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PREFACE

Comme la chirurgre des membres celles des viscéres dout dtre
régee par | anatome de la région sur laquelle on opére et ausss
par la connarssance des lsions conire lesquelles on sntervient

La chirsrgie tiscerale dort tendre & étre une chirurgre réglée
comme § es8 depurs longtemps la eharurgie des membres 1l est
done nécessarre de préciser au pomnt d vue chirurgical tout ce
qut touche & I onatome des régions sur lesquelles on opére

HARTMANY 1901

A case of sichness 1 our own immedinte surroundings con-
fronted us with the fact that n certain cases of pathological
affections many surgeons are deterred by the very great risks
involved from resecting parts of the iver cven though they feel
this to be necessary

The operttion techmques followed have certanly helped
1o cause an ambnalent attitude m the surgeon The methods
ntroduced round about 1880 by Von Bergmann, Langebuch
Von Eiselberg Keen and others are difficult and at the same
time so primutive that serious comphications threaten the patient
both durmg and after the operation

For this reason, almost every successful partial hver resec
tion was indeed still 1s, made public, from which it 1s obvious
how hazardous the surgeons themselves considered this inter
vention and how relieved they were that therr action was not
followed by death (Bax and Schalm 1954)

Unaware at first of a recent analogous research by Cournaud
we attempted to avoid the defects of the old method by taking
new paths From the beginning we kept two criteria in mund
mn the first place the method to be developed must be anato
mucally yustified which could by no means be said of the old
method andinthesecond place it must be ssmple  no method
can be introduced 1nto general surgical practice unless 1t can
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be executed 1n most simple mens which every operator has
at hand * (Garre, 1907)

In order to meet the first eritenon, e wmvestigated the
tomy of the yanous mtrahepatie structures The £1ps mn the
knowledge of the course and mterrelntionstup of the varous
mtriheptic structures, which we noticed 1 consulting the
anatomy text-books, have long been recogmzed, though per
haps from another viewpoint than ours As an slustration of
this may serie the observation by Mann, m 1942, that the
history of the blood airculation in the Inver hes buried beneath
sts own hterature Thus, for example, m 18¢8 Canthe m 1
short commumication entitied “On 1 new arrangement of the
right "nd left lobes of the Iner |, shoved that “the present
anatomucal division {(of the Iner) mto night nd left lobes 1

ific and conscquently untrue and untennble , winlst
one still finds the Iver described 1n current anatomy books 1s
bemg built up of two lobes

In the Irst years, however, a gathering mterest an the na-
tomucl structure of the lner has become apparent. A pumber
of studies have appeared which desl with the structure of the
lobules (Ehas, 1953, Rappaport ¢f al , 1954) n& well as of the
farther Anatomscal structures distiaguishable m the lver
(Hjortsjo, 1948 Elus et al, 1952, Healey et al, 1953, Cown
aud, 1952 nd later) In the work of Countud the segmental
construction 1s given great promimence We shall also devote
a large part of our study to this problem, also 1 connection
with the surgery of the Iner

Of smportance 1n surgery 2re some long, forgotten pubhica
tions by Wendel and Mnrtens {xgaw), 1 which 7t description
1s grven of 1n attempt to approach hepatie surgery m amnner
that 1s anatomeeally gustified They not only set the higation
at the Iner nfum of the structures of that part of the Iner ta
be resected as the cructnd pomt of thesr method, hut they
ko pownted out the rmportance of 2 certin anatomuetd pline
i the Iner alopg wlich the resecnon should be mde




PREFACE X

Another explination of the tendency to solsc the problems
with the help of wnatomy 1s found i the spectrcular way in
which lung surgery has profited from the study of the anatomy
of the mtripulmenary structures Thanks to the application
of plastics to the already old njection corrosion technique
not only has the anatomical mvestigation of the varous struc
tures, 1nd espeenlly of their spatral relationship, become much
simpler, but 1t has also produced completely new views, so
much so indeed that we fecl, 1s 1 result of our research, that
a deepened hnowledge of the anatomy of the hver not only
helps to solve the problems of hepatic surgery, but also fur-
nishes 1 possible basis for entirely new operative possibilies

Nymegen May, 1955 Henry Gans, M D
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INTRODUCTION

Hepatic surgery 1s not new There are hteraily hundreds of
dmadual case reports and reports of small groups of opera
tions upon the liver for various ncoplasms and cysts, both
bemgn and malignant Also 1n recent years attention has been
focused upon the development of portal shunting procedures,
envisaging the relief of ascites m the presence of crrhosts
Moreover aneurysms of hepatoportal vessels seem to be re
ceving more attention both as to chimical dragnosis and opera
tive obliteration

Rauonal surgical procedures presuppose 2 detailed knowl
edge on the part of the surgeon of the anatomy of the organ
and tissues in question The rather complex anatomy of the
liver has been described 1n the past and the field again studied
recently The facts as brought out by these older and more
recent studies are certainly not apprectated by the majonity of
abdommal surgeons These points as well as many others are
discussed at length by Dr Gans in this book Hemorrhage,
which 15 the principal immediate complication 1n excisional
hepatic surgery, will be rendered less Likely when surgeons
plan therr operations, taking into consideration the anatomical
ponciples so well described and emphasized here

