a secondary rise of portal pressure might 

have been anticipated. 

In the preceding chapter, it was pointed out 

that the splanchnic vessels in the failing preparation 
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were in a condition of greatly increased tone, which 

accounted for the absence of any further contraction 

with adrenaline. In particular, the adrenaline rise 

in portal pressure normally resulting from the cons - 

triction of the portal ramifications within the li- 

ver was absent. It is probable that the absence of 

the secondary rise of portal pressure in the animal 

with a failing circulation is due to the same circums- 

tance. (See pig.` ,4) 

The evidence therefore suggests that the secon- 

dary rise in portal pressure after acetylcholine is 

dependent on the integrity of the sympathetic systems 

i hen this is thrown out of action by ergot, the rise 

does not take placee The secondary rise does not 

occur when the sympathetic tone has been increased as 

a result of a failing circulation. It is also to be 

noted that in the animal with paralysis of the sympa- 

thetic system, the rate of recovery of the arterial 

pressure from the acetylcholine depression is slower 

than in the animal with normal circulatory reactions, 

such as that in Figs g7, 4. The recovery rate is also 

slow in the presence of a failing circulation. The 

association of the period of rapid recovery (Fig.70), 

with a diminution of flow through the splanchnic ar- 

terioles, is evidence of splanchnic vasoconstriction 



at this stage. All these points are in favour of the 

hypothesis that the sympathetic plays a part in the 

recovery of the blood pressure after acetylcholine. 

Depending on the degree of sympathetic stimulation 

elicited, so does the secondary rise in portal pres- 

sure vary in extent. 

Thus acetylcholine resembles adrenaline in cal - 

ling out the opposing autonomic mechanism at the 

height of its action. Reflex vasodilatation and car- 

diac slowing are elicited at the point of maximum 

adrenaline effect. Acetylcholine at its point of 

maximum activity calls forth cardiac acceleration and 

splanchnic vasoconstriction. 

DISCUSSION. 

The results obtained in this investigation add 

some confirmatory evidence to the view of Griffith 

and Emery (1930) that the vagus nerve does not carry 

vasomotor fibres to the liver. These observers sti- 

mulated the vagus nerve, avoiding cardiac inhibition, 

and found no change in liver volume. The experiment 

described in Fig.10 would indicate, too, that as far 

as the portal vein is concerned, there are no sympa- 

thetic dilator fibres. The vasodilator reflexes in 

the liver obtained by Griffith and Emery were shown to 

be mediated through the splanchnics, and it is proba- 



ble that any dilator reaction which occurs in the 

portal venules must be due to inhibition of vaso- 

constrictor tone. 

Effects similar to those resulting from the 

intravenous injection of acetylcholine were obtained 

by Carnot, Gayet, and Merklen (1930), by stimulation 

of the va gus . They found an initial fall in portal 

pressure, which they ascribed to diminished inflow 

into the portal syst;m, and a rise of portal pres- 

sure, which occurred as the arterial pressure reco- 

vered. 

So far as the cat is concerned, there are ana- 

tomical reasons brought forward by Popper (1931) 

which indicate that the "Lebersperre" mechanism des- 

cribed in the dog by Mautner and Pick, and by Bauer, 

Dale, Poulsson and Richards (1932) is'absent. In 

the dog, the muscular coat of the hepatic vein is 

much better developed than that in the cat or the 

human subject. Dale and his colleagues did not find 

any clear evidence of vague control of the liver cir- 

culation nor did they record any significant results 

following the injection of acetylcholine. Grab, Jan- 

ssen and Rein (1929 -30) showed an increase rate of 

flow through the liver with atropine. Inflow and 

outflow were simultaneously increased, and thus there 



is no reason to assume any immediate vagus effects 

upon the liver circulation. Such effects as are ob- 

served are entirely secondary to alterations in the 

general circulation. 

In the experiments detailed in this and in the 

preceding chapter, outflow from the liver has not been 

measured directly. All the vasomotor reactions which 

we have obtained have been satisfactorily accounted 

for by the demonstrable changes in the circulation 

through the splanchnic vessels and the portal vein. 

In none of the experiments has there been any evi- 

dence of a controlling mechanism at the outlet of 

the liver lobule. This is in complete agreement 

with the observations made by Dale and his collabor- 

ators on the liver of the cat. 

S UIuMARY . 

I. Large doses of acetylcholine bring about a rise in 

portal pressure by constricting the portal vein. 

II. (1) With smaller doses of acetylcholine there is 

no direct constricting action on the portal vein. Two 

phases are usually seen in the portal pressure curve, 

viz. an initial fall, and a secondary rise of pressure 

(2) The initial fall in portal pressure is deter- 

mined by diminished inflow into the portal system, due 
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to the predominance of vasodilatation in the limbs, 

and to diminished cardiac output. 

(3) The diminished flow through the splanchnic 

arterioles, and the consequent fall in portal pres- 

sure, can be reversed by the Bayliss mercury compen- 

sator. 

(4) During the stage of cardiac slowing, the 

general venous pressure may rise. This rise is exag- 

gerated in animals which have been rendered plethor- 

ic; in such animals the portal pressure may rise in 

parallel with the general venous pressure, and the 

initial portal préssure fall is.not. see . 

(5) The secondary rise in portal pressure is 

due to constriction of the portal venules within the 

liver by the action of the sympathetic. It is absent 

when the sympathetic has been paralysed by ergot, and 

in the presence of a failing circulation. 

III. There is no evidence of any parasympathetic 

dilator action on the portal or hepatic venules. The 

experiments with ergot also - yielded no evidence of 

sympathetic dilator fibres to the portal vein. 
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Chapter 9. 

TTT: PATHOGENESIS OF HEPA TOLIENAL FIBROSIS= 

In this chapter we shall spm itp the findings of 

the preceding pathological and physiological observa- 

tions and attempt to correlate them in a hypothesis of 

the pathogenesis of hepatolienal fibrosis. 

Hepatitis is probably present to some degree in 

every case of the disease. During the stage of 

acute hepatitis, inflammatory products are carried 

from the liver by the lymph stream. These inflam- 

matory products, which may be substances liberated by 

the breakdown of liver cells or in some instances 

possibly bacterial toxins, are carried by the thora- 

cic duct to the blood stream. If they are present 

in sufficient amount for an adequate, time, the 

spleen enlarges to deal with them. Under these 

circumstances cellular proliferation occurs in the 

spleen and various types of proliferative change 

may be seen. It is this hyperplasia of the spleen 

which is responsible for the great splenic enlarge- 

ments (over 500 grammes) which are so often met with 

in association with hepatic disease. In short, the 

spleen acts as the lymph -gland of the liver_. 

The pure proliferative type of splenic enlarge- 

ment is unusual in chronic hepatitis, and usually 



/VI 

there are superadded the effects of portal congestione 

The effects of portal congestion may be seen in many 

cases where there are no gross evidences of liver di- 

sease, and certainly no evidences of scar tissue for- 

mation. 

If we accept as a working hypothesis that portal 

hypertension may occur in the early stage of hepatic 

cisease, we can account for all the anatomical mani- 

festations in the spleen, (except enlargement), and 

in the portal vein,in a reasonable manner, and we can 

also correlate them with the clinical manifestation 

of haematemesis and bleeding from parts of the alimen- 

tary canal other than the stomach. How are we to 

explain portal hypertension in the early stage of 

hepatitis without invoking scar contraction, distor- 

tion and the other features of the grossly developed 

disease? 

There are many possibilities to be discussed, 

and the vascular changes of hepatitis are but little 

known.. The possibilities appear to be obstruction 

of the hepatic veins, obstruction of the sinusoids, 

and obstruction of the portal vein itself. 

Gross obstruction of the hepatic veins by 

thrombosis is a rare occurrence in hepatic cirrhosis. 

It may occur as a separate condition when it gets the 



name "Chiari's disease ". Spasm of the hepatic 

veins is a possibility which must be consider - 

ed in view of the work of Dale, ivianwaring, and 

iviautner and Pick. These workers have shown 

that in the dog the musculature of the hepatic 

vein is particularly well developed, and res- 

ponds to the injection of histamine, and to 

peptone by a powerful contraction. By this 

means the portal pressure may be raised very 

considerably. 

It would therefore be conceivable that protein 

breakdown products liberated from the damaged liver 

cells might stimulate the muscular elements of the 

hepatic veins to contract. This, however, is an un- 

likely possibility for two reasons. The first is 

the anatomical nature of the hepatic veins in man 

which, in common with those of the cat, show very 

poor development of the muscular tissue (Popper). 

As a physiological parallel with the anatomical 

state of the veins, those of the cat do not respond 

to histamine and peptone in the same way as those 

of the dog. (Bauer et al.). By analogy those of 

the human subject would also, in all probability, 

fail to respond to this stimulus. Secondly, when 

contraction of the hepatic veins occurs, it is ac- 



companied by a profound fall in the blood pressure, 

due to the damming back of large amounts of blood in 

the liver, spleen and portal area. Such a fall in 

blood pressure accompanied by swelling of the liver, 

is, as far as the writer is aware, unknown it liver 

disease of the human subject. 

The second, possibility is obstruction of the 

sinusoids. This appeared to be a possible result 

of swelling of the liver cells which is a common 

feature of degeneration and necrosis of these cells. 

In the course of a prolonged series of experiments 

on cats in which the portal pressure was measured, 

one animal was encountered,accidentally, in which 

marked fatty degeneration of the liver cells was 

present. The portal pressure in this animal was 

normal, while hiSto logically the liver cells were 

definitely swollen beyond the normal size from the 

amount of fat with which they were infiltrated. 

Our observations on the degenerated livers of ex- 

perimental rabbits have never shown an obliteration 

of the sinusoidal channels by the swollen cells. 

The liver is capable of considerable distension 

(cf. the cardiac failure liver), and swelling of the 

cells of an organ could only obstruct its circula- 

tion if the capsule were rigid and undistensible. 
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The portal circulation may be obstructed by spasm 

of the venules at the point where they turn into the 

lobules. The veins at this point have been shown tü 

be supplied with sympathetic fibres, and respond to 

sympathetic stimulation and to adrenaline. It has 

also been shown that dilatation of the hepatic ar- 

tery causes an increased amount of blood to flow in- 

to the portal system via the hepatic capillaries 

which communicate with the portal vein as well as 

with the hepatic sinusoids. (chapter 7.). 

Pathologically, hepatitis probably has as one 

of its manifestations the condition of vascular di- 

latation which is common to all inflammationsLlin 

other. areas. In fully developed cirrhosis it is 

well known that the connective tissue bands repre- 

senting the portal tracts are very.vascular. The 

increased vascularity in the connective tissue 

results from the development of new capillaries in 

the young proliferating connective tissue. 

The development of new capillaries is, of course 

a later stage of the inflammatory process. In the 

early stages of the process, the condition in the 

portal tracts may be vascular dilatation only; this 

would lead to raised pressure in the portal system. 

(chapter 7.) 
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The possibility that local vascular spasm may 

occur in hepatitis has been recently raised by 

Beneke (1932). He reports a case of acute yellow 

atrophy of the liver in which there was present en- 

,iarteritis obliterans of the smaller branches of 

the hepatic artery, associated with a similar ob- 

literative process in the hepatic veins. He points 

out that this change may result from diminished 

flow through the arteries (cf. the uterine arteries 

after parturition), and invokes spasm of the arter- 

ies as the ultimate cause of the degenerative chan- 

ties in the liver. 

Beneke also indicates the fact that there is a 

pronounced individual susceptibility of the liver to 

such poisons as trinitrotoluene and cinchophen,(or 

atophan). So far as the latter poison is concerned, 

some individuals have been reported (Beaver and 

Robertson, 1931) who have developed hepatitis after 

a total dosage of one gramme, while others may take 

as much as 480 gms without the slightest sign of 

trouble. In the acute cases the onset of acute 

yellow °atrophy is sudden and massive, and the le- 

sions resemble those produced by occlusion of the 

hepatic artery. It is suggested that the hepatic 

damage is not caused so much by the direct action 

of the toxic agent on the hepatic cells, as by 
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a reflex spasm of the vessels to the liver in indi- 

viduals with a predisposition to angiospasm. 

The bases of this argument appear to be some- 

what loose, for one may equally well presuppose an 

individual susceptibility of liver cells as a spe- 

cial irritability of vessels. It is none the less 

interesting that Beneke should feel compelled to 

postulate vascular spasm within the liver by one 

process of argument, while the writer should reach 

its consideration by another. 

Although raised portal pressure could be ac- 

counted for to some degree by local vasodilatation 

within the liver, such a rise of pressure would not 

be very high, and would probably be insufficient to 

cause large haemorrhages in the spleen and stomach. 

Local spasm of the portal venules must be kept in 

mind as a possible accompaniment of some forms of 

hepatitis. Beneke thought that spasm of the hepatic 

arteries might be a reflex mechanism via the splanchnie 

nerves. In such a case the portal venules 

would be involved as well, having the same vasomo- 

tor nerve supply. 

The writer -:ould not go so far as to dscribe 

to vascular spasm within the liver a causal role in 

hepatitis. In some cases, as we have seen, the 

local venous changes have been absent. It is quite 



conceivable that local vascular spasm may occur as 

protective mechanism to shield the liver from nox- 

ious substances carried to it by the blood stream. 

We have as yet no direct evidence of portal hyper- 

tension in these cases of early hepatitis, but the 

evidences in favour of its presence are exceedingly 

strong. Just as we have to postulate coronary ar- 

terial spasm to account for anginal pain without 

local vascular lesions, we feel compelled to pos- 

tulate that in many cases of hepatitis, local vas- 

cular spasm may be an accompaniment which leads 

to the manifestations of portal congestion. 



Chapter 10. 

CLINICAL VARIETIES OF 1IEPATOLIENAL FIBROSIS. 

Banti's disease: Egyptian Splenomegaly: Bastai's 

Familial Splenomegaly. 

1. Banti's Disease. 

An excellent general account of Banti's final 

descriptions was given recently by McNee (1932) in 

his Croonian Lectures. In order to submit Banti's 

views to a detailed criticism it is necessary to 

restate some of the main points, stressing the more 

important details especially in the pathological 

descriptions. The following account is taken from 

Banti's German publications (1898 and 1910). 

The course of the disease is chronic, and may 

last for many years. The first, or anaemic stage 

of the disease is characterised by a painless sple- 

nomegaly and subsequent anaemia. The anaemia may 

be severe from the onset and dominate the picture, 

or it may be a late appearance, and compatatively 

slight; or it may be completely absent. This stage 

lasts for three to five years, but it may persist 

up to twelve or more. 

The second, or pre-ascitic stage. The liver 

becomes enlarged, and then gradually recedes. This 

stage lasts for several months, and it may be years, 



during which time the urine contains carob ilin. 

The third stage. The liver now becomes smal- 

ler, ascites develops, and symptoms of an atrophic 

cirrhosis are added. Death ensues in six months to 

a year. 

The blood picture is not pathognomonic. The 

red cells are diminished in number, but usually not 

below three millions. There is a marked deficiency 

in haemoglobin, and the colour index is consequent- 

ly low. There is a leucopenia with an absolute or 

relative mononucleosis. Primitive red and white 

cells e.g. normoblasts and myelocytes are always 

absent. 

Pathological natomy, The principal changes 

are found in the spleen. The bone-marrow is said 

to be indistinguishable from the marrow of ordinary 

secondary anaemias. The liver shows the changes 

found in the common type of portal or Laennec's 

cirrhosis. 

The spleen is markedly enlarged. There is a 

connective tissue increase which is most marked 

round the follicular and prefollicular arteries. 

In the Ialpighian bodies this process appears to 

extend through the follicle until the node becomes 

completely sclerotic. This change, which is termed 
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"fibroadenie ", is the characteristic feature of the 

disease. There is a simultaneous thickening of the 

splenic reticulum, until the meshes are narrowed 

down to tiny holes, and this thickening has the ap- 

pearance of a connective tissue increase. 

The liver is unaltered in the first stage. In 

the second stage there is a slight hyperplasia of 

the connective tissue of Glisson's capsule, which 

gradually increases, and leads in the third stage 

to the typical picture of atrophic cirrhosis. 

The splenic and portal veins often show a 

sclerosing endophlebitis. Banti assumes that the 

disease is of an infectious nature. A toxin reach- 

es the spleen via the arteries and sets up the 

fibroadenie. In the spleen toxins are formed., 

either directly by the same agent,,or indirectly 

by the disturbance of metabolism in the spleen. 

These poisons have the power of producing cirrhosis 

of the liver, anaemia and asthenia, while locally 

they determine further changes in the spleen and in 

the efferent veins. This hypothesis of the disease 

is supported by the fact that splenectomy in many 

cases of the disease brings about a cure, while 

without operation the disease assuredly leads to 

death. 

Fibroadenie. This pathological change forms 



the crux of the whole vexed problem. The last 

available note by Banti on this feature of the 

pathology of his disease is contained in a letter 

written to Professor Aschoff in 1922. Here he 

states:- 

If 
. . Banti's disease does not exist 

without fibroadenie, but fibroadenie can occur 

apart from Banti's disease. Pibroadenie begins 

round the prefollicular arteries or central ar- 

teries of the Malpighian bodies. The process 

spreads out into the follicles and also into the 

pulp which surrounds the prefollicular arteries. 

The affected follicles ultimately become sclerotic 

nodes. . . The follicles are not all affected 

at the same time. They are affected successively, 

while a number remain normal. In° cases of Banti's 

disease which have lasted for years, follicles . 
are 

found at various stages, the fibrotic process just 

beginning in some and being advanced in others." 

This description clearly indicates Banti's 

conception of the disease process so far as this 

aspect is concerned. In 1910, Banti gave the fol- 

lowing _histological details. 

Many of the follicles are quite normal in 

appearance and show no'serious structural altera- 

tion. Even in the first stage of the disease the 
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process of fibroadenie can be seen,and this process 

leads to the destruction of many of the follicles. 

Often the connective tissue growth is seen. round the 

central artery merely as a somewhat broad fibrous 

ring. The fibrous area in the centre of the folli- 

cle can be of varying width, and may take up from 

one third to three quarters of the total cross sec- 

tion. The change consists of the development of 

coarse ,f ibrous and often hyaline, connective tissue. 

In the connective tissue there are more or less 

wide elongated clefts arranged concentrically 

around the central artery of the Malpighian body. 

In these clefts or meshes there often occur nuclei 

with dense chromatin, of varying shapes. Where the 

change is not very advanced, cells may be seen which 

do not differ from those of normal lymphoid tissue. 

Banti calls these "chromoblastst1. The clefts be- 

come wider towards the periphery of the follicle 

where they contain more cells. The network, from 

being hyaline in the centre, becomes more delicate 

towards the periphery until it finally fuses with 

the normal reticulum of the spleen. The process of 

fibroadenie can still be seen around -the penicil- 

lar arteries where these terminate in the pulp. In 

the arteries themselves, not the slightest sign of 

arteriosclerosis is recognisable. Fibroadenie be- 



gins, not as a progressive change spreading from the 

central artery of the i ialpighian body, but around 

the penicillar arteries. The more advanced the 

course of the disease, the more arteries become af- 

fected. Thus it is possible to form an estimate of 

the duration of the disease, The fibrotic change 

can be followed even in the initial stage of the 

disease. 

In many cases, instead of a germ centre, there 

may be found in the Malpighian bodies a necrotic 

hyaline mass of varying shape. Banti describes 

the staining properties of this substance in detail 

so that we can be certain it is not amyloid. 

These masses, according to Bantit may take origin 

from fused necrotic cells. 

It will be noted that Banti shifts his opinion 

between 1910 and 1922 as to the site of the fibroad- 

enie. In the latter year he states that it begins 

around the prefollicular arteries, while in the ear- 

lier publication he maintains that the process be- 

gins around the penicillar arteries. This is a 

common and somewhat troublesome feature of Banti's 

different descriptions, which, however, is scareely 

to be wondered at, as he was apparently uncertain 

of the exact mode of origin of the process, and his 

opinions on this point must have been wholly 
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speculative. 

Taking the change which Banti described as 

"f ibroadenie f °, there is little doubt that this cor- 

responds exactly to the change we have described as 

periarterial fibrosis. 

This point was confirmed by Professor hschoff 

who kindly examined some of the writer's slides and 

photographs, and pronounced the change illustrated 

in Fig./7 as being identical with that described 

by Banti, and which he had seen personally in Ban - 

ti's own preparations. The thick hyaline appear- 

ance of the connective tissue, in the imiediäté 

neighbòurhoò.d:of the artery, is well sj.own, as also 

the slits and interstices containing dense chromatin 

nuclei. The connective tissue becomes less coarse 

towards the periphery where it merges with the 

framework of the spleen pulp. 

It would be difficult to assert and more diffi- 

cult to prove that the fibrosis in this case had ex- 

tended throughout the total area of a lymphoid fol- 

licle, leading to the disappearance of the latter. 

It is equally possible that the fibrosis has made 

its appearance around a prefollicular artery and 

by chance its area corresponds approximately to the 

size of a Malpighian body. 



Banti's assertion that the fibrotic process oc- 

curs around the penieillar arteries is a fact to 

which Fig. will testify. With regard to the "thick - 

enin_g of the splenic reticulum and narrowing of the 

meshes down to small holes ", these changes can un- 

doubtedly be fitted in with our findings in the spleen 

pulp. We have already shown that the collagenisa- 

tion of fibres which is seen in the sinus walls is 

probably a simple thickening of reticulin. The sin- 

uses, though nearly always dilated, show a consider- 

able variation in width, and may be quite narrow. 

Banti assumed that the liver was normal in the 

first stage of the disease, because of the absence 

of "sclerosis ". As we have seen, there are many 

cases in which the liver may appear normal to the 

unaided eye, and yet undoubted evidence of hepati- 

tis may be present microscopically.or clinically. 

With regard to the hyaline masses which Banti 

mentions as occurring in the Malpighian bodies of 

the spleen in Banti's disease, these are in no way 

to be regarded as abnormal appearances. They may be 

seen in any spleen after the age of puberty. 

(See p. 19 ). 

The Splenogenic Theory of Banti. Banti's con- 

ception of the disease process was essentially one 

of, primary splenic involvement by the Qausa. toxins. 
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The liver was involved secondarily by toxins which 

had either been manufactured or stored in the diseased 

spleen. The principal support for this theory was the 

idea that the disease could be cared by splenectomy. If 

this were a fact, it would be a strong point in favour 

of the splenogenic origin of the disease. Unfortunately 

for Banti's hypothesis, splenectomy cannot be claimed to 

affect a cure. 

The most extensive studies of the end results of 

the disease are those of Hanrahan (192S). Twenty 

seven cases were followed up of which sixteen had been 

splenectomised, and eleven had not been operated upon. 

Of the operated cases eleven were still alive, four of 

whom had survived for periods ranging from nine to 

twenty five years, while five had died between six months 

and four years after the operation. Of, the unoperated 

cases, five were still alive, four of who had survived 

eleven to eighteen years after the diagnosis was made, 

while six had died one to five years after they were first 

recognised. 

The Mayo Clinic figures were quoted by Moynihan (192/) 

in his Bradshaw lectures. Twenty seven cases had been 

subjected to operation five years or more previous to 1920, 

and of this number, only sixteen had survived. William Mayo 

admits that 10 ;ó of the cases which survived operation 
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died within the next ten years, usually from haema -- 

temesis . A. O. Whipple, in a personal communication 

to the writer, stated that he had lost a considera- 

ble number of cases from haematemesis some time after 

operation. Moorhead (192-q) describes four cases of 

"splenic anaemia" which ended fatally at intervals 

varying from a few months to nine years, after splen- 

ectomy¢ The terminal symptoms in all these cases 

were of a haemorr'aagic character. It appears, there - 

tore, that the therapeutic results do not in any way 

favour the primary splenogenic theory of the disease. 

Most clinicians of experience are familiar with 

cases of obvious hepatic cirrhosis in which the symp- 

toms have not progressed over periods of many years. 

r_ ofessor Gulland has informed the writer of a cirr- 

hosis which was found at operation -for an unrelated 

abdominal condition, and in which the patient was 

alive and well 35 years later. In view of this 

spontaneous arrest which may occur at any stage cf 

hepatic disease, it is exceedingly difficult to main- 

tain that splenectomy has prevented death from cirr- 

hosis in any given. case. The positive evidence, 

therefore, is difficult to accept and there is abun- 

dant evidence to negative the idea that the cirrho- 

sis is secondary to splenic involvement. 



We may sum up our criticism of Banti's disease 

by asserting that Banti was incorrect in his assump- 

tion that the process of fibroadenie was inflamma- 

tory in origin. Fibroadenie is identical with the 

change we have ascribed as periarterial fibrosis, 

which is one of the end results of haemorrhage 

round the solenic arterioles. 

The splenogenic theory of the disease adduced 

by Banti has no clear evidence to support it, and 

appears to be improbable. The term " Banti's disease" 

can only be used in those cases where the splenome- 

galy is preeirrhotic and shows characteristic peri- 

arterial fibrosis. Cases corresponding exactly to 

Banti's descriptions are difficult to find, and it 

would be better if the term were dropped and re- 

placed by "hepatolienal fibrosis ". The latter 

term gets over the difficulty of Banti's too rigid 

h.i5tological criteria and incorrect assumptions 

in respect of the pathogenesis. 

2. Egyptian Splenomegaly. 

An interesting account of this condition given 

by Ibrahim, Petridis and Stiven may be read in the 

reports of the meeting of the International Congress 

of Tropical Medicine and Hygiene held in Cairo in 

1928. 

Apart from the splenomegalies occurring in 
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malaria, which are common to all tropical countries, 

this form of splenic enlargement was first separated 

from the others by Day and Ferguson (1909), who des- 

cribed it as "a form of splenomegaly with hepatic 

cirrhosis endemic in Egypt ". The condition occurs 

almost exclusively among the fellaheen of the poor- 

er type, and is accompanied by all grades of bil- 

harzial, pellagral, and ankylostomiatic infections. 

The symptoms begin at an early age, indigestion, 

sense of heaviness in the abdomen, and an irregular 

fever, with signs of an advancing anaemia. The 

disease advances by stages much as Banti's disase. 

The age of hospital cases ranges from 8 to 45 (Sti- 

ven). 

Geographically, the disease is found throughout 

Egypt, being most prevalent in the region of the Nile 

delta, but according to Ibrahim, a similar type of 

splenomegaly occurs in Palestine, Syria, Turkey and 

Arabia. Gastro- intestinal disturbance and fever are 

usually the first symptoms. The fever is usually 

prolonged, and does not subside for some weeks or 

monhs, by which time the spleen is usually felt to 

be enlarged. Pain in the splenic area is common. 

The splenic enlargement is usually considerable and 

may reach as far as the pelvis, but it may be quite 

moderate. The liver may enlarge simultaneously 
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with the spleen, but it may also enlarge considerab- 

ly with relatively slight splenic enlargement, or the 

liver may remain apparently normal in size while the 

splenic enlargement progresses. Ultimately, however, 

the liver becomes shrunken and cirrhotic. At any 

stage the disease may be arrested or even cured. 

Haematemesis is said to be rare although there may 

be markedly dilated veins visible on the abdominal 

wall. 

The following pathological account is taken from 

the work of Day and Ferguson. 

The blood count in forty cases averaged 2,635,000. 

The red corpuscles exhibit considerable variations in 

size in the more advanced stages of the disease. Nu- 

cleated red corpuscles are very rare. Leucopenia wets 

the rule and the count averaged 4,500 per c.mm. The 

differential count showed 637'0 polymorphs, 25 lymph- 

ocytes, 5.5% large lymphocytes and hyaline cells, and 

6.5% Eosinophils. The last feature is to be discount- 

ed in a tropical country where the parasitic infesta- 

tion is so common. 

The bone marrow is always moro or less profound- 

ly affected. The femur always manifests an active 

transformation of its marrow, the new marrow being 

anything from gelatinous red to a deep red colour, and 

of firm consistence. The hyaline non - granular ele- 



mente of the marrow are very notably increased, with 

a relative reduction of the granular cells. There are 

seldom any evidences of nuclear activity in any of the 

types of marrow cells. 

The usual type of cirrhosis is a fine diffuse 

variety without producing much,if any,external altera- 

tion of the organ. Microscopically there is a cer- 

tain amount of cellular fibrillated tissue, mixed with 

lymphocytes, surrcunding groups of lobules, and the 

liver cells are large, swollen and highly granular. 

Here and there minute isolated foci of necrotic ap- 

pearance surrounded by collections of small mononu- 

clear cells are met with. No parasites are found in . 

the liver. In about half the cases multilobular or 

hob- nailed cirrhosis was present. 

In consistence the spleen is firm, and frequent- 

ly quite hard. It presents a uniformly and deeply 

congested pulp in which the Malpighian bodies are 

generally only detected with difficulty. There is 

hyperplasia of the lymphocytic elements of the pulp, 

general increase of connective tissue either in the 

form of a definite increase of the compact fibrous 

trabeculae, or in the larger spleens,an infiltration 

of spindle shaped cells diffusely distributed through- 

out the entire pulp. The vascular sinuses are dila- 

ted and distended with frequent interstitial haemorr- 



hages , Active phagocytosis on the partlUof macropha- 

ges towards red corpuscles and leucocytes may be seen. 

No abnormalities of note are to be found in the 

intestibe. Portal thrombosis has been found. 

In a later paper, Day states that at the onset 

of the disease, and in infantile types, there may be 

a leucocytos is of 8,000 -- 10,000. 

The etiology is at present unknown. Ferguson 

and other investigators completely failed to find any 

parasites. It was suggested by Day and Ferguson 

that "the disease is probably produced by an infect- 

ive agent as yet undiscovered which is more probably 

protozoal in nature than bacterial. 

. . . it corresponds most closely to Banti's 

disease and for the present we may be content to re- 

mark that closely compara ale,if not identical,forms 

of splenomegaly with hepatic cirrhosis occur both in 

the south of Europe and in the Northern part of the 

Egyptian Delta." 

Bilharzial infection has been said to be the cause 

of the disease (H.B.Day). A similar syndrome of he- 

patic cirrhosis and splenomegaly is said to occur in 

Japan. In dogs infected with Bilharzia.japonica, 

the transportation of eggs into the liver causes 

destruction of the portal spaces but no diffuse cirr 

bosis of the liver was produced up to the 119th. 

day after infection. No definite changes in the 



spleen were found. The evidence of this mode of 

origin is not convincing. 

Siderofibrotic foci are found not infrequent- 

ly in these spleens. 

Results of Splenectomy. It is difficult to 

follow up these cases in a country like Egypt, but 

Stiven gives the following figures for a three -year 

follow -up of cases from whom the spleen had been 

removed. 

No trace of the patient 6% 

Poor indifferent health 5.5% 
Death 19.5% 
Good reports 69% 

In this account we see a disease.very SiAr.ilar:'.if 

not identical with the cases of hepatolienal fibro- 

sis which occur in this country. The involvements 

of liver and spleen appear to be simultaneous, and 

the hepatitis which occurs may apparently be pre- 

sent without much external alteration of the liver. 

Generally speaking the spleen appears to show pro- 

liferative changes to a marked degree, and the sple- 

nic enlargement is usually greater than that which 

occurs in Great Britain. The late results of 



Fig.10A. (x 85) Spleen from a case of Egyptian 
splenomegaly, showing a periarterial haemorrhage 
delimited by (h) 

Fig.of.(x 350) Spleen from a case of Egyptian 
splenomegaly, showing dilatation of the sinuses (s). 



Fig. 105a (x 90) Spleen from a case of 
Egyptian Splenomegaly, showing an area of 
periarterial haemorrhage with commencing 
fibrosis. 
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operation indicate that the disease is not necessarily 

arrested by splenectomy. 

Through the kindness of Dr. F. E. Reynolds, formerly 

professor of pathology in Cairo, the writer has obtained 

histological sections from two cases of Egyptian spleno- 

megaly. The histological findings are illustrated in 

igs . /ak) and I05 . Perivascular haemorrhages are seen to be 

present, while moderate dilatation of the venous sinuses 

also occurs. Proliferative changes are definitely present 

in the formation of rounded histiocytes in the splenic 

sinuses. 

Prom the great enlargement of the spleen which occurs 

and the pathological descriptions of the liver changes 

given above, it seems that in Egyptian splenomegaly the 

hepatitis may be much more active and associated with more 

pronounced hyperplastic changes in the spleen than we see 

in this country. 

Egyptian splenomegaly would appear to be a diseace 

of a type exactly similar to hepatolienal fibrosis. 



3. Bastai's Familial Splenomegaly. 

Bastai (1922) described a disease which he called 

" Splenomegalia con cirroci epatica familiare". 

Eistologically, the spleen resembles that described 

by Banti, but Banti himself, who examined the sections 

would not admit them as "Banti's disease ". 

Central sclerosis in the Malpighian bodies is described 

and also thickening of the pulp reticulum. 

Similar familial cases have been described recently by 

Iudbrook (1931) and by Leesmith (1933). 

In Ludbrook's family, three out of five children had 

the disease. There was no gross cirrhosis, but the 

spleens showed "fibrotic" changes, and two of the 

children died from mesenteric thrombosis, 13 months 

and 2 years after splenectomy. Jaundice gave clinical 

evidence of liver damage in one of the patients, while 

another showed fatty degeneration of the liver cells., 

In Leesmith's family, three children out of five 

were affected by the disease, and liver involvement 

appeared to be advanced. Two of the three cases suffered 

simultaneously from xerophthalmia. It is possible that 

allied dietetic defects may have been predisposing factors 

in the hepatitis in these patients. 

By the criteria we have adopted, these cases 



are simply instances of hepatolienal fibrosis in 
which members of one family have been subject to a 

common etiological factor. 



CHAPTER 11. 

The Clinical Recognition Of Portal Congestion. 

In 1751 Kvemff (quoted by Villaret and Besancon, 

1928) noted the engorgement of the portal vein and 

the haematemeses of hepatic cirrhosis. Raikem in 

1848 indicated other signs which he ascribed to 

portal congestion, namely ascites, haemorrhoids, and 

gastro-intestinal haemorrhages. 

The subject of portal congestion was taken 

up in detail from 1899 onwards by Gilbert, and his 

pupil Villaret. Gilbert summarises his conclusions 

as follows: 

"Whenever there exists an intrahepatic vascular obs- 

truction, there occurs a series of symptoms which 

have been grouped under the name of 'the syndrome 

of portal hypertension'. The fundamental features 

of the syndrome are as follows: 

Opsiuria, or delay in the elimination of 

urine) 

Ascites, 

Splenomegaly, 

Haemorrhoids, 

Gastro -intestinal haemorrhages, and 

The development of the collateral circulation 

as seen in the anterior abdominal wall. 



Of all the symptoms which constitute this syn- 

drome, the earliest is opsiuria. The others vary in 

their order Of appearance according to the type of 

case". 

It is still maintained by the French writers 

(Villaret and Besancon) that the most delicate in- 

dex of portal congestion lies in the delay in the 

elimination of ingested water by the kidneys. The 

following investigation was carried out in order to 

test the validity of this claim. In this work the 

writer was fortunate in having the collaboration of 

Dr F.H.Smirk. 

I. Experimental Observations. 

In order to ascertain the exact part played by 

portal congestion on the absorption and elimination 

of water, it was decided to ;produce simple mechani- 

cal congestion of the portal vein by partial occlu- 

sion of its lumen by means of a ligature. B.ats were 

selected for these experiments, as the curve of 

diuresis following the administration of water to 

these animals has been found to resemble closely 

that occurring in the human subjegt (Heller and 

Smirk,l932). 

Technique. 

The operations were carried out on rats under 

ether anaesthesia and with sterile precautions. 



The abdomen was opened and a ligature passed round 

the portal vein above the entrance of the coronary 

vein of the stomach to produce partial occlusion of 

the lumen. The knot was tightened until congestion 

and slight cyanosis of the intestine became evident. 

Portal congestion having been produced in this man- 

ner, the abdomen was closed. Two series of control 

experiments were carried out. Iii one laparotómy was 

performed, but no large veins were ligatured. In the 

other series a ligature was passed round the infer- 

ior vena cava below the point of entry of the renal 

veins and tightened until venous congestion was evi- 

dent. 

The groups of animals studied include 

l. Normal rats. 

2. Rats with simple laparotomy. 

3. Rats with laparotomy and portal congestion. 

4. Rats with laparotomy and inferior vena cava 

obstruction. 

The rats were given bread and milk for three or four 

days, and no food for several hours before the begin- 

ning of the experiment on water absorption ana diur- 

esis. Sets of animals from the above groups were 

weighed and given 5 p.c. body weight of warm water 

by a small stomach -tube (no.8 catheter). To deter- 

mine the rate of water absorption, the animals were 
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killed by chloroform thirty -five minutes after giv- 

ing water. The alimentary canal, from the cardio- 

oesophageal junction to the rectum, was dissected 

out and weighed together with its contents. The 

average weight of the gut plus contents depends 

upon the amount of water absorbed, and the alimen- 

tary absorption rates of the various groups of ani- 

mals may thus be compared.. 

To determine the rate of urine formation, 

animals,whicl had had a previous diet of bread and 

milk as described above, were given 5 p.c. body 

weight of warm water by stomach -tube. The rats were 

kept in small wire cages during the experiment. On 

shaking the cage a rat will void its urine, which may 

be collected on a cotton -wool swab and weighed. The 

effectiveness of this method has been demonstrated by 

post-mortem examination of the urinary bladder. 

Autopsies were made on most of the operated 

rats, and attention was given to the development of 

venous anastomotic channels and to congestion and 

cyanosis of the gut. Owing to considerable variation 

in the size of the spleen in normal rats, the weight 

of this organ was of no value as an index of the 

severity of the portal obstruction. 



1.The Effect of Sirrmle Laparotoz :,won the previous day, 

on the Rate of Alimentary Absorption. 

It has been shown by Heller and. Smirk(1932, N33 ) 

that anaesthesia, and anaesthesia and laparotomy, in 

themselves oause for some hours a delay in the ab- 

sorption of water from the alimentary tract. In order 

to control the observations upon animals with portal 

obstruction, a set of animals from the same batch 

were subjected to anaesthesia and laparotomy only. 

in seven rats the abdomen was opened under ether anaes- 

thesia, the portal vein exposed, and the incision 

stitched up again. The following day these animals 

had a water diuresis test in the morning, while in 

the afternoon, i.e. twenty -four hours after operation 

the rates of water absorption were determined by the 

method already described. The results are shown in 

Table . 

Table.,., . 

The effect of si- le lauarotomg on the previous dam 

on the rate of alimentary absorption. 

Lumber Condition. Time after Weight of the alim- Aver, - 
of rats. giving water entary canals and age 

contents as 7, of 
Body-weight. 

8 Normal 30mins. 9.308.2,7,318.0 
6.6,7.1,6.4,7.9. 

7.7 

7 Anaesthesia and 35mins. 6.2,5.5,7.0,8.1, 7.04 
laparotomy on 
previous day. 

7.7,6.6,8.2. 



The figures obtained in this series of rats indi- 

cate that the rate of water absorption does not dif- 

fer materially from that in normal controls. Heller 

and Smirk found that the average weight of the empty 

gut in rats was 5.5 p.c, of the body weight. This 

would indicate that, in the rats which had been sub - 

jected to laparotomy,l.5 p.c. body -weight of water 

remained unabsorbed at the end of 35 minutes. As the 

amount of water given initially was 5 p.c. of the 

body weight, it is obvious that 70 p.c. of the water 

was absorbed in 35 minutes. 

It would appear therefore that the immed- 

iate effects of anaesthesia and laparotomy in depres- 

sing the water absorption rate have passed off on the 

following day. 

2. The Effect of Laparotomy and Partial obstruction 

of the Portal Vein on the Preceding; Day upon the 

Weight of the Alimentary Canal. 

In the succeeding section the effect of partial 

occlusion of the portal vein upon the rate of alim- 

entary absorption of water will be considered. The 

method employed does not distinguish between changes 

in the weight of the alimentary canal due to conges- 

tion and oedema of its wall, and those due to alter- 

ations in the amount of its content. Before we can 
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draw conclusions about the absorption rates from the 

weight of the gut, it is therefore necessary to ascer- 

tain whether portal obstruction causes any substan- 

tial increase in the average weight of the alimentary 

canal quite apart from the question of water absorp- 

tion. 

The necessity for such a control observation 

was evident in two animals which died a few hours af- 

ter operation with complete obstruction of the portal 

vein. In these there was marked plum- coloured conges- 

tion of the gut with exudation of blood- stained 

fluid into the lumen. The guts plus contents were 

respectively 11.5 and 12.5 p.c of the total body - 

weight, i.e., over twice the average normal value. 

Of this, about 2.8 p.c. body weight was represented 

by the blood-stained mucous exudate within the lumen. 

In the animals which. survived, venous obstruc- 

tion was not nearly so complete, and the wall of the 

intestine showed a much milder degree of congestion. 

Under these conditions the relationship of gut- 

weight to body weight was as follows: 



TAB TT; 

The Effect of artial. portal obstruction on the 

weight of the alimentaryT canal. 

Wei ht of Result of 
as p.c. o.' total bodz_ diuregrs test. 

weiáb.t . 
5.5 Definite delay 
7.2 Slight delay 
6.7 Harked delay 
4.6 Slight delay 
5.9 idarked delay 

5 rats with 
partial 
obstruction 
of the 
portal vein. 

Evidence of 
congestion and 
cyanosis. 

?+ 

+-h 

+-F 

Average 

10 normal 
control 
rats 

Average 

á .0 

No delay None. 

6.o 
5.9 
6.1 
5.o 
5.1 
5.1 
6.2 
5.7 
5.2 
5.0 

5.5 

It is seen from this table that the average weight 

of the alimentary canal is increased from 5.5 to 6 

p.c. of the body weight as a result of portal venous 

congestion. 



3. The Effect of Laparotomy and Partial Obstruction 

of the Portal Vein, on the preceding_ day, upon the 

rate of alimentarr absorption. 

In these experiments the progress of water 

absorption was followed by weighing the alimentary 

canal and its contents, 35 minutes after 5 p.c. 

body weight of warm water had been administered 

by stomach -tube. The results are given. in Table 

TAB T.F; 

The Effect of Portal Congestion on the Absorption of Water. 

Weight of Gut - contents Rat Stomach alone as Congestion 
' .c . bodi -weight 35-- p.c. body- weight 

*-f" 

t*+ 

*+t 
t-F-t 

fi 

+ 
*-t+ 

+4 

as numb er 
minutes after adMin i s- 

5.9 
2.5 
1.5 
1.9 

tiater mostly 
)in stomach. 
Not noted 

It I1 

It It 

II It 

II II 

tration of water. 

1R1 
1R4 
1R2 
1R6 
104 
1R3 
2R2 
2G2 
2V1 
2V2 
2V3 

Average 

10.1 
7.9 
7,9 

10.3 
13.2 
13.6 
10.5 
8.0 
8.3 
8.3 
6.4 

9.5 

It will be observed in general that there is a 

marked delay in water absorption as determined in 

this manner. Two experiments are omitted in which 

no evidence of portal obstruction was found at autop- 

sy. The average weight of the gut plus contents, 35 

minutes after giving water was 9.5 p.c. of the total 



body weight. Remembering that the average weight of 

the empty gut in portal congestion is 6.0 p.c. body 

weight (Table)q ), this would indicate that only 30 

p.c. of the water given is absorbed in 35 minutes 

instead of the normal 70 p.c. 

It appears that portal congestion is respon- 

sible for a definite delay in the absorption of 

water from the alimentary canal. Laparotomy and 

anaesthesia on the preceding day produce no such 

delay. The increased weight of the gut, from which 

delayed absorption is deduced, is too great to be 

accounted for by congestion alone which causes a 

relatively small change in the basal weight of the 

gut. 

4. The Effect of a simple la arotomvs on the pr. ecedin 

day upon the rate of water excretion the kidneys. 

íi.s already mentioned in section 1, anaesthesia 

and laparotomy, or even anaesthesia alone, cause for 

a short time afterwards a delay in the absorption of 

water, which passes off at the end of twenty -four 

hours. It remains to be seen whether the delay in 

diuresis which occurs under these conditions has also 

passed off. 

The following observations were made on the se- 

ries of animals, which, four or five hours later, 

were used for the water absorption tests (section 1). 
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Anaesthesia and laparotomy had been carried out on 

the previous day. 5 p.c. body -weight of warm water 

was given to each rat, and samples of urine collected 

at intervals of about ten minutes, The total amount 

of water excreted by individual rats at various times 

after giving water is represented on Chart I, and the 

average of these results, expressed as rates of urine 

formation on Chart Z. It will be observed that, as an 

average the progress of diuresis is similar to that 

of a series of 13 normal rats investigated by Heller 

and Smixk,(1932) under the same experimental condi- 

tions. It may therefore be concluded that the rate 

of water excretion in rats is not greatly influenced 

by laparotomy under ether anaesthesia on the preced- 

ing day. This result is consistent with the obser- 

vations made in section 1, that the rate of water ab- 

sorption is relatively unchanged in these circumstances. 

5. The Effect of Laparotomy and obstruction of the 

Portal Vein upon the rate of water excretion by the 

kidneys measured at various times after the operation 

Two series of results have been obtained. In 

the first a group of animals with portal occlusigh 

were compared with the animals of section 4 under 

uniform conditions. In the second diuresis experi- 

ments were performed on a series of rats before and 
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at intervals of 1,3,5,añd 7 days after the operation 

of portal ligature. 

Group 1. 

The individual diuresis curves from this series 

are shown in chart 3. It will be noted , however, 

that both in chart and in chart which records the 

average of the TO- oxperiments, that the rate of urine 

excretion is lessened, and the duration of diuresis 

is prolonged. At the end of one hour the average 

amount of urine excreted by the control rats is 2.6 

cc, while only 1.4cc has been excreted at this time 

by the rats with portal congestion. In the control 

rats (chart /) the average output at the end of two 

and a half hours is 4.4 p.c. body - weight, while in 

the animals with portal obstruction 3.13 p.c. had 

been excreted. 

Group 2. 

In this series of animals the response to 

5 D.C. body - weight of warm water was tested before 

and 1,3,5,and 7 days after partial obstruction of 

the portal vein. The mean daily curves of the 

group are shown in chart/f. From a consideration 

of these averages it is quite clear that diuresis 

takes place much more slowly on the day after oper- 

ation. By the fifth day the rate of urine formation 

had returned to normal. In the animals which survived 
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until the seventh day after operation, the progress 

of water excretion was rather above the normal rate. 

5. The rate of water absorption one week after p_ar- 
tial portal obstruction. 

The question now arises as to whether the improvement 

which occurs in the rate of diuresis a few days after 

operation is to be related to a return of the absorp- 

tion rate to normal. 

In all the animals which survived to the end 

of a week post mortem examination revealed fairly well 

developed anastomotic channels between the portal 

and systemic veins, especially along the lesser cur- 

vature of the stomach, but also in the lumbar region. 

The appearances of congestion. of the gut were not 

so obvious. 

The result of a water absorption test one 

week after portal obstruction is shown in table 

TAB T LF; 19 
The effect of partial obstruction of the ortal vein 

on the rate of alimentar absorption at the end of 7 days. 

Number Time after Weight of alimentary canals Average. 
of rats. giving water . -contents as p . c . body- wt . 

9 35 minutes 9.8,9.8,8.6,8.0,7.3,9.3, 8.5 7.6,6.4,10.2. 
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It is seen that there is definite delay in the absorp- 

tion rate, only 50 p.c. of the water having been ab- 

sorbed as against the normal 70 p.c. in 55 minutes. 

It appears therefore that a normal diuresis 

curve may occur in the presence of delayed absorp- 

tion of water from the alimentary canal. 

6. The Effect of Obstruction of the Inferior Vena 

Cava on the absorption and Excretion of ingested 

water. 

From the experiments described in sections 4 and 5 

it is obvious that the delay in diuresis which is 

seen the day after portal obstruetion, is not necess- 

arily the result of slow absorption of water from the 

gut. 

It was therefore decided to carry out an operation 

of similar type and severity on another series of rats. 

Under ether anaesthesia a ligature was passed round 

the inferior vena cava inferior to the point of entry 

of the renal veins, to occlude the lumen partially. 

Sixteen rats in all were thus treated. Twelve out 

of the sixteen gave a normal diuresis curve and a 

normal absorption rate on the following day., In 

four of the sixteen rats however , a marked delay 

in diuresis occurred on the day after operation. 

The water absorption rate in two of these four rats 



was normal,when tested an hour or two after the diu- 

resis experiment, 66 p.c. of the water given having 

been absorbed in 30 minutes. The other two rats 

which showed a delayed diuresis were allowed to sur- 

vive until the third day after operation, when the 

administration of water resulted in a normal 

diuresis (Chart 5 ). 

Discussion 

In our experiments we have produced a condition of 

portal congestion, which was evidentd the day after 

operation , by cyanosis and increased weight of the 

gut. 

At first we had some doubts as to the persistence 

of raised portal pressure 24 hours after its produc- 

tion by partial occlusion of the portal vein. 

Bolton (1907) showed that after obstruction of the 

inferior vena cava above the liver, the venous pres- 

sure, raised at first, fell to a normal level in an 

hour of two. This phenomenon Bolton ascribed to 

dil4tation of the capillaries of the congested area. 

We have repeated Bolton's experiments and honfirmed 

his observations, but have reached a different con- 

clusion as to the mechanism involved in bringing about 

the fall of venous pressure. These observations will 



0735 

be published elsewhere. Meanwhile we can state defin- 

itely that obstruction to the portal vein, or the 

inferior vena cava below the liver , thus damming 

back a smaller portion of the circulating blood than 

in Bolton's experiments, is not followed by a fall 

in venous pressure. Talma(1924) in experiments on 

portal congestion, also found that no significant fall 

in venous pressure occurred after it had been raised 

by partial occlusion of the portal vein. 

Our experiments show clearly that portal 

congestion causes a delay in the:-absorption of water 

from the alimentary tract. This delay is still 

present at the end of a week although slightly rel- 

ieved by the development of a collateral circulation. 

In a- :number of animals in which water abs- 

orption tests were carried out after partial ligature 

of the portal vein, a considerable amount of water 

still remained in the stomach;as no gastric retention 

was observed in the animals with laparotomy only, a 

simple post-operative atdny would hardly account for 

it. In addition to the water retained within the 

stomach an excess of water was also found in the in- 

testine. It appears that both a gastric and intes- 

tinal component contribute to the delay in absorp- 

tion. 

The day after the operation of portal obstrue- 
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tion, there is a definite delay in diuresis in the 

majority of the animals. It is probable that the 

slow absorption of water from the alimentary canal 

is a contributing factor in this delayed excretion 

of water, but this is not the sole cause. A delay- 

ed diuresis may be seen in some cases (25 p.c.) of 

inferior vena cava obstruction, where the water 

absorption rate is not interfered with. Also a 

normal diuresis is the rule at the end of a few days 

after portal obstruction , when the rate of water 

absorption is still diminished. 

This observation adds further confirmation to 

the observation of Heller and Smirk that the onset 

of diuresis is not an immediate direct result of the 

absorption of water , but involves some intermediate 

mechanism. Provided enough water is absorbed to start 

a diuresis, then even the slow rate of absorption which 

we have seen (section s) would be sufficient to main- 

tain a normal or nearly normal rate of water excretion. 

It is obvious then that the mechanism of water 

excretion may be affected independently of defects in 

water absorption. Whatever the actual factor may be 

which leads to impaired excretion of water by the kid- 

neys, it can be elicited in 25 p.c. of cases of exper- 

imental obstruction of the inferior vena cava. Heller 

and Smirk(1933) have shown that there may be an approx- 



imate relationship between the severity of operative 

d 

interference and the inhibition of the normal diuresis. 

Whatever the factor involved, rats with vena ¢ava obs- 

truction recover by the third day when a normal diure- 

sis is seen. 

In animals with portal obstruction therefore 

it is probable that at least two factors are concerned 

in causing the initial slow diuresis. Slow absorption 

from the alimentary canal is one factor. The second 

is the inhibitory effect of the abdominal operation 

which may play a part in the first day or two. At the 

end of a week after the operation,when the absorption 

rate from the alimentary canal is still considerably 

delayed, the curve of diuresis may be normal. 



SDIvL,'RY . 

1. Rats,ir which the portal vein has been obstructed, 

show, on the day after operation, a diminished 

rate of absorption of water from the alimentary 

tract and a delayed diuresis. 

2. The delayed absorption rate improves in the 

course of the week following operation, but does 

not return to normal. A normal diuresis curve 

has been shown to occur even in the presence of 

slow absorption of water from the gut. 

3. The delayed absorption rate is only one factor 

in bringing about the initial slow diuresis in 

portal congestion. A second factor is the severity 

of the operation, for a similar slow diuresis 

may be seen in 25 p.c. of rats with inferior vena 

cava obstruction, in which the water absorption 

rate is not interfered with. 



2. CLINICAL OBSERVATIONS. 

Diuresis tests were carried out on a series of 

hospital patients with various diseases. Cases were 

selected who were only moderately debilitated, and 

whose general condition was comparable with that 

found in an average case of hepatolienal fibrosis. 

The tests were carried out in three cases of the 

latter disease. In the cases which were used as 

controls there was no evidence of any gastroin- 

testinal disturbance such as might lead to delayed 

absorption of ,water, and the kidneys were apparent- 

ly functioning in a normal manner. 

Technique of the Diuresis Test. 

Patients were given breakfast at 7 -30 

the only fluid allowed being a cup of milk. The 

bladder was emptied immediately after breakfast and 

the time noted. About 9 -15 a.m., the bladder was 

again emptied and the urine measured. This quanti- 

ty of urine,formed in a known time, gave the basal 

output which was usually in the neighbourhood of 

45 - 50cc. per hour. Immediately the bladder was 

emptied, 1 litre of water was drunk. Thereafter 

the bladder was emptied at intervals of about 15 

minutes until the resulting diuresis had passed 

off. The time at which the water was drunk is the 

zero point in the chart. 
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The total output of urine is followed as a curve. 

Results of the Diuresis Test. 

A normal diuresis curve from a healthy subject 

is indicated in the chart by the interrupted line. 

Taking the three cases of hepatolienal fibrosis, we 

see that Ethel B. (case ILVI) gives a normal curve. 

The test was carried out two months after the spleen 

had been removed. Haematemesis had occurred before 

operation and the spleen showed the effects of peri- 

arterial haemorrhage. 

Edmund R., aet 22, had cirrhosis of the liver 

with splenomegaly. There was no history of haema- 

temesis or melaena, no ascites and no enlarged veins 

could be seen on the abdominal wall. The diuresis 

curve was well below the normal level. 

Edward B., aet 51, had cirrhosis of the liver, 

moderate splenomegaly and ascites. His daily out- 

put of urine was very low. In the hour and a half 

before the water was given he only formed 12 cc of 

urine. The administration of a litre of water made 

no perceptible difference to the urinary output, ana 

he only formed 104 cc urine in the next 5¡ hours. 

These variations are scarcely less striking 

however than the variations we found in the so- 

called controls. A patient convalescing after 



pleural effusion gave a very poor diuresis, while 

another subject who had had dry pleurisy gave a 

curve above the normal. Patients with sciatica and 

cystitis (renal function tests normal) gave a poor 

diuresis. 

It is obvious then that the curve of diuresis 

undergoes great variations in patients debilitated 

from any cause, and cannot be accepted as an index 

of portal hypertension. In the case of Ethel B., 

where we had good reason to suspect raised portal 

pressure, the curve of diuresis was normal. From 

our animal experiments it is certain that a normal 

diuresis may occur in the presence of slow absorp- 

tion, so that we have no means of deducing from 

this test whether the portal pressure was raised or 

not. 

In Edward B., on the other hand, ascites was 

present and the low urinary output was uninfluenced 

by such a large draught as a litre of water. The 

plasma proteins in this case were lowered to 5.5¡ 

and it is possible that lowered protein osmotic 

pressure of the plasma may play a part in the gross 

disturbance of water metabolism which occurs in 

these advanced cases of hepatic disease. 

The factors influencing water exchange in 

health and disease are as yet too little understood. 



to allow of any conclusions from diuresis tests as to the 

pressure conditions in the portal circulation. 

So far as out experimental and clinical investi- 

gations have taken us tt present, we cannot regard opsi -- 

uria as an index of portal congestion. It would be unwise 

to say that the diuresis test is of no value, as the fac- 

tors influencing water exchange offer a very fruitful 

field for further research. It is also possible that 

improvements in our methods may yield more accurate in- 

formation on the rate of water absorption which may yet 

give a clue to the problem of portal congestion. 

The other manifestations of portal congestion as 

enumerated by Gilbert are ascites, splenomegaly, 

haemorrhoids, gastrointestinal haemorrhages, and the 

development of a collateral venous circulation in the 

abdominal wall. 

Ascites is not determined by portal congestion 

alone. In a long series of experiments on portal 

congestion in animals, Talma was unable to produce 

ascites. In spite of the evidences of portal congestion 

in 39 of the present series of cases, ascites was only 

present in 6 (cases, X, XI II, XVI, XIX, XX, XXII.). 
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It appears that some factor other than mere 

mechanical congestion of the portal vein must be 

present to account for ascites. Provided some other 

cause of oedema is at work, portal congestion would 

play a part in localising the dropsical e ffusion to 

the peritoneal cavity. 

It is notable that the cases in our series 

which showed ascites all had gross and advanced dis- 

ease of the liver. Moreover, one of our patients, 

(Case XVII.), showed oedema of the feet, without 

any ascites. Similar cases of hepatic disease are 

mentioned by Hetenyi (1951) in which oedema of the 

legs may precede the appearance of ascites. 

Zhat the factor may be which determines drop- 

sy in hepatic disease is not yet known. Villaret and 

his colleagues (1925) showed the presence of hypo - 

albuminaemia in cases of hepatic ascites. Wallich 

(1950) has confirmed this and has shown that the re- 

duction of plasma protein exactly resembles that 

found in nephrosis. 

Lowered protein osmotic pressure of the plas- 

ma may thus play a part in the production of ascites 

in hepatic disease. 

Splenomegaly has already been fully discussed and it 

is recognised that portal congestion plays a part in 

the production of certain histological appearances, 



and to a less degree in producing the enlargement 

of the spleen. 

=Haemorrhoids are described as a manifestation of 

portal congestion. 4e have not paid particular at- 

tention to their occurrence in this study. They 

have never constituted one of the complaints in our 

series of patients,. Considering the frequency of 

haemorrhoids in patients in whom there is no reason 

to suspect portal congestion, we do not feel inclin- 

ed to stress them as an aid to the diagnosis of obs- 

truction to the portal blood flow. 

Gastrointestinal haemorrhages constitute a clinical 

manifestation of considerable frequency. Bleeding 

from the gastrointestinal tract occurred in 20 of 

our 41 cases, i.e. 48.8 per cent, and sometimes, 

as in case XXXVI and case II, it constituted the 

most prominent symptom of the disease. 

This symptom is undoubtedly precipitated by 

portal congestion and frequently the site of ori- 

gin may be seen in an oesophageal varix. A close 

relationship has been noted by the writer between 

the occurrence of gastrointestinal haemorrhage and 

fully developed siderotic nodules in the spleen. 

Of the 20 cases in which gastrointestinal 

haemorrhage occurred, siderotic nodules were pre- 



sent in the spleen in 15. Siderotic nodules were 

only present in 17 out of the 41 spleens under con- 

sideration. (see Table T ). 
It has already been shown (p. ) that the lo- 

cal deposits of iron in periarterial haemorrhages in 

the spleen only occur if these haemorrhages are re- 

latively large. It would thus appear that bleeding 

from the gastrointestinal tract in hepatolienal fi- 

brosis is related to the occurrence of large peri- 

arterial haemorrhages in the spleen. Both might be 

determined by a considerable rise in portal venous 

pressure. 

It should not be forgotten, however, that 

other causes of haemorrhage may be at work in asso- 

ciation with hepatic disease. Epistaxis is a com- 

mon symptom in cirrhosis, and all grades of sponta- 

neous bleeding may be found up to fully- developed 

purpuras. It is easily understood that in any gene- 

ral increase of the fragility of the capillaries, 

bleeding would tend to occur most easily in a zone 

of high capillary pressure. Portal venous conges- 

tion might thus localise purpuric bleeding to the 

gastrointestinal tract. Observations have been 

brought forward by Kiemperer, Leyden, and Mouisset 

and Beutter (quoted by Villaret and Besancon) that 

in hepatic disease the gastric or oesophageal mucous 



membrane may show a general oozing of blood from the 

surface. The bleeding in Case XXII may have been of 

this type. The general tendency to bleeding in he- 

patic disease will be discussed in the next chapter= 

The development of a collateral venous circu- 

lation in the anterior abdominal wall is unequivocal 

evidence of portal congestion and has already been 

discussed. (Chapter Z). 
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Chapter 12. 

CLINICAL FEATURES. 

The clinical manifestations of hepatolienal fi- 

brosis may be summarised as follows. 

The disease tends to occur most frequently in 

the first half of life and it may come on in child- 

hood. The symptoms are often insidious in their on- 

set, and the splenic enlargement may only be disco- 

vered accidentally. The patient may present himself 

on account of abdominal pain or discomfort, weakness 

and general lassitude, referable to the anaemia on 

account of haematemesis. The disease runs a very 

chronic course, and unless the patient is subject to 

repeated gastrointestinal haemorrhages, the anaemia 

is usually mild in degree and the disability is mo- 

derate. Most of the patients are able to work in 

spite of haemoglobin values as low as 50 -60 ¡0. 

When the disease leads to death, this may occur 

from liver insufficiency, haematemesis, or porto- 

mesenteric thrombosis. In many cases, however, the 

course of the disease appears to be arrested and the 

patients live for many years with very slight disabi- 

lity. Whether the course of the disease is influen- 

ced by splenectomy is as yet undecided, and we shall 

discuss this question in the final chapter. 
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Age and Sex Incidence. 

Of the 41 cases which constitute the present 

series, 20 were males and 21 females, giving an ap- 

proximately equal distribution between the sexes. 

The age at which the patients were first admit- 

ted to hospital does not give a true index of the 

age incidence in a chronic disease. The age of 

onset of symptoms, definitely referable to the dis- 

ease, was taken for the construction of chart 'I . 

It is notable that the disease begins most common- 

ly in the second decade, and in more than half the 

cases, (23 out of 41), the symptoms began before the 

age of 30. The disease definitely predominates in 

the first half of life. 

It is interesting to note that the age inci- 

dence corresponds to the period of life at which 

lymphoid tissue (Hellmann, 1926, Hellsten, 1928), 

has its maximum activity, and that the atrophic 

("alcoholic") cirrhoses of later life are less fre- 

quently associated with splenomegaly. 

Is it possible that there is a relationship 

between the reactive capabilities of lymphadenoid 

tissue and the occurrence of splenomegaly in hepa- 

titis? It is of interest to mention in this con- 

nection that Minot and Isaacs (1926) noted a some- 

what similar age distribution in Hodgkin's disease. 



Anaemia. 

Patients frequently present themselves with 

symptoms referable to anaemia - pallor, breathless- 

ness, weakness, lassitude and so forth. 

Red Cell Changes. The red cell count in 31 of the 

41 cases ranged from 3 to 5.3 millions per cubic 

millimetre. The actual distribution of the average 

red counts in individual cases is as follows: 

Red Corpuscle Count: Number of Cases: 

1 --2 millions 2 

2 --3 do 8 

5-4 do 17 

4--5 do 11 

Over 5 do 2 

The cases which showed red counts below 3 

millions were usually associated with a recent his- 

tory of gastrointestinal bleeding: (Cases VI, VIII, 

XIII, XX, XXXVI, XXXVII.). In four instances, how- 

ever, red counts below three millions were encoun- 

tered where a history of haematemesis or melaena 

could not be elicited. Case IV., with a count of 

2.1 millions, showed old portal throrabosis,and oc- 

cult bleeding may have passed unnoticed. 

Case XXXII. gave a history of "coughing" blood, 

while in case XXXIV repeated epistaxis had occurred. 

There was no blood loss in case XXXV., but here the 

count was 2.9 millions, very slightly under the 3 



2>-3 

million level. It is unusual, then, for the red 

cell count to fall below 3 millions unless g stróin- 

testinal haemorrhage is present. 

The examination of a stained film reveals no 

change in the appearance of the red cells. In un- 

complicated cases, nucleated red cells were not en- 

countered, and reticulocytes did not exceed 1 --2 per 

cent. 

If a severe haemorrhage had occurred, however, 

signs of bone marrow activity were seen in a rise in 

the percentage of reticulocytes (case II). Polychro- 

masia, anisocytosis and even nucleated red cells 

might be seen (cases VI., XIII.). 

Fragility of the red corpuscles was examined 

in 15 cases. In six instances the fragility was nor- 

mal, haemolysis beginning at .45 per cent saline, 

(cases TV., XI., XX., XXXI., XXXIV., and XLI.). 

In seven cases the fragility of the red cells was 

diminished as compared with a normal control, the 

corpuscles being completely resistant to haemolysis 

at .45 per cent saline, and only beginning to break 

down in .5 to .4 per cent. (Cases I., X., XV., .VII., 

XVIII., XXV., XXVI.). 

In the remaining two cases fragility was in- 

creased, haemolysis beginning at .55 per cent,(Case 

VII.) and .6 per cent saline (Case XXXV.) 
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It is noteworthy that in the latter two cases 

there were no evidences of excessive breakdown of red 

blood corpuscles, and the histological findings de- 

finitely excluded any possibility of haemolytic 

jaundice. 

Haemoglobin and Colour Index. 

In our series, the average haemoglobin values 

in individual cases ranged from 25 to 85 per cent. 

Two groups of cases are separated in chart ' , those 

with recent gastrointestinal haemorrhage and those 

without. It is seen that, while a haemoglobin value 

under 40per_ cent is often found as a result of severe 

bleeding, there is also a small group of cases in this 

disease with similar low haemoglobin values, in which 

the cause cannot be ascribed to haemorrhage. 

The colour index shows similar variations: 

Colour Index Range: Number of Cases: 

.4 to .5 5. 

.5 to .6 6. 

.6 to .7 6. 

.7 to .8 7. 

.8 to .9 8. 

.9 to 1.0 5. 

1.0 to 1.1 2. 

Low colour indices below .6 are found with or 

without a history of recent haemorrhage. 
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Before we discuss the changes in the leucocytes, 

it would be well at this stage to consider the possi- 

ble causation of the deficiency of red blood cells and 

haemoglobin. 

Several points stand out from the above account. 

Some patients, with over 4 million red cells and more 

than 80 per cent haemoglobin cannot be considered to 

be severely anaemic. Those who are definitely anaemic 

present an enormous variation, and may have either a 

high colour index anaemia or an anaemia associated 

with a low colour index. 

There is no evidence to suggest that increased 

blood destruction by the large spleen is responsible 

for the anaemia, as the blood picture and pathologi- 

cal picture differ fundamentally from that found in 

haemolytic jaundice. There are neither signs of in- 

creased blood destruction (hyperbilirubinaemia, sider- 

osis, etc.) nor evidences of compensatory hyperacti- 

vity of the bone marrow (reticulocytosis, circulating 

erythroblasts, etc.). 

Further, splenectomy does not cure the anae- 

mia (chapter 13.). 

The defect would therefore appear to lie in 

blood formation. The bone marrow itself seems to be 

perfectly capable Qf responding. In 5 autopsies, 
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(Cases XV., XVI., XXI., XXII., XXV.) in which the bone 

marrow was examined, red marrow was found extending 

into the shaft of the femur in 4: in the remaining 

exception, the haemoglobin before death was 70 per 

cent. Further, in individual cases which had suffer - 

ed from severe haematemesis, the anaemia was moderate- 

ly well repaired (cases II., VIII., XIII.), the bone 

marrow being quite capable of manufacturing red cells 

up to a certain point. 

The occurrence of so many high colour index 

anaemias in hepatolienal fibrosis recalls the recent 

observations of Gamna (1926, 1933) and Schulten and 

ivialamos (1932) that a macrocytosis often occurs in 

cases of hepatic disease. 

ith regard to the low colour index anaemias, 

we may call attention to case VII, where a definite 

microcytosis was found by Dr. Price Jones. In this 

patient also an excessive fragility of red cells was 

present, a condition which has been noted in associa- 

tion with microcytic anaemias by Graham and Johnson 

(1932) .Case XXXV also showed an extremely low colour 

index associated with increased fragility, but in 

this case the red cells were not measured. Case 

XXVII showed the association of a low colour index 

anaemia with achlorhydria. 

It appears then that some of the anaemias 
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occurring in association with hepatolienal fibrosis 

may resemble closely the microcytic anaemias of 

Witts (1930). Others, however, may possibly be macro - 

cytic in type. What the relationship of these anae- 

mias may be to the hepatic disease is as yet an un- 

solved problem, but the relationship is certainly 

complex and probably varies in individual patients. 

Leucopenia. 

Leucopenia is the most constant feature of 

the blood picture in hepatolienal fibrosis. The 

lowest count we have encountered is 320 white cells 

per cubic millimetre (Case II). The average white 

count in this case, however, was 1,300. 

Average Leucocyte Count: Number of Cases: 

1-- 2,900. 6 

2-- 3,000. 4 

3-- 4,000. 10 

4-- 5,000. 5 

5-- 6,000. 4 

6-7,000. 6 

7-- 8,000. 1 

8 -- 9,000. 3 

9- 10.000. 0 

10- 11,000. 0 

11- 12,000. 0 

12-13,000. 1 

Leucocytesis is therefore very exceptional 

and the patient mentioned in the above list who had a 

white count of 12,600 (case XXII.) was dying of 



hepatic insufficiency. It is possible that superadded 

acute hepatitis may have been responsible for this 

leucocytosis. In case XXIII. a leucocytosis developed 

in association with superadded acute cholecystitis and 

hepatitis, although in the preceding quiescent stage 

there had been a leucopenia. 

In dealing with the exceptions to the usual 

leucopenia, case III may be discussed, in which throm- 

bosis of the splenic and portal veins had occurred, 

and in which a leucocytosis of 42,000 was found on 

one occasion. It appears that leucocytosis may occur 

in association with the onset of porto- splenic throm- 

bosis, although it may not persist when the thrombosis 

has become chronic (as in cases I to VI.). 

In Case XXXVII, leucocytosis was repeatedly 

observed, but portal thrombosis was not proven. We 

have no further observations on this possible cause 

of leucocytosis in hepatolienal fibrosis. A similar 

association of leucocytosis with portal thrombosis 

has, however, been noted in literature. Wilson and 

Lederer (1929) found leucocytosis up to 31,000 in a 

case of portal thrombosis. Opitz (1925) records one 

case with a leucocytosis of 11,500 at the acute stage. 

Ewald (1913) reported a case of porto- splenic throm- 

bosis with a leucocytosis of 20,000. When observed 

at the chronic stage, however, the usual finding is 



leucopenia, as in our six cases. 

The leucopenia is practically always an evenly 

distributed diminution of all types of white cells, 

the proportions of polymorphs and non -granular cells 

being very slightly disturbed. 

Polymorph percentage: Number of Cases. 

30 - --40. 1. 
40 - --50. 1. 

50 - --60. 7. 
60 - --70. 16. 
70 - --80. 9. 

With regard to the causation of the leucopenia, 

it may be noted that the bone marrow is perfectly ca- 

pable of responding to infection with a leucocytosis 

(case XXXIII.).- There is no evidence of any specific 

depression of granulo- poietic function. 

On the other hand there is usually a sharp in- 

crease in leucocytes after splenectomy in hepatolie- 

nal fibrosis. This in itself cannot be stressed as a 

point of evidence, for temporary leucocytosis occurs 

after splenectomy in normal animals (Pearce, Krumb- 

haar and ,Frazier, 1918). Nevertheless, in the disease 

with which we are dealing, the increase in the leuco- 

cyte count after splenectomy is usually permanent. 

In ten cases, (VII., IX., XII., XVIII., XX., XXIV., 

XXVIII., XXXII., XXXIV., and XL.) the leucocyte count 



had remained normal or high (case VII.) at intervals 

of 2 months to several years after splenectomy. It 

appears to be quite possible that the enlarged spleen 

may be responsible for the diminution of the circula- 

ting leucocytes. 

Changes in the blood platelets will be discus- 

sed under the heading of epistaxis. 

Abdominal Symptoms. 

The frequuncy with which patients complain of 

abdominal pain and discomfort is very striking. Of 

our 41 cases, 21 complained of considerable pain in 

the abdomen, and it was pain which drove patient XVI 

to suicide. Two patients (XV. and XX.) complained of 

abdominal discomfort short of actual pain, while in 

the remaining 18 patients, pain was not a symptom. 

With the exception of case XXIX, where there is a 

history of injury over the spleen, it is unlikely 

that pain is due to perisplenitis as this is a very 

infrequent pathological finding. hepatitis is a 

much more probable cause of the abdominal pain. The 

relationship of pain to hepatitis seems firly clear 

in case IX when the attacks of pain were associated 

with fever and jaundice. 

Digestive symptoms commonly complained of are 

flatulence and diarrhoea, while vague indigestion and 

sickness are also mentioned occasionally. 



In the case notes at our disposal it may be 

seen that flatulence was a complaint in six patients 

(cases III., XI II . , XIX., X III . , .XXX. , XiXXIX.) In 

one of these patients (XX.) the symptoms closely re- 

sembled those found in association with cholecystitis: 

flatulence, hyperaesthesia of the skin of the upper 

abdomen, pain passing round to the back and to the 

shoulder. It is possible that the feeling of disten- 

sion which is so commonly complained of in gall blad- 

der disease may be due to associated hepatitis. 

Diarrhoea was a prominent symptom in cases 

XII., XVIII., and XXXVIII. Portal congestion and 

defective water absorp4ion from the gut may account 

for this symptom. 

Vague indigestion and sickness were complained 

of in cases XI., XVIII., XXVI., and X VIII. In this 

connection it may be noted that in six cases in which 

test meals were investigated, two showed no free HCl 

( XVIII and XXIII.) while the others (II., VI., XIX., 

and XXXVI .) showed normal acid curbes - 

Symptoms referable to he atic insufficienc . 

Jaundice, when it occurs in association with 

hepatitis, is nearly always mild, and is frequently 

absent. Only very rarely is it severe. Apart from 

jaundice, a curious non -icteric type of sallow brown- 

ish pigmentation is sometimes seen, which was present 



particularly in Case XXII. It is to be noted that 

pigmentation of this type in hepatic disease does not 

necessarily mean haemochromatosis, which was definite- 

ly excluded in this case. 

Ascites and hepatic oedema have already been 

discussed (p.2112). 

Epistaxis. 

Epistaxis is a frequently recurring and impor- 

tant symptom. In the present group of cases it occur- 

red 14 times, and twelve of these patients lay in the 

groups from cases VII. to XXXIV. where hepatic disease 

was readily recognised either at an early or advanced 

stage. Two cases (II. and XLI.) were outside this 

group. In cases II., XI., XV., XXII., and XX-X.IV., in 

which nose -bleeding occurred, the platelet counts 

were 33,000, 37,000, 74,000, 60,000 and 97,000 res- 

pectively. In cases II., XI., and XXII., there were 

other manifestations of tbrombocytopenic purpura - pur- 

puric spots in the skin, ecchymoses and prolonged 

bleeding time. 

While the occurrence of spontaneous capillary 

bleeding is recognised in acute hepatic insufficien- 

cy (cholaemia), less attention has been paid to it 

as a manifestation of milder hepatic disease. A case 

has been recorded by East (l93 .)in which the pur- 

puric manifestations constituted the "presenting 

symptom" of hepatic cirrhosis with splenomegaly. 



The capillary resistance test was positive, and the 

changes in coagulation, bleeding time and platelet- 

count were in accordance with the diagnosis of 

"thrombocytopenic purpura". 

Weil and his colleagues (1922) and Piessin- 

ger and Diaconesco (1925) have shown that the tenden- 

cy to bleeding in hepatic disease is of two types - 

purpuric and haemophilic. The latter, characterised 

by prolonged coagulation time used to be ascribed to 

the presence of bile salts in the plasma. While 

bile salts prolong the coagulation time in vitro, it 

has been shown that in hepatic disease there is not 

a sufficient amount of bile acids in the plasma to 

account for the delayed coagulation in this manner 

( . Petrèn, :1920. j:-. 1.7_ The latter writer 

found that, in the haemophilic type of case, coagu- 

lation time could be brought to normal values by 

the addition of a watery extract of tissue juices 

in the same way as in haemophilia. These resem- 

blances to haemophilia have been further amplified 

by the work of Hartmann (1927 ). 

In the purpuric type of case, the bleeding is 

spontaneous, and probably dependent upon some pri- 

mary capillary damage. In hepatic cases the capil- 

lary resistance test is frequently positive as has 

been shown by Piessinger and Diaconesco. Emile 



Weil and his co- workers have described failure of re- 

traction of the clot associated with a low platelet 

count in hepatic disease. 

In our cases we have not encountered the haemophi- 

lic type of bleeding. Purpuric manifestations, which 

were often seen, seem to be definitely associated 

with hepatic disease. The defect which leads to pur- 

pura probably lies in increased'petmeability of the 

capillaries, the deficiency in the circulating platelets 

being secondary (Tidy, 1928). The relationship of 

hepatic disease to capillary damage and capillary bleed- 

ing still remains to be elucidated. 

Clubbing of the fingers was present in two cases 

(XVII, and XXII.) in association with hepatic cirrhosis. 

A mild temperature is occasionally encountered, 

which may be due to hepatitis. 
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TABLE OF CASES IN WHICH TEE DILATION 

OF HEPATITIS COULD BE ESTIMATED. 

Case No. Total Duration 

of Hepatitis. 

VII 28 years Death from cancer of tongue 

4 years after splenectomy. 

IX 11 years Alive 6 years after splen- 

ectomy. Had. epistaxis and 

flatulence for some years 

after operation. 

XIII 5 years -i- Death from paratyphoid short- 

ly after operation. 

IV 12 years Death from haematemesis a 

few days after splenectomy. 

XVI 20 years Suicide (no operation). 

XVII 19 years Death after splenectomy 

( ?Haemorrhage). 

XVIII 11 years Well a year after splenec- 

tomy 

7 years Well 2 years after splen- 

ectomy, 

XXI 6 years Death from haemorrhage the 

day after splenectomy. 

XXII 12 years Death from hepatic insuffi- 

ciency (No operation). 

Result. 



Chapter 13. 

TREATMENT AND RESULTS. 

Since Banti first claimed that the cirrhosis 

and anaemia were splenogenic in origin, splenectomy 

has held the field as the means of treatment. 

The objects of treatment in this disease must 

be 

1. The arrest of hepatitis. 

2. The cure or improvement of anaemia. 

3. Relief of special symptoms such as hae- 

matemesis, and digestive disturbances. 

The results of treatment may only be assessed 

by comparison with the normal course of the disease. 

1. Hepatitis associated with Oplenomegaly seems to 

run an extraordinarily long and often benign course 

in the young subjects in whom this disease predomi- 

nates. As we have already emphasised, hepatitis may 

remain latent for years. In only a few cases have 

we been able to date the hepatitis from some early 

symptoms, When it is seen from the adjacent table 

that the subjects of hepatitis may survive up to 24 

years with their spleens, it is difficult to claim 

that splenectomy prolongs life by preventing further 

progress of hepatitis. Even gross cirrhosis may one 
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TABLE OF CASES IN WHICH HAEMOGLOBIN VALUES ABE 

AVAILABLE BEFORE AND AFTER OPERATION. 

Case No. Hb range Time after operation Hb after 

before op- operation. 
eration. 

vL 50 3 years 54-62 

VII 30 -46 4 years 33 -54 

IX 70 2 months 80 

XII 80 3 years 50 

XVIII 80 -90 12 years 104 

XX 28 -32 2 years 50 

XXIV 50 5 years 60 -70 

XXVII 30 1 month 60 

XXXVII 21 -30 
(ITaematemes is) 

2 years 4 5 -64 

XL 60 4 years 70 

XLI 42 -45 2 years 72 



ly be the residual scarring of a process long past 

its active acute stage. 

Izarm-ahan's series of cases, with and without 

splenectomy, has already been quoted (p.26R). There 

was no essential difference in the expectation of 

life in the operated and unoperated cases. 

2. Anaemia: 

In evaluating the results of splenectomy on 

the anaemia, spontaneous fluctuations of the hae- 

moglobin values must be kept in mind for comparison. 

Table gives the haemoglobin values where these are 

available in the "follow -up" notes. Cases IX. and 

XXVII. are included, as they reported "well" and 

"much improved", 6 and 7 years after operation res- 

pectively. It should be noted, however, that cases 

XX. and XII. reported that they were "well" in spite 

of haemoglobin values of 50;A This fact demonstra- 

tes the extraordinary capacity of adjustment of the 

human subject to chronic moderately severe anaemia. 

It is seen from the table that every case ex- 

cept one is still anaemic, and while some have im- 

proved, others have remained stationary, and one 

(Case XII.) was definitely worse. The single case 

with a haemoglobin of 104 ¡; had a haemoglobin value 



as high as 90 per cent before operation. Such a 

change might have resmlted.from the spontaneous 

fluctuations which occur in the disease. 

Table shows the changes in the red counts 

of 8 cases after splenëctomy. With the exception 

of cases XX. and XXXIV., there was little signifi- 

cant change. In spite of the improvement in the 

red cell counts, Case XX. was still markedly anae- 

mic, as can be seen from the haemoglobin value. 

Case. R.B.C. before 

splenectomy. 

Interval E. B. C. 
after 
Spleneotomy 

VII 3.4 --4.8 4 years 4.1 --5.2 

IX 3.7 2 months 4.4 

XII 4.7 3 years 4.3 

XVIII 4.0 --4.2 11 " 5.0 

XX 2.1 --2.6 2 " 4.5 

XXIV 5.5 it 5.1 

XXXIV 2.4 --3.1 2 u 5.2 

XL 4.6 4 U 4.3 --5.0 

As mentioned on p.257the leucocyte counts ap- 

pear to rise and to remain at a higher level after 

splenectomy. 

3. Special Symptoms. 

Nose -bleeding, breathlessness, flatulence or 

recurrent jaundice were complained of in cases IX., 

X., XXXV., and XXXIX after splenectomy. 

Haematemesis recurred after splenectomy,re- 

peatedly, in Case XXX.VII, and occurred for the first 



time after removal of the spleen in Case XXVI. It 

should be noted in the histories of our series that 

gastrointestinal haemorrhage usually occurs only once 

or twice at intervals of years. In Case XX., haema- 

temesis was definitely and frequently recurrent. So 

far as can be seen, haematemesis is not relieved by 

splenectomy. Portal congestion may still remain to 

precipitate haemorrhage from any part of the gastric 

mucosa. 

One fact, however, remains: the subjective im- 

provement frequently asserted by these patients after 

splenectomy. This may be to some extent psychological, 

but where the patients have had severe dragging pain 

due to the enlarged spleen, definite improvement in 

this symptom may result from removal of the spleen. 

Operative Risks. 

Of our 41 cases, 4 died without operation, 

from haematemesis,(VIII.), suicide,(XVI.), liver in-- 

sufficiency,(XXII.), and acute cholecystitis and hepa- 

titis,(XXIII.). 37 cases were operated upon: 

Causes of post -operative deaths: 

Peritonitis: . 

Liver insufficiency: 1. 

Intraperitoneal Hae- 
morrhage: 2. 

Mesenteric Thrombosis:3. 

(VI., XIV., XV., XIX., 
XXV.) 

(XVII.) 

(XXI., XXX.) 

(I., III., IV.) 
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Unrelated to operation: 

Paratyphoid: 1. 

Excluding the last mentioned case, this gives an 

immediate post -operative mortality of 30 per cent. 

These patients are bad subjects for operation, not 

so much on account of anaemia, as on account of the 

liability to infection, and the tendency to mesen- 

teric thrombosis. 

Mesenteric Thrombosis: 

In each instance in which this complication 

occurred, it was associated with old standing dis- 

ease of the portal and splenic veins, which may lead 

to thrombosis quite apart from operation. :lad- 

brook (1931) records two cases which died of mesen- 

teric thrombosis 13 months and two years after sple- 

nectomy. The operation of splenectomy is always fol- 

lowed by a rise in the platelet count, and this may 

further predispose to thrombosis. The most impor- 

tant factor, however, is probably local disease of 

the portal venous tree. In Case XI., platelets 

reached 790,000 without thrombosis. A case will be 

recorded later of reticulosis of the spleen in which 

the platelets rose to. 800,000 after splenectomy with, 

out leading to thrombosis. 

To sum up the results of splenectomy, we may 



state that there is no proof that removal of the spleen 

either cures the anaemia or arrests the hepatitis. 

The benefits which may ensue are: 

1. Slight relief of portal congestion by cutting 

down a certain amount of blood -flow through the 

portal vein, and favouring the development of 

a collateral circulation at the raw area left 

after removal of the spleen. 

2. Relief of discomfort due to dragging of the en- 

larged spleen. 

To be weighed against this are the grave risks 

of the operation and the liability to infection, 

hepatic insufficiency, haemorrhage, and mesenteric 

thrombosis. 

Medical Treatment: 

Up to the present, the modern vigorous treat- 

ment of anaemia does not seem to have been applied 

to these cases. In the macrocytic anaemias, liver 

and vitamin B therapy should be actively carried 

out, while massive iron dosage might reasonably 

be expected to yield improvement in those cases with 

a low colour index. 

The writer wishes to make a special plea for 

a more thorough investigation of the forms of anaemia 

occurring in hepatic disease, their spontaneous 



fluctuations and their treatment by various methods. 

Substances likely to damage the liver must be 

forbidden, e.g. alcohols and in the case of operation 

there is a theoretical objection to chloroform. 

Treatment should also be directed against any bili -- 

infections, on account of the associated hepatitis. 

In prognosis, it should be remembered 

that the course of the disease is exceedingly chronic 

and in a number of instances the liver disease may 

be spontaneously arrested. 
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CASE I. 

Rebecca M. aet 42: Occupation: Nil. 

Admitted to hospital: 3.11.23. 

History: The patient gives a vague history of pain 

in the abdomen for three years. Her appetite has 

been good. No further details as to the history 

could be obtained as the patient's mental condi- 

tion was very poor and she did not seem to under- 

stand questions. 

Previous Health and Family History: Nothing of 

note revealed. 

On Examination: The patient is thin, but there is 

no obvious pallor. 

Abdomen: Appears to bulge especially in the upper 

part. The spleen is enlarged to within three in- 

ches of the umbilicus. A definite notch can be 

felt on the anterior edge of the spleen just below 

the costal margin. The liver is not felt and the 

liver dullness is apparently normal. 

Other Systems: Nothing found. 

Differential Count. Blood. 

R.B.C. 5,300,000. Neutrophile 73. 

;B.C. 6,000. Lymphocytes 17. 

Hb. 84y; Monocytes 8. 

C.I. .79. Eosinophils 2. 

Wassermann Reaction: Negative. 

Fragility Test: Haemolysis begins at .35o. There 

is no haemolysis at .4 °. There is therefore an 

increased resistance of the red cells to haemoly- 

sis. 

15.11.23. Splenectomy: The spleen was greatly en- 

larged, (weight 42 ounces); there were very few ad- 

hesions at the lower pole of the spleen. The veins 



of the mesentery were very varicose so that it was 

difficult to find the splenic artery. The liver ap- 

peared to be normal. 

18.11.23. Patient died with symptoms suggestive of 

haemorrhage into the peritoneal cavity. 

Abstract of post -mortem notes: Old thrombosis was 

present in the splenic vein and the inferior mesen- 

teric vein causing almost complete occlusion of the 

latter. Recent thrombosis of the splenic vein and 

of part of the superior mesenteric and portal veins 

was also present. Infarction of about three feet of 

jejunum had taken place commencing at a point two 

feet from the duodeno- jejirnal flexure. The liver 

showed no naked eye fibrosis. 

The Spleen: 

Microscopic Examina- 
tion. 

Vascular lesions: 

Venous Sinuses: 

iVia 1pighian bodies: 

The Pulp Cells: 

Liver: 

Splenic Vein: 

Weight 1300 grammes. 

Periarterial haemorrhages: 

periarterial fibrosis: peri- 

malpighian haemorrhages and 

fibrosis : - siderotic nodules 

all present. 

Dilated, with definite in- 

crease of collagen in their 

walls. 

Occasional germ centre seen. 

An occasional giant cell 

seen. Apart from that, lit- 

tle abnormality in the type 

of cell present. 

Disintegration of liver cell 

columns with leucocyte and 

round celled infiltration. 

Marked intimai thickening and 
superadded thrombosis. 



Miss C. Case II 

Blood. 

Date R.B.C. W.B.C. Rb C.I. N. Lym. M E B. 

20.6.29 2,344,000 320 41 .9 No nucleated reds. 

In the interval, 6 blood transfusions, X'ray treatment 

to the spleen, Liver diet, and arsenic internally. 

Recurrence of haematemesis in December. 

-. 12.29. 3,480,000 2,400 54 .84 Reticulocytes 3(0 

Liver and iron produced improvement. In January ecchymoses 

appeared over the thi h. 

11.2.30 4,200,000 1,400 65 .8 Reticulocytes .5 

Platelets: None seen in films: Bleeding time 
prolonged. 

1.3.30 4,200,000 1,000 70 .8 63 31 6 

Platelets: 33,000. Reticulocytes: .5cA 

5.3.30 Splenectomy: Spleen 920 grammes. 

8.3.30 

Reticulocytes: tja Platelets: 220,000. 

14.3.30 4,300,000 11,400 

Reticulocytes: 27 Platelets:380,000 

3,970,000 16,200 85 13 3 0 0 
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CASEII. 

Miss C. aet 27: Occupation: Nurse. 

Admitted to hospital: 29.2.30. 

History: In childhood the patient suffered from at- 
tacks of nose bleeding and purpuric spots. Epistaxis 
still recurs at intervals. She has always bruised 

easily. In the summer of 1929, she had a severe 
haematemesis when the spleen was found to be enor- 

mously enlarged. On gastric analysis no free H01 

was found in the fasting juice but the acid curve 

was normal in later fractions. Only a trace of 

blood was found, and that at the end of the analy- 

sis. haematemesis was repeated in December 1929. 

The spleen was enlarged to the umbilicus. 

Blood Findings and the treatment are given in the 

appended table. 

Operation: 5.3.30. Splenectomy was carried out. 

Some enlarged adventitious veins were seen passing 

from the spleen to the diaphragm. The liver ap- 

peared normal and there was no obvious disease 

of the splenic or portal veins. 

Progress: 1933: Patient written to from time to 

time and says she is "very fit indeed". 

Spleen: Weight 920 grammes. 

Vascular lesions: Periarterial haemorrhages: peri- 

arterial fibrosis: perimalpighian haemorrhage and 

fibrosis: siderotic nodules all present. 

Venous Sinuses: Moderate dilatation and slight in- 

crease of collagen in their walls. 

Malpighian Bodies: Occasional germ centre seen. 

Pulp Cells: No abnormality in the appearance of 

the individual cells. 

Small Branch of Splenie Vein: Shows a plaque of in- 

timal thickening, with splitting up of the internal 

elastic lamina. 



Amy P. 

Blood. 

Date 

Case III 

W.B.C. Hb C.I. 3á. Lym. M. E. B. 
R.B.C. 

25.4.22 5,100,000 42,000 64 .65 79 20 1 0 0 

8.5.22 3,020,000 8,200 40 .66 79 16 3 2 0 

16.5.22 3,540,000 8,000 45 .6 78 16 3 2 1 

31.5.22 3,890,000 8,500 60 .77 76 16 4 3 1 

2.6.22 Splenectomy. 



C A S E III. 

Amy P. aet 35: Occupation: Housewife. 

Admitted to hospital: 1.5.22. 

History: The patient complained of intermittent pain 

in the abdomen for eight months. Fourteen months ago 

her last child was born and since then she has had a 

feeling of lassitude. She is easily tired on the 

slightest exertion. Two weeks before admission she 

vomited a pint of blood and subsequently her motions 

were black for a day or two. Her appetite is poor 

and she is tr)ubled with flatulence and acidity. 

Her doctor said that the splenic enlargement disap- 

peared for three days after the haematemesis and then 

appeared again. 

Family History: Two children were still -born. 

On Examination: The patient is pale and anaemic. 

Abdomen: The spleen is palpable and firm. It 

is enlarged almost to the umbilicus. The liver cannot 

be felt. There is no enlargement of the other organs 

and no tenderness elsewhere. 

Cardiovascular System: Nothing abnormal found. 

Other Systems: No abnormal physical signs. 

Examination of Stool: Occult blood negative. 

'Wassermann Reaction: Negative. 

Blood: counts are indicated in the appended table. 

2.6.22. Splenectomy: The spleen was very vascular and 

decreased greatly in size at operation. (weight 7)0 

grammes). Patient was apparently making good progress 

but eight days after the operation suddenly collapsed 

and died. 

Abstract of post -mortem notes: Death was due to pul- 

monary embolism associated with ante -mortem thrombosis 

in the right auricle. Recent thrombosis had also ta- 

ken place in the left internal iliac vein. There was 
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an old organized thrombosis of the splenic and portal 

veins. The veins of the stomach wall were varicose. 

The liver was pale (no sections were taken). 

Microscopic Examination: There was advanced organi- 

sation of the thrombus in the splenic and portal 

veins. From the appearances, it was suggested that 

this thrombosis must be at least six weeks old if not 

more. 

The Spleen: Weight 750 grammes. 

Vascular lesions: Periarterial haemorrhage and peri- 

arterial fibrosis both present. No change in the peri- 

malpighian zoy_e and no siderotic nodules. 

Venous Sinuses: Dilated with slight increase of 

collagen in their walls. 

Ivlalpiian bodies: No change in the individual 

cells beyond the flattened appearance of some of 

the pulp cells between the dilated sinuses. 



Margaret M. Case IV 

Blood findings. 

Fragility test: 10 increase of fragility as compared with the 

Date 

normal. 

R.B.C. B.C. Rb C.I. Y. Lym. M. E. B. 

15.8.31 2,140,000 6,600 25 .6 49 42 7 2 0 

Reticulocytes: .5 Platelets: 240,000 

21.8.31 Splenectomy. 

25.8.31 4,100 -;000 14,600 40 .48 74 26 8 0 0 



CASE IV. 

Margaret M. aet 15. 

Admitted to hospital: 15.7.31. 

Histor: Parents have noticed for some time that 

she has been rather listless and _p_a1e. She has ne- 

ver complained of any pain beyond occasional head- 

aches. Her appetite has been fairly good. She de- 

veloped a slight yellow tinge every now and then, 

but her urine was never dark in colour. No history 

of epistaxis or melaena. Patient does not bruise 

easily. 

Previous History: Always a fairly healthy child. 

She has never menstruated. 

Family History: Nil to note. All the other mem- 

bers are healthy. 

On Examination: Patient is small for her age. 

Weight 5 st. 10 lbs. Rather pale with a faint 

yellowish tinge in the skin. Mentally below aver- 

age. Well nourished. Temperature normal. 

Abdomen: Slightly protuberant. No hyperaesthesia. 

No rigidity or tenderness. Spleen projects down- 

wards and forwards for about three inches below the 

costal margin. Liver is just palpable on taking a 

deep breath. No apparent free 

Other Systems_: Nil to note. 

Wassermann: Negative. 

Stool: Total fat 18.20 

Split fat 4410 

Neutral fat 56 

There was no excess of bile pigment in stool. Ben- 

zidine negative. 

Blood Findings: see annexed table. 

Operation: 21.8.31. Splenectomy: Liver appeared 

normal, gall- bladder not diseased. Spleen was 

fluid. 



considerably enlarged - no adhesions. 

23.8.31. Complaining of pain in the region of the 

wound. Some vomiting. 

27.8.31. Rise of temperature. Pain in wound. Not 

looking well. No dullness at bases. Patient re- 

mained listless and failed to respond to treatment, 

and on 4.9.31. it was decided to reopen the abdomen. 

Operation: 4.9.31. Abdomen reopened. No abnorma- 

lity detected in veins or intestine. 

15.9.31. Patient looks pale and dyhydrated. Breath- 

ing rapid and shallow. Pulse 1b0, very feeble. 

Blood transfu> ion given. One pint of citrated blood 

from a compatible donor with 1 c.c. of coramine added. 

Responded temporarily but died at 7 -30 p.m. 

Post -mortem Examination revealed that death was due 

to mesenteric thrombosis. There was also an old 

thrombus'in the portal vein. 

Spleen: 

Vascular lesions: Periarterial haemorrhage and peri- 

arterial fibrosis, both present. No perimàlpighian 

change and no siderotic nodules. 

Venous Sinuses: Dilated with a moderate increase of 

fibrous tissue in their walls. 

Malpighian bodies: Germ centres predominant. 

Pulp Cells: No special change in appearance,. except 

for the presence of an occasional giant -cell. 



Helen P. 

Blood 

Date 

Case V 

W.B.C. Hb C.I. N Lym M E B R.B.C. 

1.4.27 4,010,000 5,330 50 .6 69 22 7 1 1 

7.4.27 Splenectomy. Transfusion 600ccs blood. 

19.4.27 2,870,000 5,500 54 .9 76 20 1 3 0 

22.4.27 3,520,000 8,500 60 .85 78 17 3 2 0 

29.4.27 4,560,000 7,000 56 .62 72 22 3 3 0 

-.10.27 55 

-. 8.29 62 

-.7.30 64 



CASE V. 

Helen P. aet 37. Occupation: Manageress. 

Admitted to hospital: 1.4.27. 

History: Patient complains of being devoid of energy 

during the past three years. During the last year she 

has got much worse and has had pain in the left side 

of the abdomen. 

Family Histor;L: Mother and sister said to be anaemic. 

On Examination: Patient is pale and sallow. Tem- 

perature rose to about 100 degrees at night before 

and after the operation. There is no actual jaundice. 

Abdomen: The liver is palpable below the costal mar- 

gin and feels slightly harder than normal. There is 

no free fluid. The spleen is enlarged to within one 

inch of the umbilicus. 

Cardiovascular System: Haemic systolic murmur at the 

base. 

Other Systems: Nil found. 

7.4.27. Sp lenectomy: A little free fluid was found 

in the peritoneal cavity. The liver is not enlarged 

but is slightly pale and feels somewhat granular to 

the touch. Weight of spleen 17 ounces. Blood trans- 

fusion 600 c.c. Section of a vein at the hilum of 

the spleen showed endophleb itis with old standing 

thrombosis and recanalisation. 

Progress: Patient made a good recovery. As can be 

seen from the table of blood findings the haemoglobin 

value did not improve appreciably. But: nevertheless, 

she was able to continue her duties which were some - 

what strenuous. 

July 1930; She reported and mentioned that she had 

had an "acute septic sore throat ". 

October 1930; Patient reported again on account of 



the throat condition which was found to be cancer of 

the pharynx from which she died. There was no post- 

mortem examination. 

Spleen: Weight 530 grammes. 

Vascular lesions: Perimalpighian haemorrhages and-fi- 

brosis: periarterial haemorrhage and fibrosis: no si- 

derotic nodules. 

Venous Sinuses: Dilated with cellular walls; moderate 

increase of collagen fibres. 

Mallighian bodies: No germ centres seen. 

Pulp Cells: No abnormality in appearance. 



Robert C. Case VI 

Blood: 

Date R.B.C. W.B.C. lib C.I. N. Lym. Iv% E. B. 

15.1.27 2,070,000 3,000 36 .9 56 31 12 0 0 

Anisocytosis, Normoblasts and Polychromasia. 

28.1 - 31.1.27 Haematemesis and melaena. 

28.1.27 1,510,000 2,000 30 .8 70 22 7 0 0 

No malaria parasites. 

4.2.27 150 ccs blood transfused. 

8.2.27 1,730,000 2,500 26 .78 71 15 13 0 0 

9.2.27 

Anisocytosis, Normoblasts, and polychromasia. 

Talma Morison operation: 

Ascites and oedema of the legs persisted. 

23.2.27 2,253,000 3,100 30 .7 73 20 6 0 0 

17.3.27 ,010,000 3,000 30 .75 57 35 5 0 0 

24.3.27 Haematemesis . 

28.3.27 1,600,000 3,000 28 .88 78 14 6 0 0 

31.3.27 Splenectomy. Spleen weighed 14 ounces. 

Some adhesions. Larked hob- nailed cirrhosis. 

Patient developed subphrenic abscess and died.. 



CASE VI. 

Robert C. aet 42: Occupation: Carpenter. 

Admitted to hospital: 11.1.27. 

History: Until two days before admission the patient 

felt quite well and his appetite was good. he then 

had a sudden sharp pain in the abdomen which passed 

off after a few minutes. He felt giddy and an hour 

later he vomited some dark brown fluid. The following 

day he passed a black motion. In the afternoon he 

vomited blood again and had more maelena. he has 

never had a smilar attack before. 
Previous Health: Patient had syphilis twenty five 

years ago. ialaria in Greece 1917. he drinks three 

to four pints of beer at week -ends. 

Family History: Nil to note. 

On Examination: The patient is pale with a yellow- 

ish tinge. Temperature during his stay in hospital 

rose irregularly up to 100. 

Abdomen: Is diffusely distended. The liver is 

palpable a hand's breadth below:the xiphisternal 

junction in the mid -line. The spleen is felt three 

inches beyond the costal margin. There is a fluid 

thrill and shifting dullness in the flanks. There 

is no tenderness. 

Test Leal: Free Acid. .073% 

Combined Acid .131ÿa 

X -Ray: The stomach is hypertonic: no ulcer. 

Other Systems: Nil to note. 

The Blood. Findings are shown in the table. 

15.1á27. Wassermann Regction: Positive. 

8.2.27. Oedema of the ankles was present. 

8.3.27. Severe epistaxis . 



Abstract of post -mortem notes: Slight atherona be- 

yond the aortic valves. Subphrenic abscess. Marked 

coarse cirrhosis of the liver. Thrombosis of the 

splenic vein. The small intestine was very oedema - 

tous. The oesophageal veins were dilated but no ero- 

sion was visible. Microscopically the liver showed 

general disassociation of the cell columns. Many 

cells had multiple nuclei. Old standing thrombosis 

of the splenic vein. The kidney showed chronic ne- 

phritis. 

The Spleen : Weight 434 grammes. 

Vascular lesions: Perimalpighian haemorrhage and fi- 

brosis: periarterial haemorrhage and fibrosis: sider- 

otic nodules' all present. 

Venous Sinuses: Slightly but visibly dilated. 

Slight increase of collagen in their walls. 

l'alpighian bodies : No germ centres. 

Pulp Cells: Crushed and somewhat flattened between 

the sinus walls. 



Gladys H. 

Blood. 

Date 

22.11.23 

Case VII 

W.B.C. Eb 

5,500 30 

C.I. 

.47 

N Lyra M E B R.B.C. 

3,400,000 

14.12.23 4,580,000 4,000 46 .5 63 27 5 2 1 

11.1.24 4,800,000 4,300 40 .41 59 24 12 3 2 

29.1.24 4,530,000 2,300 42 .46 54 40 4 5 2 

19.2.24 4,770,000 10,000 35 .37 71 25 6 0 0 

20.3.24 Splenectomy: 

31.3.24 4,700,000 16,000 39 .42 

19.5.24 5,100,000 13,200 35 .34 

30.5.24 4,720,000 16,000 42 .44 60 28 10 1 1 

20.6.24 4,100,000 11,200 33 .4 

19.7.24 5,000,000 11,000 42 .42 45 36 15 4 0 

6.3.25 5,500,000 22,000 47 .42 

-.7.27 5,200,000 7,600 54 .52 

Feb.28 4,600,000 11,000 32 .38 Patient now has cancer of 

the tongue. 



C A S E VII. 

Gladys H. aet 28. 

Admitted to hospital: 4.12.25. 

History: Patient complained of breathlessness on 

exercise, sleeplessness and a feeling of fatigue for 

the past ten years. She has also had attacks of nose - 

bleeding and headaches. The patient had an enlarged 

liver with jaundice when she was five years old. This 

lasted five weeks. 

Family History: Nil to note. 

On Examination: The patient is a well nourished wo- 

man but is definitely pale. 

Abdomen: The liver can be felt one inch below the 

costal margin and its edge is somewhat hard. The 

spleen is palpable just beyond the costal margin. 

There is no enlargement of the other organs and no 

tenderness. 

Cardiovascular System: There is a soft haemic sys- 

tolic murmur at the base of the heart. No other 

abnormalities. 

Other Systems: Nil to note. 

Blood: The counts are given in the annexed table. 

Wassermann Reaction: Negative. 

Van den Bergh: Direct: Negative. Indirect: 'osi- 

tive 2.5 units. 

Fragility Test: iaemolysis begins at .55% and is 

complete at .420. Fragility is therefore increased. 

Price -Jones Curve: Shows a microcytosis, the majority 

of the red cells measuring 6 to 6.5 (done after splen- 

ectomy). 

20.5.24. Splenectomy: The liver is coarsely cirr- 

hosed and enlarged. The spleen was adherent to the 



under surface of the diaphragm. Its weight on remo- 

val was 400 grams. 

A section of the liver taken at operation showed a 

regenerating nodule with slight chronic inflammatory 

changes round the portal tracts. 

31.5.24. Haemolysis of the red cells begins at .55ya 

i.e. there is no alteration in fragility as a result 

of splenectomy. 

The Spleen: Weight 400 grammes. 

Vascular lesions: Periarterial fibrosis with haemorr- 

hage. No perimalpighian change and no siderotic no- 

dules. 

Venous Sinuses: Moderately dilated with slight in- 

crease of collagen in the walls. 

Malpighian bodies: Nil to note. 

Pulp Cells: No change in appearance of individual 

cells. 



Maud M.K. 

Blood. 

Date R.B.C. W.B.C. Hb 0.1. N. Lyn. TvI. E. B. 

13.9.29 1,800,000 1,200 20 .5 75 22 0 2 1 

18.9.29 3,140,000 5,100 21 .35 66 33 o o 0 

1.10.29 3,700,000 7,300 20 .3 62 36 0 2 0 

16.10.29 3,020,000 5,400 29 .48 71 24 3 2 0 



C A S E VIII. 

Maud M. K. aet 65: Occupation: Housewife. 

Admitted to hospital: 3.9.29. 

History: Four months before admission patient lost 

her voice. On four occasions in the past nine months 

she has vomited blood, the last occasion being on 

16.8.29. She suffers from shortness of breath on 

exertion. This symptom she has noticed for a year or 

two. 

Previous. Health: There is a long history of past ill- 

ness with trotble in the right foot. Three years ago 

she had an operation for tuberculosis of the right 

foot. Patient's mother and one sister died of tuber- 

culosis. 

On Examination: Patient is pale. Temperature rises 

up to 99 at night. 

Abdomen: Is diffusely distended. The liver can be 

felt one inch below the costal margin. Spleen is 

palpable two inches below the costal margin. 

Examination of Stool: 

Test Meal: Fasting 

Occult blood negative. 

Free HC1 O. 

Total acid 8. 

One Hour: Free HCl O. 

Total acid 24. 

Chest: Coarse crepitations at the roots of both 

lungs. 

X -Ray: Opacities in both hilar regions and at the 

left apex. 

Sputum: T.B. Negative. 

Larynx: Swelling of mucous membrane and gra- 

nulation tissue on the posterior part with some cede - 

ma of the arytenoids. 

Cardiovascular System: Mitral systolic murmur: no 

other signs. 
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Van den Bergh Reaction: Negative, direct and indi- 

rect. 

Wassermann Reaction: Negative. 

Blood findings are given in the table. 

23.10.29. Patient began to vomit blood in large quan- 

tities. This continued all through the night and in 

spite of active treatment could not be controlled. 

Death occurred 24.10.29. 

Abstract of post -mortem notes. The liver is definite- 

ly cirrhosed with a fibrous network of connective tis- 

sue passing through all parts of the liver. Microsco- 

2ically the liver shows marked new growth of connec- 

tive tissue around the portal tracts, in which infil- 

tration_ with lymphoid cells is prominent. In the new- 

ly formed lobules degeneration and regeneration of 

cells is going on hand in hand. There is very mark- 

ed infiltration with leucocytes in some of the degen- 

erated areas. In other areas staining with bile pig- 

ment is prominent. 

Oesophagus: There is dilatation of tortuous veins be- 

neath the mucosa of the lower end of the oesophagus. 

The intestine is full of unaltered blood. 

The spleen is enlarged, weighing 28 ounces. 

There is chronic inflammation of the mucosa and sub - 

mucosa in the neighbourhood of the vocal cords. 

The lungs: show numerous scars of old tuberculosis. 

The Spleen: Weight 870 grammes. 

Vascular lesions: Periarterial haemorrhage: periar- 

terial fibrosis: perimalpighian haemorrhage and fi- 

brosis: siderotic nodules. 

Venous Sinuses: Congested and dilated. Reticulin of 

the sinus walls is thickened to take the red van 

Gieson stain. 

hIalpighian bodies: No germ centres seen. 

Pulp cells: No visible change in the appearance of these. 



Robert S. 

Blood 

R .B . C . W. B . C . Hb 0.1. N. Lyrn . Y. E. B. Date < 

14.9.27 3,700,000 3,400 70 .9 56 31 13 0 0 

14.10.27 Splenectomy. 

21.10.27 4,100,000 7,600 82 1.0 61 29 6 3 1 

28.10.27 4,640,000 7,000 74 .8 57 40 3 0 0 

14.12.27 4,440,000 7,600 80 .9 55 40 5 0 0 



CASE 12:. 

Robert S. aet 33. Occupation: Draughtsman. 

Admitted to hospital: 7.10.27. 

History: Patient had syphilis five years ago and was 

under skilled treatment for ó months. At the end 

of that time he developed jaundice which was said to be due 

to Salvarsan poisoning. He recovered in four months, 

but since then he has felt depressed and weak. his 

Wassermann reaction was quite negative after the 

course of treatment. His cerebrospinal fluid was 

not examined. Two years ago patient had a haemorr- 

re from the rectum, losing about a pint. He felt 

very weak afterwards. At this time it was found 

that he had an enlarged spleen. 

Patient always feels heavy and depressed. About 

four years ago he began to have shivering attacks, 

with pains round the umbilicus. These were followed 

by weakness which lasted for about a fortnight. 

During these turns he sweats persistently for the 

first three days. He is sometimes a little jaundiced 

during these attacks. 

Previous History: Dysentery. No history of alcoho- 

lism. 

Family History: Nil to note. 

On Examination: Patient is a little pale and some- 

what depressed. 

Abdomen: Appears a little full in the left hypochon® 

arium. There is no cutaneous hyperaesthesia. The 

spleen is easily palpable, extending down nearly to 

the umbilicus. It is firm in consistence but not very 

hard. There is a little tenderness on pressure over 

it. Liver just palpable on deep inspiration, but not 

enlarged, the liver dullness being normal in extent. 



No dullness in the flanks . Nothing else abnormal felt 

in the abdomen. 

Cardin ®Respiratory System: 

B.P. 5.105. D.60. Nil else to note. 

Other Systems: No abnormality detected. No enlarged 

glands felt. 

Blood f ind.ins are indicated in the table. 

Operation: 14.10.27. Splenectom_y. 

Numerous dilated veins in abdominal wall suggestive of 

cirrhosis. The spleen was mottled and rather pale in 

colour, with smooth surfaces: no adhesions except at 

upper pole and extending a hand's breadth below the 

costal margin. The liver was slightly smaller than 

normal, with a rough morocéo leather surface, not 

densely hard - a relatively early stage of cirrhosis. 

Numerous large veins were seen passing from the spleen 

and crossing over the splenic flexure of the colon. 

There were numerous enlarged glands in the splenic 

pellicle. Weight of spleen 1020 grammes. 
29.100.5 

. Discharged. Condition very satisfactory. 

14.12.27. Reported: in very good health: good colour: 

eating and sleeping well: in good spirits: no further 

sweating: firm scar. Is obviously putting on weight. 

Larch 1930: He replied to a questionaire that since 

operation he was fit for work, had never vomited 

blood or had melaena: had occasional slight nose 

bleeding: no jaundice or swelling of the abdomen: 

suffers from flatulence, a symptom which he had be- 

fore operation. He suffers slightly from breathless- 

ness. 

18.4.33. Wrote that his health was what he would des- 

cribe as normal. About two years ago, itchy and 

watery headed shingles appeared on several parts of 

his body, eventually developing into patches. His 

doctor prescribed for him without benefit and in 
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despair he wrote to the National College of. Health, 

Manchester, and was told that the condition was due to 

absence of his spleen. The treatment they prescribed 

has cured him and the patches are healed. (? Syphilis) 

An Insurance Company has recently accepted him for a 

Life Policy. 

Spleen: Weight 1020 grammes. 

Vascular lesions: Periarterial haemorrhage: periar- 

terial fibrosis: perimalpighian haemorrhage and 

fibrosis: no siderotic nodules. 

Venous Sinuses: Moderately dilated. Marked increase 

of collagen ir sinus walls. 

vialpiEhian bodies: Occasional germ centres. 

2u12 Cells: An Increased proportion of elongated 

fibroblastic cells: otherwise nil to note. 
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CASE X. 

Euphemia A. aet 49: Occupation: Dressmaker. 

Admitted to hospital: 25.4.28. 

History: Until four years ago patient was in excel- 

lent health. She then began to have pain and swel- 

ling in the right side below the ribs, the pain 

being a dull ache and constant in character. She 

felt faint and weak and her legs and feet became 

swollen, so that she could not get her shoes on. 

She was in hospital for three months under medical 

treatment and was much better on discharge. About 

six weeks later she had a return of the same symp- 

toms, most of the pain being or the right side, 

but occasionally there was sharp pain for days at 

a time in the left side. She could feel a large 

hard swelling in the left side. Her legs were 

again swollen and she was in indifferent health 

for many months. During her bad turns she be- 

came "yellow ". 

Previous Health: Muscular rheumatism, bronchitis 

and pleurisy. Erysipelas three times. 

Family History: Nil to note. 

On Examination: Intelligence average. Weight 8 

stones. There is a slight malar flush and an ic- 

teric tinge in the skin. The mucous membranes and 

lips are pale. 

Abdomen: There is slight swelling of the abdomen 

and noticeable fullness in the flanks. There is 

tenderness on both sides over the liver and spleen. 

Liver is palpable three fingers breadths below 

costal margin, smooth and tender to pressure. 

Spleen is palpable two fingers breadth below cos- 

tal margin. It is hard, smooth and tender. A 
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fluid thrill can be elicited in the flanks. ] 'ric- 

tion is heard over the spleen. 

Circulatory System: Nil to note. 

Respiratpry System: Coarse rhonchi heard in vari- 

ous parts of the chest. Nil else to note. 

Nervous and Other Systems: No abnormality. 

Blood Count: R.B.C. 4, 200,000 

7,200 

Hb. 60% 

C.I. .71 

Differential Count: 

Neutrophils 60% 
Large Lymphocytes 16% 
Small do 23 
Eosinophils 
Basophils .5/ 

Fragility Test: No haemolysis above .4% Saline. 

Coelioscopy: 11.5.28. Under scopolamine morph- 

ine narcosis. Coelioscopy revealed that the spleen 

was considerably enlarged with a rounded lower mar- 

gin and no definite perisplenitis. The surface ap- 

peared to be a pale red colour, with numerous white 

pin points visible over it. The liver was next ex- 

amined. It appeared to show a moderate degree of 

cirrhosis. The surface of the liver had an ap- 

pearance, when seen through the cystoscope, similar 

to that of fat. This appearance was probably due 

to some degree of perihepatitis. The gall- bladder 

was clearly visible. It was large and probably 

thin - walled, having the normal green appearance. 

There was a small amount of fluid in the perito- 

neal cavity, and this rendered the examination 

difficult, owing to the fact that oxygen introduced 

by trocar and cannular bubbled up the fluid in the 

line of vision. 
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Operation: 14.5.28. Splenectomy. 

Some free fluid in abdomen. Very marked perihepa- 

titis over liver, which also showed definite coarse 

cirrhosis. Cirrhotic change less marked over left 

lobe. Spleen large, smooth, with rounded lower 

border. No adhesions. Slight perisplenitis. 

Progress: After operation patient developed a 

bronchitis, and later parenchymal involvement of 

the lung with marked pyrexia, and large quantities 

of purulent sputum, occasionally blood stained. 

This complication cleared up in about three weeks. 

During that time, however, further trouble ensued. 

Oedema of the extremities was very marked, and both 

legs swelled to almost double their normal size. 

Patient looked very toxic and ill, slept badly, 

and was definitely suffering from liver insuffi- 

ciency. The oedema of the extremities remained 

much the same until the administration of nova - 

surol, 2c.c. weekly, was begun four weeks prior to 

discharge. After the fourth dose of this, tremen- 

dous improvement was noticed. 

As regards the wound, this broke down a fortnight 

after operation and was re- sutured, but again broke 

down. On discharge the area had granulated well, 

and the abdominal wall was satisfactorily kept to- 

gether by means of an adhesive belt with tapes. 

21.7.28. Discharged. 

R.B.C. 3,500,000. 
Bb. 700 
C.I. 1. 

20.3.29. Ventral hernia present, caput Medusae. 

Liver still very large. Early distention of veins. 

Getting about and feeling fairly well. 

March_ 1930: Replied to a questioitire that she was 



only "slightly improved" since operation, and that 

she was somewhat jaundiced. She suffers from fla- 

tulence and indigestion, is slightly breathless and 

can only do slight work. 

April 1.9511. Written to but no answer received. 

.Spleen: 

Vascular lesions: Periarterial Fibrosis: No fresh 

periarterial haemorrhage: no siderotic nodules. 

Venous Sinuses: Dilated, with increase of collagen 

in their walls. 

Malpighian bodies: No germ centres seen. Hyaline 

masses prominent. 

P_Cells : No change in appearance of individual 

cells. 



Joseph F 

Blood 

R.B.C. 

4,200,000 

3,040,000 

Splenectomy 

E. B. 

2 0 

XI` 

W.B.C. Eb C.I. N. Lyra. M. 

4,800 66 .79 55 36 7 

Platelets 37,000 

28,000 Platelets: 310,000 

15,000 Platelets 540,000 

12,800 Platelets: 790,000 

10,000 Platelets: 590,000 

Date 

2.12.29 

19.12.29 

27.12.29 

29.12.29 

1.1.30 

3.1.30 

8.1.30 

4,050,000 

3,720,000 

4,260,000 

4,420,000 
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CASE XI. 

Joseph F. aet 13. 

Admitted to hospital: 21.12.29. 

History: Patient was quite well until five months 

ago when he vomited frequently for three or four 

days. The vomit was yellowish in colour and 

contained neither coffee grounds nor obvious blood. 

There has been no vomiting since then. A month la- 
ter he was sent home from school feeling; sick and 

shivering This passed off in two days. his eyes 

were sore at n..ghts; vision was good and there were 

no other eye symptoms. He has not felt this for 

some weeks. 

Eight weeks ago, it was noticed that his abdomen was 

swelling,. During the past three weeks he had noti- 

ced that his handkerchief had been bloodstained 

after blowing; his nose. For four or five days his 

urine was smoky red in colour. For the past seven 

or eight weeks he has had many small reddish spots 

on the skin, especially on the chest. There has 

been no abnormal tendency to bruising. No history 

of melaena. 

Previous Health and Family History: Nil to note. 

On Examination: Patient is of good physique for 

his age and looks well. Conjunctivae show a very 

slight yellowish tint. There is no evidence of 

jaundice of the skin. Skin and mucous membranes 

show a slight degree of anaemia. There are a few 

small purpuric spots on the front of the chest, 

abdomen and arms. These are the size of pin -heads 

and do not disappear on pressure. 

Abdomen: There is a general fulness, rather more 

pronounced on the left side. Slightly distended 
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veins are present over the upper part. Thespleen 

is enlarged to the mid.line and to a point one 

inch below and to the left of the umbilicus. It is 

firm and has all the characteristics of a splenic 

enlargement - notch, dull percussion note, and 

mobility on respiration. There is no dulness in 

the flanks. The liver is not enlarged. 

The Blood Counts are shown in the table. 

Fragility Test: Haemolysis begins at 0.45; saline. 
complete 0.35a " 

Van den Bergh: Direct reaction - positive delayed. 
Indirect do - positive. 

Blood Cholesterol: 118 mgjo (low normal) . 

Wassermann: Negative. 

Cardiovascular System: There is a faint systolic 

murmur at the base, otherwise nil to note. 

Other Systems: Nil to note. 

Operation: 27.12.29. Splenectomy. 

The spleen was very large and firm, somewhat pale 

and a little puckered on the surface. The liver was 

small and hob -nailed, the left lobe extending very 

slightly beyond the middle line. The gall- bladder 

wall was thickened and opaque, whitish in colour, 

but no stones were felt. The stomach and duodenum 

were normal. Weight of spleen was 660 grammes. 

7.1.30. Sudden acute pain to left of wound in 

morning. Lasted about one hour. Disappeared 

shortly after an enema had been given. Diarrhoea 

during the day. 

11.1.30. Discharged. 

Progress: Was killed in a motor accident 20 months 

after operation (August 1951). He had been quite 

well and going about. 

Spleen: Weight 660 grammes. 

Vascular lesions: reriarterial haemorrhage: peri- 



arterial fibrosis: perimalpighian haemorrhage and 

fibrosis: no siderotic nodules. 

Venous Sinuses: Marked dilatation. Very slight 

increase of collagen in sinus walls. 

Malpighian bodies: Germ centres prominent. 

Pulp Cells: No abnormality in appearance. 
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C A S E XII. 

John T. aet 12. 

Admitted to hospital: 30.12.29. 

History: Patient dates his illness from two months 

ago when he began to lose appetite and energy and to 

feel sickly. He had some Vain across the upper ab- 

domen and vomiting on one or two occasions. His 

bowels moved 4 times a day and sometimes oftener. 

This tendency to diarrhoea has been present for 

years and he has passed motions up to 12 times a 

day. He often has a feeling of wishing to pass a 
motion but is unable to do so . During the past two 

months he has been troubled with nose bleeding. 

This lasts only a few minutes at a time with inter - 

vals of freedom of two to three weeks. The quantity 

lost is not large. He has not been able during 

these last two months to play football and the usual 

children's games, as he is too easily tired. 

Previous History: Quite healthy apart from a des- 

ire frequently to go to stool._ Two years ago he 

was "run down ", and was said to be suffering; from 

'rickets. He was given malt and remained fairly well 

for about a year when he became seriously ill. He 

had then acute intestinal catarrh with colic and 

jaundice. He was ill for about a month and made a 

good convalescence. 

Family History: Father and mother cousins, apparently 

- healthy. 

On Examination: Patient is a pale but well develop- 

ed boy of 12. His face is plump and there are no 

signs of disease apart from the swollen abdomen. 

Abdomen: The abdomen is distended to a considerable 

degree, being full anteriorly and in the flanks, ant 

the lower ribs are splayed outwards over the dis- 

tended upper part of the abdomen. On the skin of 



the upper abdomen there are numerous distended veins 

running upwards from the umbilicus to the chest wall 

and as far as the upper ribs where they disappear. 

These veins fill rapidly from below, slowly from 

above, when emptied by pressure. 

There are no signs of free fluid in the peritoneum. 

The liver is greatly enlarged, the lower border being 

palpable as a sharp even edge, a hand's breadth below 

the costal margin. The spleen also is greatly enlar- 

ged, reaching halfway to the umbilicus and with a 

notched anterior margin. There are no other abnor- 

malities in th abdomen beyond a scar of operation 

for inguinal hernia on each side. 

Cardiovascular System: The heart is pushed upwards. 

Paint systolic murmurs at mitral and pulmonary areas. 

Other sounds closed. 

Other Systems: Nil to note. 

Blood Examination: 

R.B.C. 4,780,000 
.B.C. 8,300 

Hb . 80% 
C.I. 0.85 

Differential Count: 

Neutrophile 68;ß 

Small Lymphocytes 20% 
Large do 5 

Monocytes 7r'ß 

No abnormal types of W.B.C. 

Coagulation Time 32 minutes. 
Bleeding " 4 do 

Wassermann: (1st. report: weak positive) 
2nd. and 3rd. reports: (after provoca- 
tive dose of .3 gramme novarsenobil- 
lon): Negative. 

Mother's blood Wassermann - Negative. 
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Operation: 21.2.30. Splenectomy. 

There was no free fluid. The liver was found to be 

greatly enlarged, quite smooth though mottled in ap- 

pearance and very firm like india- rubber. The gall- 

bladder was enlarged, and tense, with a fat -laden 

wall. The cystic gland was enlarged: stomach and 

duodenum normal. The spleen was enlarged to three 

times normal size. There were numerous enlarged 

fleshy glands along the splenic vessels, and several 

spleniculi. The lien -renal ligament was unduly vas- 
cular. The falciform ligament was noted to be very 

vascular with _several large veins and numerous tiny 

vessels. At its attachment to the liver, fine ves- 

sels were noted to run to it from the capsule of that 

organ. Weight of spleen was 600 grammes. 

28.2.30. RB àC « 4, 800, 000 
W.B.C. 17, 200 
Neutrophils 7a% 
Large Lymphocytes 120 
Small do 87-0 

Eosinophils 2% 

18.1.33. Reported. Slight dermatitis on back of 

both hands and feet. Sometimes blisters. 

The condition was not considered to have any rela- 

tion to abdominal one. 

25.4.33. Reported (by request) : 

R.B.C. 4, 350, 000 
W.B.C. 10, 60o 

Rb . 50$ 

Skin condition cleared up. Has been very well other- 

wise - playing games and never off school. Colour 

good. No visible signs of anaemia. 



Mary B. 

Blood 

Cc X 
Date R.B.C. W . B . C . Rb C.1. N . Lym. M. E. B. 

21.12.28 1,410,000 3,400 20 .7 Reticulocytes:1%. 

Platelets: Very few: Marked anisocytosis and poikilo- 

cytosis. Cells small. 

1.2. 29 2,700,000 3,800 20 .4 Reticulocytes: 1% 

26.2.29 Splenectomy . Free fluid in the abdomen, and 

thickening of peritoneum in gastrosplenic omentum. 

Liver enlarged and cirrhosis very definite: 

Blood transfusion after operation: Enlarged 

glands in the splenic pedicle. Wt. 710 gms. 

2.3.29 3,410,000 23,100 28 .4 Reticulocytes, 4.6 

Platelets: 700,000 

5.3.29 3,890,000 15,600 30 .4 Platelets:600,000 

11.3.29 3,900,000 15,400 30 .4 Reticulocytes: 2.3, 

22.3.29 4,200,000 11,200 35 .4 Reticulocyte. 10 

Platelets: 50,000 



C ASE XIII. 

Mary B. aet: 49. Occupation: Housewife. 

Admitted to hospital: 17.12.28. 

History: A week prior to admission patient suddenly 
felt a lain in the epigastrium which was relieved by 

vomiting. It was noted that the vomited material 

contained blood. The next day she noted that she pas 

-sed blood in the stools. Four days after this at- 

tack she again vomited blood, and her stools were 

black in colour. She had a third attack two days 

later in which the amount of blood brought up was 

greater than on the previous occasions. 

Before the first attack of haematemesis, a week be- 

fore admission, patient had noticed a feeling of 

tightness across the epigastrium immediately after 

taking food. This discomfort had been present for 

about two months. Her appetite was poor, and she 

had a feeling of thirst occasionally: flatulence 

was troublesome. She has had no pain relata to 

meals. 

Five years previously the patient had an attack 

similar to the present one. A large spleen and a 

leucopenia were found then, and the Wassermann was 

triple positive. An ovarian cyst had been removed 

19 years previously. 

Family History: Mother has rheumatism and "gastri- 

tis". One sister died of a perforated peptic ul- 

cer. Father died of erysipelas. 

On Examination: Patient is well developed. Very 

anaemic with a yellow pallor. Tê'eth artificial, 

gums healthy. 

Abdomen: prominence on the left side which moves 

freely with respiration. There is some tenderness 



for four inches below the costal margin on both 

sides, with increased muscular resistance over those 

areas. The liver edge is felt about one inch below 

the costal margin. The spleen is felt extending two 

or three inches below the costal margin. There are 

signs of free fluid. 

Circulatory, Respiratory and Nervous Systems: Nil 

to note. 

For two months after admission the patient was treat- 

ed with arsenic, iron and liver. No rise in the hae- 

moglobin values was produced, although the red cells 

increased without any reticulocytosis. 

Wassermann: Negative. 

20.2.29. Splenectomy. 

aleen_ : Weight 710 grammes. 

Vascular Lesions: Perimalpighian haemorrhage and 

fibrosis: Periarterial haemorrhage and fibrosis: 

siderotic nodules. 

Venous Sinuses: Dilated with increase of collagen 

in sinus walls. 

Malpighian bodies: No germ centres seen. 

Pulp Cells: xn. increased proportion of elongated 

fibroblastic cells. Nil else to note. 
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CASE XIV. 

David C. aet 19. 

Admitted to hospital: 24.8.27. 

History: Three months before admission the patient 

began to have a stabbing pain on the left side of the 

abdomen. The pain came in attacks lasting half an 

hour or so. He had no other symptoms of note at this 

time. About a month later he began to suffer from 

general weakness and lassitude, headaches, giddy 

turns, and slight breathlessness. During the last 

few weeks he has had several attacks of epistaxis 

and weakness has been increasing. There have been no 

digestive symptoms and bowels are regular. There has 

been no loss of weight. 

Previous Health: scarlet fever and measles in boy- 

hood. 

Family History: Nil to note. 

On Examination: The patient is pale and of poor 

physique but is not specially thin. 

Abdomen: The spleen is enlarged-to three inches be- 

low the costal margin. The liver is not obviously 

enlarged and cannot be felt. There is no free 

fluid. 

Cardiovascular System: A soft systolic murmur was 

heard over the precordium. 

Other Systems: Nil to note. 

Blood: R.B.C. 4,840,000 
W.B .0 . 3,400 

Hb . 80% 

Operation: 26.8.27. Splenectomy. 

There were no adhesions. There were some enlarged 

glands in the splenic pellicle and in the mesentery. 

The liver was definitely cirrhotic. 

Patient became irritable and sleepless following the 
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operation. Six days later the temperature had risen, 

with diarrhoea and rapid respiration. Typhoid was 

excluded by the usual tests. Pneumonia set in and 

death occurred on the eighth day after operation. 

Abstract of post -mortem notes: The liver showed a 

well marked atrophic cirrhosis. There was well 

formed fibrous tissue in the portal tracts with fo- 

cal necroses here and there. There was a low degree 

of generalised peritonitis. A mesenteric gland 

which was examined showed extensive central necrosis 

with a slight degree of acute inflammation. The bone 

marrow showed an extension into the shaft of the fem- 

ur with a mixed leucoblastic and erythroblastic re- 

action. A fair number of megaloblasts were seen. 

Broncho pneumonia was present and had become con- 

fluent in the right lung. The left kidney was small 

and scarred ? Pyelo- nephritis. The right kidney was 

large and hypertrophied. 

Spleen: 

Vascular lesions: Periarterial haemorrhage and fi- 

brosis: Perimalpighian haemorrhage and fibrosis: no 

siderotic nodules. 

Venous Sinuses: Moderately dilated with increase of 

connective tissue in the sinus walls. 

Malpighian bodies: Germ centres present. 

Pulp Cells: No change in appearance. 



CASE XV. 

George G. aet 26: Occupation: Inspector of Poor. 

Admitted to- hospital: 15.2.30. 

History: Two years ago patient awoke one morning feel 

ing sick, and shortly afterwards vomited about half a 

pint of red blood. This was repeated on several oc- 

casions that day. This was the first warning he had 

of ill -health. He was treated for duodenal ulcer. 

Since then he has always had some abdominal discom- 

fort, chiefly in the evenings, and has never really 

felt up to the mark - easily tired and not inclined 

to be energetic, but has had no specific complaint 

súch as abdominal pain. Six months ago he had some 

nausea, but no vomiting, and thereafter for some 

days his stools were black in colour. Ten weeks ago 

he again vomited about a pint of bright red blood. 

Since then his lassitude and feeling of fatigue have 

been markedly increased. He has not felt fit for 

any work; he becomes breathless when he walks about, 

even on the level; he suffers from giddiness when he 

turns, stoops or rises quickly." Patient has always 

been pale and of a sallow complexion. He frequently 

has attacks of epistaxis. 

Previous Health: An attack of jaundice lasting six 

weeks weeks twelve years ago. 

On Examination: The patient is pale and of a sallow 

complexion. His eyes are rather sunken andhave dark 

rings below them. There is a tinge of jaundice in 

his skin, and very slight icterus of the sclerotics. 

Abdomen: Is rather full and appears larger above 

than below. There is a definite fullness in the left 

hypochondrium. The abdomen is soft, moves easily 

and rhythmically with respiration. On the left side 

there is a large firm swelling, reaching almost to 

the umbilicus, which moves downwards and forwards on 
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deep inspiration. It is firm in consistence, regu- 

lar and smooth in outline and not tender on pressure. 

On the inner side a notch can be felt. The position, 

size, shape and consistence of this swelling render 

it obvious that it is the spleen. The liver is not 

palpable. No other abnormality was discovered on 

palpation of the abdomen. No enlarged lymph glands 

were felt on palpation of all the superficial groups. 

Van den Ber h Reaction: 

Direct: Positive delayed. 
Indirect: Positive. 

No bile ever appeared in the urine. 

Blood: R.B.C. 3, 
W.B.C. 

rib. 

C.I. 
Neutrophils 
Small Lymphocytes 
Large do 
Bosinophils 

000,000 
2,600 

25% 
0.42 
71% 
23 

5 
1$ 

Film: There is inequality in size of red cells, no 

nucleated red cells, no polychromasia. No myelo- 

cytes. 

Reticulocytes 
Platelets: 
Coagulation Time: 

Bleeding Time: 

2% 
74,000 
three and a quarter 
minutes. 
three minutes (Filter 

paper) 

Fragility of the red cells was decreased. Lysis was 

not complete at .3A, and the cells were completely 

resistant at .45% 

Blood cholesterol: 179 mgs 

Cardiovascular System: There were no murmurs, hae- 

mic or otherwise on auscultation. 

Other Systems: Nil abnormal. 

Operation: 11.3.30. Splenectomy. 

Weight of spleen 1080 grammes. No adhesions. No free 



fluid. Liver small and cirrhotic. Patient developed 

a bronchopneumonia to which haematenesis was super - 

added and death occurred on 20.3.30. 

Abstract of post- mortem notes: Early peritonitis. 

Bronchopneumonia. Marked dilatation of veins at the 

lower end of the oesophagus. Liver much reduced in 

size. Whole of the left lobe had almost entirely 

disappeared. Right lobe roundish and very firm. Cap- 

sule showed fibrous tissue thickening and was finely 

nodular in appearance. Large smooth nodules like 

accessory livers on the under surface. Numerous hae- 

morrhages scattered throughout the accessory livers. 

Section of the liver showed diffuse fibrosis. 

Bone Marrow: The marrow of the shaft of the femur 

showed a replacement of the fatty tissue by a pale 

red erythroblastic tissue. 

Spleen: Weight 1080 grammes. 

Vascular lesions: Periarterial haemorrhage: periar- 

terial fibrosis: perimalpighian haemorrhage and fi- 

brosis. 

Venous Sinuses: Markedly dilated.Increase of fib- 

rous tissue in sinus walls. 

Ivialpighian bodies: No germ centres seen. 

Pulp Cells: No abnormality in the appearance of the 

individual cells. 
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CASE XVI. 

Robert R. S. aet 29. 

Admitted to hospital: 13.5.28. 

history: Since the age of nine years, patient was un- 

der observation with splenic anaemia. The blood counts 

throughout this period showed a secondary anaemia and 

leucopenia (counts not available). A sallowgreyish 

brown tint of the skin led to the diagnosis of Gaucher's 

disease, and on this account splenectomy was not consi- 

dered. Throughout the illness the patient had repeated 

haematemesés. Intermittent attacks of jaundice occurred 

at first but later the jaundice was constant. He had 

severe dragging pains in the left side during the last 

few years and deep X -ray treatment was carried out. 

Spontaneous nose bleeding frequently occurred. The 

pain continued to be severe and on 13.5.28. the patient 

committed suicide by drinking lysol. 

Abstract of post -mortem notes. The body was well deve- 

loped and well nourished. There was no obvious oedema. 

The whole body showed deep jaundice. The mucous membrane 

of the oesophagus was desquamated in the form of a brown 

slough. The stomach and the upper part of the intestines 

showed marked necrosis of the mucous membrane. 

The abdomen was moderately distended and contained 

eight to ten ounces of clear, slightly bile stained 

fluid. The liver was rather large and weighed nineteen 

hundred grammes. It was deformed by fissures and nodules. 

The outer surface of the liver showed numerous fibrous 

adhesions. On section, bands of fibrous tissue separa- 

ted nodules of regenerated liver tissue. These nodules 

were considerably bile- stained. The gall -bladder con- 

tained one or two pigment calculi. There was no obs- 

truction in the biliary passages which appeared healthy. 

The pancreas showed no obvious abnormality. 



311 

The spleen was enormously enlarged and weighed 1500 

grammes. The peritoneal surface was an opaque white 

colour. The cut surface was somewhat paler than usual, 

and there were no signs of infarcts. The lymph glands 

of the gastro- splenic omentum were considerably enlarged 

and dark red in colour. 

Bone Marrow from the shaft of the femur showed a marked 

reaction and was deep red in colour. heart, aorta, 

lungs, and kidneys showed no abnormality. 

The Spleen: Weight 1500 grammes. 

Vascular Lesions: Perivascular haemorrhage: Perivascu- 

lar fibrosis: Perimalpighian haemorrhage and fibrosis. 

Siderotic nodules. 

Venous Sinuses: Slightly dilated with definite increase 

of collagen fibres in the walls. 

Malpighian bodies: No germ centres seen. 

Pulp Cells: No abnormality in appearance oft the 

individual cells. 
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C A S E .%`1II. 

Arthur W. aet 31. Occupation: Dental Surgeon. 

Admitted to hospital: 23.9.30. 

History: Epistaxis first occurred in 1911 and continued 

intermittently until 1922 despite cauterization. In 

1922, following extensive cauterization the attacks were 

arrested and have not recurred since. In 1925 he had a 

severe gastric haemorrhage. A second haemorrhage oc- 

curred eighteen months later. The third haematemesis 

occurred April 1929, and was so severe that he nearly 

died. The last attack of haemorrhage from the stomach 

was on 26.6.30. For five years the patient has had 

swelling of the ankles and breathlessness. 

Previous Health: Nil of importance. No history of 

jaundice or submucous haemorrhages or of bleeding from 

the rectum. While a student he wEls a heavy spirit drink- 

er for two years. 

On Examination: The patient is pale. There is marked 

clubbing; of the fingers. Temperature is normal. There 

is definite but slight oedema over the skin of the legs. 

Abdomen: The spleen is felt one inch beyond the costal 

margin. The liver is felt a hand's breadth below the 

xiphisternal junction in the midline. There is no free 

fluid and there is no tenderness or enlargement of the 

other organs. 

Cardiovascular System: There is a soft systolic murmur at 

the apex, otherwise nothing abnormal found. 

Wassermann Reaction: Negative. 

Fragility Test: Haemolysis begins at .470 and is 

complete at .3 saline. 

Van den Bergh Reaction: Negative direct and indirect. 

Blood Count: R.B.C. 3,330,000 
jtl B .ryC 1,000 

Eb . 66; -0 
C.I. .95 



Differential White Count: Neutrophils 65% 
Lymphocytes 28 
Monocytes 4% 
Eosinophils 30% 

Coagulation Time: One and three quarter minutes. 

(normal). 

Laevulose Tolerance Test: 

Fasting Blood. Sugar .1060 
50 gms. Laevulose by mouth 

Half an hour after, blood sugar .118% 
One hour .118% 
One hour and a half .118% 
Two hours .116ö 

Operation: 13.10.30. Splenectomy. 

The liver was markedly cirrhotic. The spleen was not 

adherent. The spleen was large, measuring eight 

inches by four inches. (700 gms.) Splenic vein and 

artery were very tortuous and thickened. A blood trans- 

fusion was given. A few hours after the operation the 

patient died. There was no post mortem examination. 

Spleen: Weight 700 grammes. 

Vascular Lesions: Perimalpighian. haemorrhage and fi- 

brosis: periarterial haemorrhage: periarterial fibrosis. 

Siderotic nodules. 

Venous Sinuses: Dilated with increase of collagen in 

the sinus walls. 

Malpihian bodies: Nil to note. 

Pulp Cells: No abnormality in appearance 



Fred. H. 

Blood. 

Date R.B.C. W.B.C. Rb C.I. N. Lym. M. E. B. 

13.10.28 4,080,000 2,300 90 1.1 71 21 6 2 0 

24.10.28 4,220,000 2,000 80 .95 70 20 5 5 0 

29.10.28 Splenectomy 

21.11.28 3,200,000 6,600 58 .9 55 39 3 3 0 

6.5.30 Readmitted for operation on inguinal hernia. 

8.5.30 5,030,000 7,000 104 1.0 62 29 8 1 0 
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Wassermann Reaction: Negative. 

Van den Bergh Reaction: Negative. 

Fragility Test: Haemolysis begins at .47"; and 

is complete at .320 Saline. 

The blood counts are indicated in the table. 

Operation: 29.10.28. Splenectomy. 

Great enlargement of the veins in the splenic pedici . 

The spleen was large and measured 10" x 4" x 5 ". Early 

cirrhosis of the liver and ascites were present. 

(Weight of spleen 1150 gms.) 

After the operation the patient had some troublesome 

distension of the abdomen which was relieved by treat- 

ment. He was discharged 4.12.28. 

Spleen: Weight 1150 grammes. 

Vascular Lesions: Perimalpighian haemorrhage and fi- 

brosis: periarterial haemorrhage and fibrosis. Si- 

derotic nodules. 

Venous Sinuses: Dilated with increase of collagen in 

their walls. 

Malpighian bodies: Nil to note. 

Pulp Cells: Compressed between the sinuses. No altera- 

tion in appearance. 



Daisy M. 

Blood. 

N. Lyn. M. E. B. R.B.C. W.B.C. Bb C.I. Date 

14.4.25 3,040,000 3,560 65 1.1 71 12 16 1 0 

1.5.25° 3,893,000 2,660 72 .92 

21.5.25 3,530,000 2,500 56 .8 64 25 10 0 1 

Slight polychromasia. 

22.6.25 4,002,000 1,500 63 .78 50 33 17 0 0 

25.6.25 Discharged. 

2.10.25 Readmitted. 

3.10.25 3,750,000 1,400 64 .86 76 14 10 1 0 

15.10.25 Splenectomy and blood transfusion(1- pints). 



CASE XIX. 

Daisy M. aet 44. Occupation: Housewife. 

Admitted to hospital: 10.4.25. 

History: Four months prior to admission the patient 

had ten teeth extracted after which she developed "in- 

fluenza". A month later her liver was found to be en- 

larged, and she became pale and anaemic. Five weeks 

before admission her feet began to swell. The swelling 

came on during the daytime and subsided when the pa- 

tient was in bed. Patient has always suffered from in- 

digestion and flatulence. There is no history of al -. 

coholic abuse. 

Family History: Nil to note. 

On Examination: There is pallor of the.skin and mu- 

cous membranes. There is some oedema over the sacrum 

but none in the feet. 

Abdomen: is uniformly distended. There is bulging of 

the flanks. No rigidity and no tenderness. The lower 

edge of the liver can be felt at the level of the umbi- 

licus on the right side. The edge of the liver is ,-, 

smooth and sharp:its surface is firm and not tender. 

On the left side the spleen can be felt 2 inches be- 

yond the costal margin. There is shifting dullness in 

both flanks and a fluid thrill can be elicited. 

Cardiovascular System: There is an occasional drop- 

ped beat (extrasystoles). A systolic murmur is heard 

at the apex but is not propagated in any direction. 

15.4.25. A trace of blood in the faeces. 

Test Meal: Fasting Juice. 
Free Acid 7. 
Total Acidity 30. 
After 1 hour. 
Free Acid 12. 
Total Acidity 22. 
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X -Ray shows slow emptying of the stomach. There is a 

small residue after four hours. 

While in hospital patient complained of pain in the back. 

Radiological evidence excluded the possibility of tu- 

mour growth. 

Wassermann Reaction: Negative. 

Van den Bergh Reaction: 8.5.25. Completely negative. 

Trace of albumen in the urine. The patient ran a 

slight temperature' up to 100!. in the evenings. 

25.6.25. Patient was dischaxzed from hospital. 

2.10.25.. Readmitted. While she was at home, the as- 

- cites had to b3 tapped four times, and the fluid was 

latterly blood-stained. There was now distension of 

veins round the umbilicus. No.occult blood was pre- 

sent in the stool and the temperature was now normal. 

15.10.25._ Splenéctomy. Three gallons of fluid re- 

moved from the abdomen. The surface of the liver was 

granular and finely cirrhotic. The spleen was enlar- 

ged and had one or two infarcts on the surface. One 

and a half pints of blood were transfused. 

Patient ran a temperature after,operation,and. ascites 

had to be repeatedly tapped. Ultimately deáth)occur- 

red from peritonitis. 7.11.25. 

Abstract of post mortem notes: Fibrin- purulent 
peritonitis. There was stenosis of the aorta between 

the superior and inferior mesenteric arteries. This 

was taken to be a congenital abnormality. There is 

a large irregular zone of degeneration under the cap- 

sule of the right lobe of the liver. 

Spleen: 

Vascular Lesions: Perimalpighian haemorrhage and fi- 

brosis: periarterial haemórrhage: periarterial fibro- 

sis. Siderotic nodules. 

Venous Sinuses: Moderately dilated with cellular 
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walls. Very slight increase of collagen. 

Malpighian bodies: Apparent new formation, of lymph- 

nodes along the penicillar arteries. 

Pulp Cells: No abnormal appearances. 



Thomas D. Ca 
Blood. 

Date R.B.C. W.B.C. Hb C.I. N. Lym. M. E. B. 

7.3.31 2,560,000 2,400 . 28 .58 

11.3.31 2,080,000 3,600 32 .75 80 12 8 0 0 

Platelets:.- 75,000. 

13.3.31 Splenectomy: Transfusion: 500ccs citrated blood. 

16.3.31 3,610,000 32,800 44 .6 Platelets: 164,000 

Reticulocytes: 12;0. 

24.3.31 3,750,000 12,600'46 Platelets: 123,000 
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CASE XX. 

Thomas D. aet 26. Occupation: Warehouseman. 

Admitted to hospital: 5.3.31. 

History: Patient was perfectly well until January 

1926, when he noticed that his abdomen was somewhat 

swollen. In April of that year he felt nauseated and 

on one occasion he vomited blood and at the same time 

his stools were black in colour. He has never had any 

vomiting since. Patient says that he was always rath- 

er pale after the haemorrhage, but the pallor became 

more marked and the abdominal swelling increased. He 

became very tired, sleepless and breathless, and had 

a feeling of heaviness in the left side. 

After radiation of the spleen in 1926, he felt well 

and had no further symptoms except a feeling of weak- 

ness. He managed to carry on at his work until ten 

days ago when he again noticed that his abdomen was 

beginning to swell and the feeling siness in his 
left side became more marked. Patient is troubled by 

breathlessness. appetite good. Bowels regular, no 

urinary symptoms. He has never lived abroad. 

Smokes 30 cigarettes a day and takes a moderate amount 

of alcohol. 

On Examination: Patient has a pale waxy appearance 

with a tinge of yellowness. Well nourished. Tempera- 

ture normal. 

Abdomen: Rather protuberant with slight fullness on 

the left side. No superficial or deep hyperaesthe- 

sia. There is slight tenderness below the costal 

margin on the left side. The spleen is greatly en- 

larged and extends almost to the umbilicus. Liver 

dullness is greatly diminished. There appears to be 

a little free fluid in the flanks. 

Heart: Soft blowing systolic murmur in pulmonary 



area. Nil else to note. 

Lungs: Few crepitations at left base. Nil else. 

Other Systems: Normal. 

Wassermann: Negative. 

Blood Counts: See table. 

Van den Bergh: Direct delayed positive: indirect 

positive. 

Icteric Index: 17. 

Fragility Test: No increased fragility of red cells. 

Coagulation Time: 42 minutes (Capillary Tubes) 

Bleeding Time: 6 do. 

Operation: 13.3.31. Splenectomy. 

A huge vein, as thick as a thumb, was seen crossing up 
from the umbilicus in the edge of the falciforra liga- 

ment. All the veins encountered were distended, tor- 

tuous and dilated. The liver was small and showed an 

early stage of cirrhosis. There was a considerable 

amount of free fluid in the abdominal cavity. The 

spleen was large and had a mottled appearance. There 

were several adhesions, containing large veins, be- 

tween the upper pole and the diaphragm. Patient was 

given 500 c.c. citrated blood. Weight of spleen 

100 grammes. 

25.3.31. Left side of chest aspirated and half a 

pint of straw coloured fluid withdrawn. Since opera- 

tion patient has been running a slight temperature 

but feels well. He has been troubled by a slight 

cough but otherwise progress is satisfactory. 

Progress. 

25.4.33. Asked to report. 

R.B.C. 
ü.B.C. 

Hb. 

Very well. 

4,500,000 
8,000 

50'7; 

Spleen: 

Vascular Lesions: Perimalpighian haemorrhage and 



 

fibrosis; periarterial haemorrhage and fibrosis: 

siderotic nodules. 

Venous Sinuses: Dilated and a moderate increase of 

collagen in their walls. 

Malpighian bodies: Occasional germ centre. 

Pulp Cells: No definite abnormality. 
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CASE XXI. 

Nicholas M. aet 29: Occupation: Miner. 

Admitted to hospital: 10:4:17. 

History: Weakness, vomiting after food, and pain in 

epigastrium; laund.ice. The symptoms began five years 

ago. After three months in bed, all the symptoms dis- 

appeared except jaundice. Six months later, another 

attack similar in time and duration. Twelve months 

later, another attack similar to the others. The day 

before admission he had an attack of vomiting. Pa- 

tient is addicted to alcohol. There is a history of 

haematemesis and melaena. 

On Examination: Liver enlarged 3" below costal mar- 

gin. Spleen much enlarged and notch felt. 

R. B. C. 4,800,000 
W. B. C. 1,600 

Wassermann: Negative. 

27.4.17. 

R. B. C. 4,700,000 
W. B. C. 1,600 

Hb . 95% 
C. I. 1.0 

Height. 5 ft. 2" 
Weight. 9 st. 3* lbs. 

No temperature: pulse slow: B.P. S. 104. 

Treatment: Arsenic: hot baths. 

Discharged after 12 weeks in hospital:. still jaun- 

diced. 

Re- admitted: 5.2.18. With jaundice, pain in right 

hypochondrium, nausea, itching. Jaundice has never 

disappeared but has been renewed with fresh attacks 

which occur at approximately yearly intervals. Last 

attack. 28.1.18. 

On Examination: Well built and well developed adult 
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male. Very slow and dull in answering questions. 

Abdomen: Skin pale yellow; distended, bulging in 

flanks, especially in the left. Many small bluish 

veins in skin, mostly in upper abdomen. Liver enlar- 

ged regularly to about 2" below costal margin. Edge 

defined and regular. No nodules palpable. spleen 

considerably enlarged down and inwards; no notch 

palpable. Percussion confirms enlargement felt on 

palpation. Probably fluid in abdominal cavity. 

Urine: Bile: otherwise normal. 

Blood Count: 

R.B.C. 3,700,000 
W.B.C. 1,600 

b a . 70c0 

C.I. .94 

Operation: 26.2.18. Splenectomy. Spleen very much 

enlarged. Veins very friable and varicose. 

27.2.18. The patient recovered from operation until 

ensuing day when he suddenly collapsed and died. 

Notes from post mortem report. General jaundice. 

haemorrhage from vessels at site of operation. Vari- 

cose dilatation of veins in lesser omentum. Liver 

surface shows slight irregularities. Increase of 

fibrous stroma but no definition of islands of liver 

cells characteristic of atrophic cirrhosis. The liver 

is deeply jaundiced. 

Bone Marrow: there is no apparent replacement of fat 

by blood forming tissue. 

Spleen. 

Vascular Lesions: No perimalpighian changes seen. 

Periarterial haemorrhage: periarterial fibrosis and 

siderotic nodules present. 

Venous Sinuses: Dilated, with increase of connective 

tissue in their walls. 

Malpighian Bodies: No germ centres seen. 

Pulp Cells: No change in appearance. 
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CASE XXII. 

A.F. (Female) aet 26: No occupation. 

Admitted to hospital: 10.6.31. 

History: Since the age of 14, the patient has suffer- 
ed from jaundice. The jaundice has always been mild 
and was associated with splenic enlargement. The 

urine contained urobilin and the condition was at 

first thought to be a haemolytic jaundice. There 

was no excessive fragility of the red cells, however. 

The patient has never menstruated. There has never 

been any haematemesis. Throughout her illness she 

has been subject to periodic nose bleeding. On 

examination the patient looks like an old woman. 

The hair is grey and there is a curious dirty -grey 

sallow appearance of the skin. There is a slight 

growth of hair on the face. These features indi- 

cate complete arrest of development of the usual 

secondary sexual characteristics of the female. 

There is oedema of the feet. Fingers show marked 

clubbing. 

Abdomen: The abdomen is swollen. There is shift- 

ing dulness_ in the flanks and a fluid thrill can 

be elicited. The spleen can be felt extending down- 

wards and forwards to the umbilicus. The liver is 

felt one inch below the costal margin and is hard 

and leathery in consistence. 

Other Systems: Nil to note. 

Blood: 

K.B.C. 3,110,000 
W.B.C. 12,600 

Erb. 46 
C.I. .74 

Platelets 60,000 

Differential White Count shows a relative increase in 
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the number of polymorphs, but otherwise no abnormality 

in the cell types. While in hospital the patient con- 

tinued to have nose bleeding and purpuric spots deve- 

loped over the chest and legs. Capillary resistance 

test induced the appearance of small pin -point hae- 

morrhages in the skin. The vomiting became severe and 

was tinged with blood the day before death. The amount 

of blood, however, was not copious. The patient died 

on 24.6.31. 

Abstract of post mortem notes. Theabdomen contained a 

large amount of straw -coloured fluid. There was no evi- 

dence of peritonitis. The stomach and intestines showed 

no mucosal haemorrhages. There was no evidence of dila- 

tation of veins at the lower end of the oesophagus. The 

liver was small, weighing only 750 grammes. It showed a 

marked coarse cirrhosis, islands of regenerated greenish 

yellow liver tissue up to half an inch in diameter being 

set on a background of dense fibrous tissues. Both lobes 

of the liver were equally affected. The hepatic artery 

showed a little thickening. 

The portal and hepatic veins appeared normal. There 

was no thickening or thrombosis of the splenic vein. 

The spleen was greatly enlarged (820 grammes). There 

were no adhesions round the spleen. On section there was 

no evidence of increase of connective tissue. The organ 

was soft and the pulp was of a homogeneous red colour. 

The splenic artery showed slight atheroma near its ori- 

gin, but the three inches nearest the spleen showed 

marked diffuse dilatation with several local aneurisms. 

Here the vessel showed marked atheroma and there was 

calcification of the wall, The largest aneurism was 

about one inch in diameter and opened by a wide opening 

from one side of the parent artery. The aneurism con- 

tained some ante mortem thrombus. There was a soft 



congested reacting lymph gland about half an inch in 

diameter in the hilum of the liver. The gall- bladder 

was normal. 

There was no atheroma of the thoracic aorta. The heart 

was dilated and showed some fatty change. The bone mar- 

row of the shaft of the femur was of a bright red colour 

and very soft. It showed an obviously extreme erythro- 

blastic reaction,. 

Spleen: Weight 820 grammes. 

Vascular Lesions and. Venous Sinuses: Apart from hyalin- 

isation of the splenic arterioles, no perivascular hae- 

morrhages were seen and the venous sinuses could scarce- 

ly be distinguished. 

Malpighian Bodies: were not especially prominent and 

no germ centres were seen. 

The Pulp: Moderately congested, but not to the extreme 

degree which characterises acholuric jaundice. The 

pulp cells appeared somewhat swollenland rounded ac- 

tive histiocytes were more numerous than usual. 

Liver: Showed definite cirrhosis with marked connective 

tissue increases. 
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CASE XXIII. 

Henry D. aet 54. 

Admitted to hospital: March, 1920. 

History: Patient gave a history of general weakness and 

lassitude which had been present for some years. He 

had been subject to attacks of abdominal joain associa- 

ted with vomiting but had never been jaundiced. He was 

troubled by flatulence, but apart from that had no di- 

gestive trouble. He never vomited blooa and had never 

noticed his stools to be dark in colour. 

On examination: The patient was rather pale. There was 

no jaundice. 

Abdomen: The edge of the liver could be felt a hand's 

breadth below the xiphisternal junction. It was firmer 

in consistence than normal. The spleen could be felt 

reaching to a point midway between the costal margin and 

the umbilicus. There was no tenderness and no enlarge- 

ment of the other organs. 

Blood Count: 

R.B.C. 3,600,000 
W.B.C. 4,800 

Hb . 62% 
C.I. .86 

Differential Count: Showed no abnormality in the pro- 

portions of the various cells, and the red cells showed 

no abnormality apart from slight central pallor. 

Other Systems: Nil to note. 

While in hospital the patient began to have a slight 

temperature and became jaundiced. Tenderness developed 

under the right rib margin. A day or two after the tem- 

perature had risen, the fever was of a remittent type 

reaching 103 -104 in the evenings. Leucot:ytosis de- 

veloped up to 16,000. The jaundice was not very intense 
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and the icteric index was not more than 35. At the end 

of a febrile period of two weeks the patient died. 

Abstract of ost mortem notes: The liver was cirrho- 

tic and the regenerated nodules of liver tissue were de- 

finitely bile-stained. The gall -bladder was full of 

stones and its wall was markedly inflamed. The spleen 

was enlarged red and soft in consistence and was about 

eight inches by five inches in dimensions. There was 

nothing of importance to note in the other organs apart 

from the usual effects of fever. 

Spleen: 

Vascular Lesions: No periarterial haemorrhages visible. 

To evidence of perivascular fibrosis or siderotic nodu- 

les. 

Venous Sinuses: Scarcely visible and not dilated. 

Nalpighian bodies: To germ centres seen. 

Pulp: A slight degree of arterial hyperaemia; numerous 

leucocytes present in the pulp spaces and a large number 

of large rounded active histiocytes present. 

Liver: Old standing cirrhosis present as evidenced by 

the definite connective tissue increase. hecent acute 

hepatitis superadded with leucocyte infiltration of the 

portal spaces and liver lobules. 



C4.11-- )4- 

Albert 

Blood 

C. 

R.B.C. W.B.C. Ab C.I. N. Lym. M. E. B. Date 

2.3.28 5,500,000 6,000 50 .45 55 31 12 1 1 

5.3.28 Splenectomy. 

5.3.28 5 p.m. 19,500 

8 p.m. 21,600 86 13 1 0 0 

6.3.28 30,200 

7.3.28 4,880,000 29,600 52 .53 

9.3.28 26,200 75 19 5 1 0 

11.3.28 15,200 71 23 6 0 0 

13.3.28 5,410,000 62 .54 75 14 7 4 0 

14.3.28 13,800 

18.3.28 5,610,000 10,700 70 .63 

24.4.28 5,100,000 5,800 
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C A S E XXIV. 

Albert C. aet 20. Occupation: Coal Carrier. 

Admitted to hospital: 25.2.28. 

History: Patient was quite well until about one year 

and a half ago. He then became very pale and breathless 

on exertion and. noticed that his stools were black like 

tar. He was in hospital about a year ago and improved 

very much. He has not worked since then, but he felt 

well until about six months ago, when he again became 

breathless and pale. He then noticed that his stools 

were very black in colour and a month later he vomited 

a cupful of dark red blood. He was again admitted to 

hospital on 19.12.27. He was extremely weak on admis- 

sion but since then has improved steadily and is now 

feeling very well and quite strong. 

Patient has never had any discomfort in the abdomen. 

He has had no flatulence or any feeling of fulness or 

weight in the abdomen. He often bleeds from the nose 

but there is no difficulty in stopping the haemorrhage, 

and if he cuts his skin there is no excessive loss of 

blood. 

Previous Health and Family History: Nil to note. 

On Examination: Patient is a little pale but otherwise 

looks healthy. 

Abdomen: A little full, moves equally on both sides 

with respiration. There is no cutaneous hyperaesthesia. 

There is no rigidity or tenderness in any part. The 

spleen ie easily palpable. It is greatly enlarged, 

its right border extending to the midline above the umbi- 

licus. It is firm in consistence and moves freely with 

respiration. There is no evidence of perisplenitis. 

No friction heard on auscultation over the spleen. No 

free fluid in. abdomen. Liver dulness normal in extent. 

Nothing else abnormal felt in the abdomen. No enlarged 



glands felt in the axillae, neck or elsewhere. 

Other Systems: Nil to note. 

Blood findings are shown in the table. 

Operation: 5.3.28. Splenectomy: 

The spleen was very large. No adhesions to diaphragm. 

Liver somewhat firm but showing no definite evidence of 

cirrhosis. No gastric or duodenal ulcer. Some enlarged 

glands along the greater curvature of the stomach. The 

weight of the spleen was 1 lb.,. 9 ozs. 

20.3.28. Discharged. Uninterrupted recovery. 

Progress. 24.4.28. Reported. Feeling very well. Good 

colour, and hay a well nourished appearance. 

March 1931: Reported to a questionaire that he was 

feeling "much improved" and was fit for work. Re had 

had occasional epistaxis and had been slightly jaundiced 

since the operation. 

25.4.53. Reported by request. Feels well - unemployed 

but fit for work. 

R.B.C. 5,150,000 
W.B.C. 6,400 

Ilb . 60 - 70% 

Spleen: Weight 780 grammes. 

Vascular Lesions: Perimalpighian haemorrhage and fibro- 

sis: periarterial haemorrhage: periarterial fibrosis. 

Siderotic nodules. 

Venous Sinuses: Dilated with increase of collagen in 

their walls. 

Malpighian Bodies: Hyaline deposits. No germ centres. 

Pulp Cells: No abnormality in the appearance of the 

cells. 



CASE XXV. 

Thomas N. aet 47. Occupation: Blacksmith. 

Admitted to hospital: 10.8.29. 

History: About May 1929, patient began to feel that he 

was tired and done at the end of his day's work. This 

gradually got worse, and about a month later his rela- 

tives noticed that he was losing colour, looking pale and 

unwell. he tried to continue his work in spite of breath- 

lessness which was most marked on going uphill. There 

was no swelling of the feet at any time. About the be- 

ginning of Jul:, he noticed pain in the left side of the 

abdomen and left hypochondrium. This pain was stabbing 

in character and was made worse by coughing: it still 

troubles him from time to time. 

He has had no indigestion; no vomiting or haematemesis. 

About the middle of June he had some diarrhoea with very 

black tarry stools. He was not taking iron or bismuth 

at this time. He has had no diarrhoea since then, the 

bowels being quite regular. He has a slight cough, but 

this is not severe. He has been troubled by headaches 

for years. 

Previous Health: "Epileptic fits" when a young man. 

Family History: Nil to note. 

On Examination: Patient is rather slow mentally and 

lacks energy. His conjunctiva shows slight anaemia 

and the skin is sallow. 

Abdomen: Moves freely on respiration; there is no hy- 

peraesthesia; on palpation there is definite enlargement 

of the spleen to 3 finger; breadths below the costal marg- 

in. The spleen is tender on pressure. Percussion note 

over it is dull. The liver is felt one inch below the 

costal margin but is not unduly hard. 

Cardiovascular System: Nil to note. 
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Lungs: There is no abnormality except the dull note at 

the extreme base of the left lung due to the enlarged 

spleen. Breath sounds here are diminished. 

Central Nervous System: No abnormality detected. 

Urine: Two abnormal constituents. 

Haemopoietic System: Spleen is enlarged, but there is 

no palpable enlargement of lymph glands. 

Blood Examination: 

R.B.C. 3,300,000 
W.B.C. 3,800 

Hb. 62% 
C.I. 0.9 

Film: Shows marked irregularity in size and shape. No 

nucleated red cells were seen. 

Differential Count: 

Neutrophils : 73.3A 
Lymphocytes: 23.3/ 
Mononuclears: 2.3% 
Eosinophils: 1.0% 

Van den Beth Reaction: Direct and indirect - Negative. 

Wassermann: Doubtful Negative. 

Fragility Test: Haemolysis begins at .3A and 

is incomplete. 

Operation: 13.8.29. Splenectomy. 

A large spleen with a rounded edge, and reddish pale in 

colour was found. Considerable bleeding took place from 

enlarged veins in the lien -renal ligament, but these 
were secured by clamps. The liver was not enlarged, 

but the surface was slightly mottled by fibrous tissue. 

Progress: The day after operation the patient developed 

bronchitis. A steam tent was fitted up. In the evening 

the pulse became rapid, but the colour was quite good. 

There was no sign of internal haemorrhage. 

15.8.29. Patient had severe hiccough in the morning 

at 10 o'clock. By mid -day he had become distended and 

was vomiting. The distension affected the flanks mostly. 



Blind caecostomy performed. 

16.8.29. Vomiting continued unaffected by treatment. 
Enterostomy performed. 

21.8.29. Death. 

Abstract of post mortem notes: Peritonitis. Liver 

slightly enlarged. No obvious excess of fibrous tissue 

naked eye. Section showed areas of degenerative change 

in the parenchyma, with islets of round celled infiltra- 

tion. Bone marrow showed a pronounced leucoblastic re- 

action. 

Spleen: 

Vascular Lesions: Perimalpighian haemorrhage and fibro- 

sis: periarterial haemorrhage and fibrosis: no siderotic 

nodules. 

Venous Sinuses: Dilated with slight increase of colla- 

gen in their walls. 

Malpighian Bodies: No germ centres. 

Pulp Cells: An increased number of elongated fibroblas- 

tic cells. Otherwise no abnormality. 
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CASE DTI. 

Andrew R. aet 10. 

Admitted to hospital: February 1930. 

History: During the summer of 1929, it was noticed that 

the child's abdomen was getting large. he complained 

vaguely of abdominal pains and pains in the limbs. There 

was no vomiting, no jaundice, and no other symptoms. 

Family Historj: No history of any familial complaint. 

Previous Health: Nothing to note apart from scarlet 

fever, measles and whooping cough as a younger child. 

On Examination: The child was well nourished and slight- 

ly pale. There was no fever. Spider telangiectases on 

the wrists and face. 

Abdomen: The spleen was much enlarged and visible 

under the left costal margin beyond which it projected 

for three inches. It felt firm and was fairly smooth 

on the surface. The liver was not felt. There was no 

enlargement of the other glands. The other systems 

were normal. 

Blood Count: R.B.C. 
W.B.C. 

hb. 
C.I. 

4, 362,500 per cm. 
3,800 

50$ 
.58 

Differential White Count: 

Small Lymphs: 6 
Neutros 55$ 
Large Lymphs 30% 
Monocytes 9% 
Platelets 37,804 per cmm. 

No abnormal cells. 

Fragility Test: Haemolysis begins at .39% 

.33% 

Van den Bergh Reaction: Direct negative: 

Positive. 0.6 units. 

Wassermann Reaction: Negative. 

complete at 

indirect 
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Operation: 25.2.30. Spleneetomy. 

There were many adhesions and the veins in the hilum of 

the spleen were greatly enlarged. The liver appeared to 

be slightly scarred and small white patches were seen on 

the surface. In consistence it was harder than normal. 

Following the operation the child had a severe haemate- 

mesis and vomited 2 -3 pints of blood in the night. A 

blood transfusion was given and the patient made a good 

recovery. 

Spleen: 

Vascular Changes: No perimalpighian changes: periar- 

terial haemorr'aages: periarterial fibrosis: siderotic 

nodules all present. 

Venous Sinuses: Dilated with increase of collagen in 

sinus walls. 

Malpighian Bodies: Germ centres prominent. 

Pulp Cells: No abnormality in the appearance of indivi- 

dual cells. 



Isabella McG. 

Blood 

Date R.B.C. J.B.C. Rb C.I. N. Lym. M. E. B. 

29.10.23 

8. 11.23 

18.11.23 

4.12.23 

12.1.24 

2,640,000 

3,505,000 

3,840,000 

Splenectomy: 

4,200,000 

6,400 

4,400 

5,500 

7,400 

30 

25 

30 

60 

.6 

.35 

.4 

.8 

67 27 4 2 0 



C A S E XXVII. 

Isabella McG. aet 41. Occupation: Housewife. 

Admitted to hospital: 3.12.23. 

History: Patient has been "bloodless" since she had 

rheumatic fever at the age of eight. She has been weak- 

ly and breathless on exertion ever since. Otherwise 

her ordinary mode of life has not been interfered with. 

At intervals in the last three years she has had stab- 

bing pain in the upper abdomen. The pain is worst on 

rising in the morning, but disappears after an hour or 

so . During the, last six months the pain has been much 

worse. Menstruation has been very irregular and may 

last only one day. 

On Examination: The skin is pale and slightly tinged 

with yellow. 

Wassermann Reaction: Negative. 

Test Meal: No free HCi: total acidity .8. 

The Heart: Not enlarged. There is a blowing systolic 

murmur at the base. 

Abdomen: The spleen is just palpable extending to the 

costal margin. The liver can be felt and seems to be 

somewhat firmer than normal. It is neither enlarged nor 

diminished in size. 

9.11.23. Benzidene test positive in the faeces. 

Operation: 4.12.23. Splenectomy. 

The spleen was slightly enlarged (270 gm). The liver 

was not enlarged, but had a mottled appearance on the 

surface. The condition of the blood is shown in the 

appended table. 

Spleen: Weight 270 grammes. 

Vascular Lesions; Periarterial haemorrhage and fibrosis 

present. No perimalpighian change and no siderotic 

nodules. 

Venous Sinuses: Dilated with increase of fibrous 
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tissue in their walls. 

I lalpighian Bodies: No germ centres seen. 

Pulp Cells: No change in appearance. 

Progress: March 1930 replied to questionaire that she 

was much improved and complained only of occasional 

indigestion and headache. 



David S. A 

Blood 

Date R.B.C. W.B.C. ríb C.I. N. Lein. M. E. B. 

23.8.25 3,280,000 1,800 40 .63 34 62 2 2 0 
J 

24.8.25 Splenectomy 

6.9.25 4,200,000 6,400 50 37 7 6 0 

15.10.25 4,730,000 10,000 75 .8 



C A S E XXVIII. 

David S. aet 10. 

Admitted to hospital 22.8.25. 

History: A month before admission the patient had an 

attack of vomiting on rising from bed. No abnormal 

symptoms were noted apart from this and he seemed quite 

well until a fortnight later when the vomiting was re- 

peated. The vomit contained no blood. Two years pre- 

viously the child was run down and complained of head- 

aches. 

Family History: Nothing of importance. 

On. Examination: The physical development was good, but 

the child was pale and appeared to be definitely anaemic. 

Abdomen: Showed a slight fulness, and the spleen was 

enlarged one and a half inches beyond the costal margin. 

The liver was also enlarged and its lower edge, which 

was firmer than normal, was felt two finger breadths 

beyond the rib margin. 

Operation: 24.8.25. Splenectomy. 

There were no adhesions. The liver had a somewhat 

mottled appearance. The patient made a good recovery 

from the operation apart from a slight temporary rise of 

temperature in the first twenty four hours. 

1.51122E: 

Vascular. Lesions: Perirnalpighian haemorrhage and fibro- 

sis. Periarterial haemorrhage and periarterial fibrosis. 

No siderotic nodules. 

Venous Sinuses: Miarkedly dilated with increase of col- 

lagen in sinus walls. 

Malpighian Bodies: Germ centres present. 

Pulp Cells: Occasional giant cells seen: otherwise no 

abnormality in individual cells. 



Isabella S. 

Bldtod. 

Date 

Case XXIX 

R.B.C. W.B.C. Bb C.I. N. Lym. M. E. B. 

-.11.23 3,6o0,000 6,000 65 .9 65 27 7 0 1 

-.2.26 3,530,000 6,600 73 1.0 76 18 4 2 0 

8.12.26 2,800,000 7,500 55 .9 

28.12.26 2,900,000 4,000 

29.12.26 Splenectomy and Transfusion 

2. 1.27 3,140,000 

24.1.27 4,040,000 7,160 



31I7 

CAS XXIX. 

Isabella S. aet 49. Occupation: Housewife. 

Admitted to hospital: 16.12.26. 

History: Three years ago the patient knocked her side 

on a counter. Following this she had a pain which was 

worse on respiration and which radiated to the left 

shoulder. She felt a lurrrp under the left rib -margin 

which was later found to be an enlarged spleen. She 

was in hospital at this time and the spleen was enlarg- 

ed as far as the umbilicus. There was no glandular en- 

largement, and the condition of the blood is noted in 

the table. Radium was applied over the splenic area 

and after one month the splenic enlargement disappeared. 

Two years later she again became breathless and the spleen 

enlarged. The symptoms of anaemia, pallor, breathless- 

ness, etc., again appeared. There was still consi- 

derable tenderness over the spleen. The patient was 

also definitely myxoedematous. No improvement of the 

anaemia resulted from the ordinary means of treat- 

ment, and she was ultimately recommended for opera- 

tion. Wassermann reaction negative. 

Operation: 29.12.26. Splenectomy. 

There were a few adhesions to the diaphragm. The 

liver showed a slight degree of fibrosis which, how- 

ever, was not very marked. At the operation p00 c.c. 

of blood were transfused. (Weight of spleen 890 gms.) 

The blood findings are given in the appended table. 

Spleen: Weight 890 grammes. 

Vascular Lesions: Periarterial haemorrhage and fi- 

brosis. No perimalpighian change and no siderotic 

nodules. 

Venous Sinuses: Dilated with increase of collagen 

in their walls. 

"Malpighian Bodies: No germ centres seen. 

Pulp Cells: No abnormality in appearance. 
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CASE .XX . 

Annie 0. aet 44. Occupation: Housewife. 

Admitted to hospital: 26.12.28. 

History: For the past two or tree years the patient 
has been easily tired and has sometimes suffered from 

giddy turns. She has also been troubled by a dull 

aching -pain mostly on the right side of the abdomen. 

Sometimes she has had acute exacerbations of pain 

lasting about a day and felt across the upper abdomen. 

The pain is in no way related to food. Shè ;suffers from 

occasional flatulence and heart -burn. her appetite is 

poor. She has never been jaundiced and has no urinary 

symptoms. 

Three weeks before admission patient vomited bright red 

blood three times in one evening. Some of the blood 

was clotted. Since then the abdominal pain has been 

more severe. It was felt right across the upper abdo- 

men and across the shoulders at the back. Shë_:had mark- 

ed cutaneous hyperaesthesia and could not bear the 

weight of clothes on the abdomen. She has never before 

been troubled by vomiting. The abdomen has been some- 

what fuller of late but there have been no other symp- 

toms. 

Previous Health: She has never been robust. Menstrua- 

tion has been irregular, with scanty loss. 

On Examination: The patient looks well, tongue is 

clean but there is slight pyorrhoea. 

Abdomen: The liver is palpable just below the right 

costal margin. The spleen is felt in the left hypo- 

chondrium. There is slight tenderness above and to 

the left of the umbilicus but not over the spleen. 

There is no free fluid. 

Blood: Details are given in the appended table. 

Operation: 11.2.29. Splenectomy. 
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Spleen very adherent and a great deal of blood was 

lost during its removal. The patient's condition was 

fair for. a few days. On 15.2.29. she suddenly collaps- 

ed with vomiting and a feeble pulse and died. Temper - 

ature was normal. 

Abstract of - ost mortem notes: Death occurred from 

haemorrhage. The peritoneal cavity contained about a 

pint of fluid blood. The liver showed a slight cirr- 

hotic change with slight thickening of the capsule. 

No portal thrombosis. Sections of liver showed cen- 

tral degeneration in the lobules. No change in por- 

tal vein. 

Spleen: 

Vascular Lesions: Perimalpighian haemorrhage and 

fibrosis. Periarterial haemorrhage: periarterial 

fibrosis. Siderotic nodules. 

Venous Sinuses: Dilated with increase of collagen in 

their walls. 

Malpi.ghi.an Bodies : No germ centres seen. 

Pulp Cells: No abnormality in appearance. 



C A S E XXXI. 

Helen C. aet 55. Occupation: Forewoman in rubber 

works. 

Admitted to hospital: 30.1.29. 

History: Four months ago patient began to suffer from 

weakness, lassitude and breathlessness especially on 

exertion. At the saint time she noticed that she was 

becoming 21e. For some time previously she had been 

feeling "run down ", but it was only four months ago that 

she became unable to work. After treatment at home 

for eight weekE she improved and returned to work. 

Two weeks before admission she began to suffer from a 

constant epigastrio pain. Her appetite has remained 

good and she has not lost weight. Her doctor thought 

that there was a slight tinge of jaundice along with 

the pallor. 

Previous Health: Nil to note. 

On Examination: The spleen was enlarged nearly to the 

ubilicus, was firm in consistence and not tender. 

The liver was enlarged to about four inches below the 

costal margin and was soft, smooth, regular and insen- 

sitive. 

Blood: R. Bá 0. 3,120,000 
W. B. C. 1,400 

Eb. 35 
C. I. 0.56 

Differential White Count: 

Neutrophils 69% 
Small Lymphocytes 24% 
Large do 6% 
Eosinophils 1% 

Film: No nucleated red cells: a fair number of mega- 

locytes: no poikilocytosis. 

Fragility: Haemolysis begins in .45/0 saline and is 

complete in .35jß saline (normal). 
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Van den Bergh: Direct reaction: positive delayed. 
Indirect reaction: Positive. 

Icterie index: 12. 

Bleeding Time: 3 minutes (filter paper) 

Coagulation Time: 3 minutes, 45 seconds (capillary 

tubes) . 

Respiratory System: On admission to hospital patient 

was suffering from a mild bronchitis with evening tem- 

perature up to 99.8. Apart from a few medium -pitched 

rhonci, there were no abnormal signs in the chest. 

The sputum was examined and contained pneumococci and 

mixed organisms. No tubercle bacilli were found. 

Cardiovascular System: Nothing abnormal found. 

Other Systems: Nothing abnormal. 

Under treatment in a medical ward the liver and spleen 

both decreased in size especially the liver. At the 

end of February the liver was only one inch below the 

costal margin. The case was regarded as "Banti's 

disease" in the second stage with commencing liver in- 

volvement. Operation was advised. 

Operation: 25.2.29. Splenectomy. 

The spleen was considerably enlarged and free from 

adhesions. The liver appeared to be perfectly healthy 

without the least sign of cirrhosis. The gall bladder 

was free from any disease. 

The patient stood the operation well and made a good 

recovery. 

Spleen: 

Vascular Lesions: Perimalpighian haemorrhage and fi- 

brosis: periarterial haemorrhage: periarterial fibro- 

sis. No siderotic nodules. 

Venous Sinuses: Slightly dilated and very slight in- 

crease of collagen in the walls. 

Malpighian Bodies: No germ centres seen. Hyaline 

deposits, 

Pulp Cells: No abnormality in appearance. 



Nellie L. Case XX.XII 

Blood 

Date R.B.C. W.B.C. Rb C.I. N. Lym. M. E. B. 

12.10.26 2,000,000 1,500 26 .65 

4.11.26 2,400,000 1,000 24 .5 56 38 4 2 0 

anisocytosis. 

16.11.26 Blood transfusion: 580ccs citrated blood. 

17.11.26 Splenectomy. Liver large and paler than 

normal : No ascites. 

25.11.26 3,490,000 6,300 44 .55 66 15 12 0 0 

7.12.26 4,080,000 6,500 50 .62 41 27 22 0 0 

7.1.27 3,800,000 9,000 58 .76 34 34 26 0 0 
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C A S E XXXII. 

Nellie L. aet 44. Occupation: Housewife. 

Admitted to hospital: 2.11.26. 

History: For the past eighteen months the patient com- 

plained of shortness of breath on exertion and swelling 

and numbness of the hands and feet. During the past 

six months she has had noises in the head and epistaxis 

is said to occur and to bring about relief of the head- 

aches. She has never been jaundiced. She states 

that two years ago she coughed up blood every morning 

for three months but she has never vomited blood. She 

has a scalding pain on micturition. During the last 

two years she has lost about two stones in weight. 

Previous Health: Nil to note. 

On Examination: The patient looks pale and anaemic. 

There is no jaundice. Slight oedema of the legs and 

over the dorsum of the feet was noticed. There is 

patchy pigmentation over the shin. The patient ran a 

slight temperature (B. Coli Bacilluria). 

Abdomen: There is patchy pigmentation over the skin. 

The spleen reaches half way to the umbilicus. There 

is no ascites and the liver is not felt. 

Cardiovascular System: There is a systolic murmur 

heard all over the precordium. 

!Tan den Bergh: Negative. 

Urinarg System: Trace of albumen and B. Coli Bacil- 

luria. 

Respiratory Syste2: Nil to note. 

Central Nervous System: Nil to note. 

The Blood Counts and the treatment are indicated in 

the table. 

Spleen: 

Vascular Lesions: Perimalpz.ghian haemorrhage and fi- 

brosis: periarterial haemorrhage: periartorial fibrosis 
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siderotic nodules. 

Venous Sinuses: Dilated: no definite increase of col- 

lagen in their walls. 

Malpig;hian Bodies: No germ centres seen. 

Pu1_Çells : No abnormality of individual cells. 
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C A S E XXXIII. 

Mrs. D. aet 51. Occupation: Housewife. 

Admitted to hospital: 16.1.33. 

History: The patient states that she has noticed a 

swelling in the left side for many years. Soon after 

she noticed the swelling she began to have dragging 

pain which radiated to the umbilicus. Four months 

ago she had a severe attack of pain which was followed . 

by vomiting. This attack only lasted a few hours. 

She has felt easily tired and gets short of breath on 

exertion. Thera is no history of melaena or haemate- 

mesis. 

On Examination: Patient is somewhat pale and there is 

no jaundice. The teeth were all removed five years 

ago for pyorrhoea. 

Abdomen: The spleen is enlarged as far as the midline 

and on respiration it reaches to the umbilicus. The 

liver is just palpable. There is no tenderness or en- 

largement of the other. organs. 

Blood Examination: 

R. B. C. 3,700,000 
61260 

50A 
20;!. 

27A 
2 ryjo 

/ 

1yo 

W. B. C. 

Differential Count: Neutrophils 
Large Lymphocytes 
Small do 
Eosinophils 
Basophils 

Operation : Splenectoi r. 

The liver was not specially examined. The left lobe 

of the liver was densely adherent to the spleen. The 

veins in the hilum of the spleen were greatly enlarged. 

Weight of spleen 650 grammes. 

Spleen: Weight 650 grammes. 

Vascular Lesions: Perimalpighian haemorrhage and fibrosis. 
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periarterial haemorrhage : periarterial fibrosis: sider- 

otic nodules. 

Venous Sinuses: Dilated with increase of collagen in 

sinus walls. 

L`ialpighian Bodies : No germ centres. 

Pules Cells: Nil to note. 

Liver: Small portion adherent to spleen shows a regenera- 

ting nodule of liver tissue with degeneration of liver 

cells and focal round cell aëcu ulations. 



James P. Case X:IV 

Blood. 

Bleeding Time 8 minutes. 

Coagulation time: 2 minutes (Capillary tubes). 

Fragility test No increase in fragility. 

Date R.B.C. W.B.C. Hb C.I. N. Lym. M. E. B. 

2.6.31 3,140,000 2,400 57 .9 

8.6.31 2,480,000 3,800 58 .8 64 29 4 3 0 

Platelets. 97,800 Reticulocytes 2 -3ö 

Arn_eth count: Slight shift to right. 

16.6.31 Splenectomy. 

27.6.31 4,530,000 16,300 70 .7 67 26 7 0 0 

Platelets. 130,000 Reticulocytes. under 1$ 



C A. S E XXXIV. 

James P. aet 17. 

Admitted to hospital: 25.5.31. 

Hivtor : Patient was treated in another hospital for an 

enlarged spleen, for eight weeks, and was only discharged 

five weeks ago. He has had frequent epistaxis for six 

months. His nose bled about once a week. He was cute 
well otherwise. Re had no melaena. No haen.atemesis. 

Appetite quite good. Bowels regular. He bas always been 

pale. 

Family History: Nil to note. 

On Examination: Patient is definitely pale. 

Abdomen: Feeling of fullness in the left hypochondrium. 

The spleen is found to extend downwards and forwards to the 

level of the umbilicus and within half an inch of the mid - 

line. The liver is one inch below the costal margin. 

There is no superficial or deep hyperaesthesia. No 

rigidity or tenderness. No evidence of free fluid. 

Cardiovascular System: Nil to note. 

ti-.espiratory System: Breath sounds diminished over left 

upper lobe together with diminished vocal fremitus and 

resonance. He has a cough. 

Blood Findings: indicated in the annexed table. 

Operation: 16.6.31. S_plenectomy. 

No free fluid. Liver of normal size, slight fibrosis 

of capsule but not cirrhotic. Spleen very large, red in 

colour, capsule not thickened. No adhesions. Numerous 

large veins, in abdominal wall. The splenic vein was 

very large. There was practically no bleeding and trans- 

fusion was considered unnecessary. There was no thrombo- 

sis of the splenic vein. O eight of spleen 1280 gms .) . 
7.7.31. Discharged. A good deal of pain at first and 

fairly high temperature. Fine crepitations at right 
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base. Temperature had settled on discharge and recovery 
was satisfactory. 

Spleen: Weight 1280 grammes. 

Vascular Lesions: Perimalpighian haemorrhage and fibrosis: 

periarterial haemorrhage and fibrosis. No siderotic 

nodules. 

Venous Sinuses: Dilated. Very slight increase of collagen 
in the sinus walls. 

Malpighian Bodies: Occasional germ centre seen. 

Pulp Cells: No abnormality noted. 

Progress: 21.4.33. Reported by request: very well. 

R.P.C. 5,200,000 

W.B.C. 8, 200 
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CASE XXXV. 

Gerald. G. aet 19. Occupation: Van Driver. 

Admitted to hospital: 10.8.29. 

History: Patient was always delicate and very liable to 

get any illnesses that were going - measles, mumps, etc. 

He was, however, able to lead a fairly ordinary life, 

played games at school. and later was able to carry on 

his work until three months ago. During the last three 

years he was unable to take part with the boys of his 

own age as he was unable to keep up with them. He has 

noticed breathlessness on going uphill in the last three 

years, and he always gets tired quickly. He is not 

troubled by headaches. He notices palpitation on exer- 

tion. 

Three months ago he noticed pains in the abdomen. 

These were present while walking about, but disappeared 

when resting in bed. He feels that there is something 

dragglEL in his left side. He has had occasional vomit- 

ing, usually brought on by foods which have disagreed 

with him. There has been no haematemesis. Bowels are 

constipated. Motions have never been black. No cough 

or pain in the chest. He is troubled occasionally by 

painful cramps in the legs. 

Family History: Father and mother both dead: cause tin - 

known. 

On Examination: Patient is very pale and anaemic. He 

is undersized for his age. There is no growth of hair 

on the face; pubic hair has the feminine distribution. 

Abdomen: Moved freely on respiration. There is no 

tenderness. Spleen is enlarged to 3 finger breadths 

below the costal margin: it is not tender. Liver is not 

enlarged. There is no free fluid. 

Cardiovascular System: Pulse: soft and regular. 



Heart: is enlarged, dilated and hypertrophied. Apex 
beat is in external to the nipple line in the 5th 
space. Impulse is heavy. There is dullness to the right 
of the sternum for It. Systolic murmur conducted into 
the axilla, and a loud systolic murmur at the base. 
Other Systems: Nil to note. 

Van den Bergh: Direct negative: indirect faintly posi- 
tive. 

Icterus Index: 5. 

Fragility Test: Eaemolysis begins at .6% and is complete 

at .5ió 

Operation: 13.8.29. Splenectomy. (Weight of spleen 

880 gms.). A large spleen with rounded edge and red- 
dish- purple in colour was found. The liver appeared 

macroscopically normal. 

29.8.29. Patient made an uninterrupted recovery. 
Wound healed. Discharged. 

Spleen: Weight 880 grammes. 

Vascular Lesions: Perimalpighian haemorrhage and fibro- 

sis: periarterial haemorrhage: periarterial fibrosis. 

No siderotic nodules. 

Venous Sinuses: Markedly dilated. Slight increase of 

collagen in sinus walls. 

IVlalpighian Bodies : Germ centres marked. 

Pulp Cells: No abnormality in appearance of cells. 

Progress: Replied to a questionaire (March 1930) 

that shortly after operation he had had haematemesis and 

nose-bleeding, and felt only slightly improved otherwise. 

April 1933. Written to but letter returned through dead 

letter office. Last heard of in November 1931 when he 

was in good health but moving about in search of work. 

No breathlessness or bloodlessness, and had put on about 

2 st. in weight. Had been playing football and cricket. 



Ethel B. 

Blood 

Date 

Case YVI 

R.B.C. W.B.C. Hb C.I. N. .Lym. M. E. B. 

28.6.32 2,300,000 3,500 30 .65 63 28 7 1 0 

Platelets 250,000 

16.7.32 2,520,000 3,500 42 .84 66 28 4 1 1 

16.7.32 Splenectomy: Blood transfusion. 700ccs. 

5.8.32 4,880,000 8,800 64 .66 77 18 4 0 1 
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C A S E XXXVI. . 

Ethel B. aet 22. Occupation: Housewife. 

Admitted to hospital: 28.6.32. 

History: The patient had three attacks of haematemesis 

during the three weeks prior to admission. All the at- 

tacks occurred within twenty four hours and there has 

been no recurrence since then. There was also maelena 

at the time but there has been none since then. The 

patient tends to bleed freely during her periods which 

last seven days, and she also bleeds freely from wounds. 

On Examination.. The patient is pale and there is no 

jaundice. 

Abdomen: The spleen is enlarged to the umbilicus. 

The liver cannot be felt and there is no free fluid. 

Urine: Contains no urobilin or urobilinogen. 

Cardiovascular System: There is a mitral systolic mur- 

mur, otherwise nil to note. 

Test Meal: Shows a normal curve. 

Van den Bergh: Indirect positive, 0.7 units. 

X -Ray: Shows no abnormality in the stomach or duodenum. 

Blood Counts: shown in annexed table. 

Operation: 16.7.32. Splenectomy. The spleen was large 

and pale. No adhesions. The liver appeared normal, 

there being no abnormality in its size or consistency. 

The splenic vein appeared quite normal. 700 c.c.'s 

blood transfused. 

The patient made an uninterrupted recovery. 

Spleen: 

Vascular Lesions: Perimalpighian haemorrhage and fibro- 

sis: periarterial haemorrhage: periarterial fibrosis. 

Siderotic nodules. 

Venous Sinuses: Dilated. No special increase of colla- 

gen. 

Malpighian Bodies: Germ centres present. 

22,1.2 _2211s: No abnormality in appearance of individual 

Cells. 



Nancy M. Case MXVII 

Blood. 

Date R.B.C. W.B.C. C.I. N. Lym. M. E. B. 

31.5.29 1,650,000 12,400 21 .63 82 12 6 0 0 

Blood transfusion 700ccs. 

3.6.29 haematemesis. Temp. 100.4. Spleen smaller. 

8.6.29 Transfusion of blood.470ccs. 

11.6.29 1,900,000 3,500 30 .78 68 28 2 0 2 

15.6.29 Splenectomy. 370ccs Blood. transfused. Adhesions 

round the spleen, No thrombosis. No ascites. 

Liver apparently normal. 

22.6.29 2,600,000 2,200 79 14 5 0 2 

Normoblasts.. 555/c mm. 

8.7.29 3,300,000 9,500 50 .75 75 18 6 0 1 

2.8.29 4,200,000 7,700 44 .5 55 31 13 0 1 

1930 Readmitted with recurrent haematemesis. 

1.8.31 Again admitted to hospital with recurrent haem- 

atemesis. 

4.8.31 2,630,000 22,000 45 .8 72 22 4 2 0 

2.9.31 3,880,000 10,000 64 .9 41 54 3 1 0 
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C A S E XXXVII. 

Nancy M. aet 12. 

Admitted to hospital: 31.5.29. 

History: Patient was a normal healthy child until six 

weeks before admission when she had a feeling of sick- 
ness followed by the vomiting of blood. This was re- 

peated a week or two later, and two weeks ago her doc- 
tor thought she had developed ascites. Two days ago 

haematemesis occurred and has recurred every few hours 

since then. Her digestion is generally zood. She has 

no sickness ana no colic. Flatulence is Occasionally 
troublesome. Her bowels are regular and there has been 
nothing to note except malaena along with the haemate- 
mesis. 

Four years ago the patient had a haematemesis sinilar 
to the present one. She was vomiting blood for a 
week. She has always been pale. 

Family History: One sister was stillborn and one died 
aged five weeks. Eldest brother suffered from "fits". 

Wassermann Reaction: On patient and father: both nega- 
tive. 

On Examination: The child is pale with a slight yellow- 

ish tinge in the skin. 

Abdomen: The spleen has enlarged to a point midway be- 

tween the costal margin and the umbilicus. The liver 

is just palpable below the costal margin. There are no 

signs of free fluid and there is no tenderness or en- 

largement of the other organs. 

Cardiovascular System: A systolic murmur is heard at the 

apex. Otherwise nil to note. 

Other Systems: Nil to note. 

Blood findings: Indicated in the annexed table. 

Operation: 15.6.29. Splenectomy. 
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There were some adhesions round the spleen. Neither 

thrombosis nor ascites were present. The liver was ap- 

parently normal. 

Spleen: 

Vascular Lesions: Periarterial haemorrhage: periarterial 
fibrosis: perimalpighian haemorrhage and fibrosis. No 

siderotic nodules. 

Venous Sinuses: Dilated: slight increase of collagen in 

the sinus walls. 

Malpighian Bodies: Germ centres seen. 

Pulp Cells: No abnormality in appearance. 



Ian M. Case LOE\TIII 

Blood. 

Date R.B.C. W.B.C. Hb C.I. N. Lym. M. E. B. 

3.7.25 3,000,000 3,200 30 .5 64 31 1 4 0 

Film. Some anisocytosis and poikilocytosis. 

Most.,red cells show central pallor. 

10.7.25 Splenectomy and transfusion. 

22.7.25 4,000,000 6,100 
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C A S E XXXVIII. 

Ian M. aet 11. 

.Admitted to hospital: 30.6.25. 

History: It to a year before admission, patient was 

perfectly healthy and well developed. In August 192.4, 

patient suddenly vomited three pints of dark brown al- 

tered blood. This left him weak and anaemic, but after 

six weeks he had recovered. The haematemesis was not 

preceded by any pain but for an hour before he vomited 

he had a feeling of discomfort in the epigastriurn with 

some nausea, Lefore this haemorrhage he had suffered 

from intermittent attacks of diarrhoea for several 

months, These attacks lasted several weeks at a time 

and in the intervals, bowels were quite normal. Sim 

weeks before admission he had another gastric haemorr- 

hage similar to the first. This left him very ..weak. 

rbr several months he has had occasional transient at- 

tacks of jaundice lasting a day or two but never very 

deep. His appetite is usually good and he has no other 

complaint. 

Previous Health: Patient has never been very healthy. 

Whooping cough when aged one year has been the only 

definite illness, however. 

Family History: Nil to note. 

On Examination: The patient is well developed. Skin 

has a somewhat yellowish colour not sufficiently marked 

to be definite jaundice. Conjunctiva is pale and gener- 

al appearance is that of well marked anaemia. 

Abdomen: The spleen. is enlarged to within an inch of the 

umbilicus. It is not tender. Liver is not enlarged. 

Heart: Normal in size. A systolic pulmonary murmur was 

heard. The urine contains no bile constituents. Other 

systems normal. 
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Operation: 10.7.25. Splerectomy. 

Transfusion was given at the operation: there were no 

adhesions. For a few days after the operation the pa- 

tient ran a slight temperature, but made a good recovery 

and was discharged 31.7.25. 

Blood condition is indicated in the annexed table. 

Spleen: 

Vascular Lesions: Periarterial haemorrhage: periarteriai 

fibrosis: perimalpighian haemorrhage and fibrosis. Si- 

derotic nodules. 

Venous Sinuses: Dilated, with increase of collagen in 

their walls. 

Malpighian Bodies: Germ centres present. 

Pulp Cells: Yo abnormality in appearance. 

Progress: March 1930. Replied to a questionaire that 

he was very well and had had no symptoms suggestive of 

hepatitis. 
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CASE SIX. 

Winifred M. aet 33. Occupation: Housewife. 

Admitted to hospital: 25.5.27. 

History: Patient was in her usual health until the be- 

ginning of 1927. She then began_ to feel tired and worn 

out and unable to do her usual amount of work. She com- 

plained of breathlessness on exertion and palpitation 

and states that she has always been pale. She is trou- 

bled with flatulence, but has no pain. Appetite has been 

good and bowels are regular. She has not been jaundiced, 

at any time. .Menstruation ceased two months before ad- 

mission. There is no history of haematemesis, or bleed- 

ing from the alimentary tract. 

Previous Health: Apart from the pallor already mention- 

ed she has been very healthy. 

On Examination: The patient was pale and sallow with 

pallor of the lips and conjunctivae. 

Abdomen: Slightly pigmented. Muscular tone was good. 

There was no pain or rigidity. The liver was not pal- 

pable but seemed slightly enlarged on percussion. The 

spleen was just palpable at the height of inspiration. 

The kidneys were not tender or palpable. No other ab- 

normalit* could be detected. 

Circulatory System: A faint systolic murmur (pulmonary) 

was heard. Nil else to note. 

Other Systems: Nothing abnormal found. 

Blood: R.B.C. 4,450,000 
d.B.C. 3,800 

Hb. 6sj; 
C.I. .76 

Operation: 27.5.27. Splenectomy. 

No adhesions were found. Patient had a slight tempera- 

ture after the operation but otherwise made a good re- 

covery. 
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Spleen: 

Vascular Lesions: Perimalpighian haemorrhage and fibro- 

sis: peri arterial haemorrhage and fibrosis: No sidero- 

tic nodules. 

Venous Sinuses: Dilated with slight increase of collagen 

in their walls. 

Malpighian Bodies: No germ centres seen. 

Progress: March 1920. Replied to questionaire that 

she suffered from breathlessness on exertion and was 

only fit for light work. She has occasional epistaxis. 

Operation has not restored her to normal health. 



Robert W. Case XL. 

Blood 

Date R.B.C. W.B.C. lib C.I. N. Lym. M. E. B. 

25.2.26 4,610,000 4,200 60 .66 64 36 o o o 

1.3.26 Splenectomy. Omentmtn adherent with large veins 

coursing into the splenic capsule. Splenic veins 

very hard. Liver not inspected. Wt of spleen : 

1500 grammes. Good recovery except that temperature 

rose to 103 on two occasions after oparation. ?sepsis. 

15.6.2 i 4,350,000 10,000 76 .9 



36,1 

CASE XL. 

Robert W. aet 19. 

Admitted to hospital: 25.2.26. 

History: Patient was quite well until a month before 

his admission to the hospital. He was then seized with 

pails in the back and loins,. with shivering which lasted 

an hour and a half. He had four similar attacks at two 

day intervals. A swelling was found in the abdomen, and 
he was sent to hospital. Patient has not felt ill ex- 

cept during the shivering fits. He has never been abroad 

and has never had any malarial complaint. 

Previous Health: Patient was always a weakly child. 

When aged 11 he had catarrh of stomach and bowels asso- 

ciated with a rash on the abdomen and legs ? Typhoid. 

22,21.1L Hyigtory : Nil to note. 

On Examination: Patient is of medium development, men- 

tally alert and rather pale and sallow. No glandular 

enlargement was found. The spleen was enlarged as far 

as the midline and below the umbilicus. 

Blood findings and treatment are shown in the table. 

Wassermann Reaction: Negative. 

Opteration: 1.3.26. Splenecto. 
Omenturn adherent with large veins coursing into the 

splenic capsule. Splenic veins very hard. Liver not 

inspected. -eight of spleen 1500 grammes. Good recovery 

except that temperature rose to 103, two occasions 

after operation. (Sepsis) 

Progress: TvIarch 1930. Reported that he was well apart 

from slight flatulent indigestion. 

20.6.30. R.B.C. 5,080,000 
W.B.C. 5,000 

Rb. 70% 
G.I. . 
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S2leen: 

Vascular Lesions: Perimalpighian haemorrhage and fibro- 

sis: periarterial haemorrhage: periarterial fibrosis. 

No siderotic nodules. 

Venous Sinuses: Dilated, with increase of collagen in 
their walls. 

Ivialpighian Bodies: Occasional germ centre seen. 

Pulp Cells: No special abnormality in appearance. 



Helen G. Case XLI. 

Blood 

Date R.B.C. W.B.C. Bb 0.1. IT Lym M. E. B. 

16.5.31 3,060,000 4,800 45 .75 54 43 2 0 1 

No nucleated red cells. rteticulocytes under 1jó 

12.6.31 3,820,000 4,200 42 .o 64 22 12 0 2 

Line th count: Slight shift 

19.6.31 Splenectomy. 

25.6.31 4,070,000 9,800 56 

Platelets 210,000 No 

3.7.31 3,880,000 7 , 600 50 

Platelets 120,000 

to the left. 

.6 64 28 8 0 0 

reticulocytes seen. 

.6 61 21 18 0 0 
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CASE XLI. 

Helen G. aet 60. Occupation: Housewife. 

Admitted to hospital: 6.5.31. 

History: For ten years the patient has suffered from 

headaches which she ascribes to a minor injury. Three 

weeks before admission to hospital, patient felt very 

run down and was suffering from very severe headaches 

from which she could get no: relief . She found it diffi- 

cult to do her work and had to rest very often. She 

became very breathless on the least extra exertion. 

She was never z;aundiced. Patient has had one or two 

attacks of e--aistaxis during the past year or so,,the 

Iasi; occurring just prior to admission to hospital on 

6.5.31. She lost a good deal of blood but cannot give 

any idea of the amount. She bruises very easily but has 

never noticed ary haemorrhagic spots. 

Patient has had no indigestion. Her appetite is good 

and her bowels are regular. She has never noticed any 

undue paleness or undue darkness in the colour of her 

motions. She has had no urinary trouble, her urine being 

clear and light in colour. No loss of weight. 

Previous Health and Family History: Nil to note. 

On Examination: Patient looks fairly well. Pale com- 

plexion with a slight yellow tinge. 

Abdomen: No hyperaesthesia. Ido rigidity and no tender- 

ness. On palpation there is a swelling which is fairly 

superficial, extending downwards and medially towards the 

umbilicus from the left hypochondrium. It is firm in 

consistence and the edge is easily palpable. It moves 

freely on respiration. It is notched on its medial bor- 

der and extend: down to about 12" above the umbilicus and 

about a half to three quarters of an inch from the mid - 

line. There is a definite dull note on percussion. The 

liver is not enlarged. No other abnormal tumour palpable 
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Cardiovascular System: Soft blowing systolic murmur 

best heard in mitral area. 

Blood Pressure: 118/65. 

There is no enlargement of lymph glands. 

Blood findings: indicated in the annexed table. 

Other stems: Nil to note. 

Wassermann Reaction: Negative. 

Fragility Test: Eaemolysis begins at .45°ló, complete at 

.35cß normal. 

Bleeding Time: 6 minutes. 

Coagulation Time: 2 minutes. 

Operation: 19.6.31. Splenectomy. 

The spleen was enlarged and had the appearance of having 

been dipped in brine. The upper pole was firmly adherent 

to the diaphragm and the liver. The artery was greatly 

thickened and brittle, due to atheromatous changes main- 

ly at the splenic end. The splenic vein was then ligated 

and divided and the spleen removed. Patient's pulse was 

rather poor at the end of the operation. 

7 p.m. Pulse had improved slightly. A blood transfu- 

sion was given (16 ounces of citrated blood). Condition 

improved perceptibly after this. 

11 p.m. Pulse somewhat weak again. Patient good colour. 

No obvious signs of internal haemorrhage. Fairly comfor- 

table. 

Patient made a good recovery from the operation. 

Spleen 

Vascular Lesions: Periarterial haemorrhage and fibrosis: 

No perimalpighian changes and no siderotic nodules. 

Venous Sinuses: Dilated: no increase of collagen in their 

walls. 

lüalpighian Bodies: No germ centres seen. 

Pulp Cells: No special abnormality. 

Progress: 22.3.33. Reported. No obvious anaemia. 

Weight increased. Able for her work. 

R.B.C. 3,680,000 
Hb . 72S 



Case XLIa 

George S. aet 51. Occupation: Fruiterer. 

Admitted to hospital: 13.3.33. 

History: For the past eight months the patient 

has complained of general weakness and lassitude. 

The indisposition was first noticed after he had 

been kept in bed for a short time on account of 

a varicose ulcer.. Three months before his admis- 

sion he had some nose -bleeding. About this time 

his doctor found a lump in the left side of his 

abdomen. The patient himself has bad no pain or 

discomfort whatsoever in the abdomen. During the 

past year he has lost about three stones in weight. 

Previous health: Rheumatoid arthritis for 15 

years, for which most of his teeth have been 

removed. 

Syphilis acquired when aet 16, for which he has 

had Arsenical treatment up to the last year. 

Patient has lived abroal., but there is no history 

of malaria, typhoid or other tropical illnesses. 

On Examination: Patient is rather pale. Extensive 

rheumatoid arthritis gives him some discomfort. 

Abdomen: The spleen is felt extending over the 

midline and down beyond the umbilicus. The liver 

edge is felt 2 inches beyond the right costal 

margin, and it ha a" Bathe ]2y consistence. There 

is no free fluid. Enlarged veins are seen in the abd. wall. 

Haematopoietic System A-few enlarged glands can 

be felt in the groins. 

Van den Bergh: Direct negative, Indirect, 0.5 units 
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Wassermann: Positive. 

3, 410,000. 

880 

56 

.82 

Neutrophils 

Lymphocytes 

Monocytes 

Eosinophils 

5 

81 

13 

1 

Blood 14.3.33. 

R.B.C. 

W.B.C. 

Eb 

C.1. 

Red cells show anisocytosis. 

Platelets: 153,000. 

Cardiovascular System A blowing systolic murmur 

is heard over the precordium. No dither abnorm- 

ality detected. 

Respiratorand Nervous s1stems : Nil to note 

29.3.33 Splenectors . There were no adhesions: 

The spleen weighed 2,700 grammes. The liver was 

finely cirrhotic, and the surface appeared red 

qnd inflamed. 

The patient recovered from the operation, and, the 

white cells do discharge had risen to 6,000 per c mm. 

Early in Inlay, 1933, however the patient died at home. 

Weight of spleen: 2,700 grammes. 
Spleen: Vascular Lesions 

Periarterial haemorrhages, with some iron 

deposits among the blood. reriarterial fibrosis. 

Venous sinuses: Dilated and filled with active histio 

cytes. 

Pulp Enormous proliferation of the pulp cells, 

giving a great increase of thickness of the inter - 

sinuous tissue. 

It+ia.lpi hian bodies : Germ -centres frequently seen. 

Spleniculi at the hilun of the spleen are greatly 

enlarged. Histologically there is great proliferation 

of histiocytes into the sinuses. 