In the general expanston of surgery interest in operations
upon the hver 13 bemng revived judging from the recent hitera
ture Unlike the past when no one surgeon had appreciable
personal expenence 1 operations upon the lhiver, 1t may be
predicted that such expentence will increase

Dr Gans treatise 15 thus very timely He emphasizes the
broad aspects of fund | knowledge especially y




AL INTROBUCTION

that surgeons should appreciate 1n this type of work This
volume should be read and digested by those anticipating
operations upon the hiner In addition, 1t should sumulate
surgeons to think more about the liver as 1n organ that cn
be safely operated upon when the indications exist and not, as
’n the past, a field that would seem beyond surgical attack, or
of attached, a field highly fraught with danger

ALEXANDER Brunscuwic, M D
New York City, NY, August 15, 1955



Chapter I

ON IHF SUBDIVISION OF THF T'IVIR

The subdivision of the Iver both m 1ts external aspect 1nd
on the basis of the internal arrangement of the intriorganic
hollow structures has been the subject of profound study all
down the ages

In this first chapter we shall follow the gradual unfolding
of knowledge 1n the past on the external division and shall
then proceed to discuss the mnternal divston of the orgin s
described formerly and now Finally we shall see how this
«xterntl subdnaded pattern s related to the internal onc

A THE EXTERNAL SUBDIVISION OF THE LIVER

The study of the inatomy of the hver 1s as old as culture tself
It appears from Stiedas (1goo} cxcellent paper on some
ancient illustrations of human livers found by archaeologists
that one of these objects a small cliy model of a sheep s liver
dates from the Babvlonian era its age has been estimated at
approxtmately 4-5000 years (fig 1)

The pnests of those days were gmded dunng rehigious
ceremomes and when consulted by the observation of varia
tions encountered m the entrails of ammals whereby each
vanation observed had a specific meamng

Haruspicina  was therefore not solely restricted to magic
practices but included a science bised upon a study of the
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different forms and variations of the intestinl orgns Sticdn
mcluded these models 1n the curriculum for sacerdotal
students

Fig 1 Raked clay model of a sheep s Iner
present in the Briush Muscum) (Sued1 toon 1y ccurtesy of
Bergmann Verlag Munchen)

(The huer tablet

Each lobe of the sheeps linver, the so cilled penulie or
penaculr lso nimed fibrae or rugmentn hepats had s own
significance, which appeared from the names mensa focus
culter and wunga, by wlich exch mdiidual lobe could be

disttnguished from tne others
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Galen s conception, probably denved from hus obscry ations
of ammals assumed that the human hiser was also 2 Jobated
organ, an opimion which was corrccted by Vesalus “Quae
cam disscctionem prafissares de jecons formn ae penuls scu
fibris {qua 20P7s  Gracar vocmt) commentantur ¢ cinum

D
Fig 2 A Iner from right lateral B Cand D 1ver scen from behind
t fissura mnterlobans dextra 2 lobus dexter 3 fossa cystica 4 ncisura dextra
{after Ruge sg11)

pots et semmrum sectombus, quas hommum didscerunt —
Humanum entm jecur porcim et multo adhuc mus cint
Jeconss modo, non discinditur Nam umcum continuumgue
Ppraccipue 1pstus substantia corpus honunum jecor est

{(*“The professors prefirred to deseribe the external form of
the hepatic penulae or fibr i (which the Greeks called lobu )
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with the help of dissections on dogs and monheys than toteach
with the h_glp_o_[ dissections on man

For the human hver has not as in the pig and still less s
m the dog, a subdivision 1nto lobes, the hver 15 1 unity, and
princ.pally by 1ts own substance ane cohesive whole * )

In most of the present day textbooks of 1natomy one seldom
encounters anv other subdivision of the human liver than into
right and left lobes The site of this division 1s marked by the
mncisura umbihcalis at its ventro caudal margin, the msertion
of hgamentum falciforme at the ventral and craninl convewity
and the foss1 umbihicalis et ductus venosus (Arntn) at the
dorso caudal ¢ q visceral hver concavity

However, other divisional patterns have been deseribed 1n
the past, the first systemauc description of the Iobation which
can be distingwished t the dorsi aspect of the human liver
being by Von Haller (1764), who i s turn derived 1 great
deal of his hnowledge from evrher anatomical studies such s
those of Vesalus, Eustachius and Spiegel

Von Haller s conception must be considercd m some detul
here, seang that, on the whole, very httle of this important
work has been preserved 1s common hnowledge

This author recogmzed two fossnc sagttnles 1t the dorsal
liver surface united by 1 transversc one The Intters common
Iy indicated as  sulcus transversus or ¢ porta hepats |, which
name is dernved from the word ru) . used by Aristotle {fig 25)

The fossa sgittalis simstr corresponds with the fossn venac
umbthecalis and fossa ductus venos: (Aranti), the fossa sagit
talis dextra corresponds with the foss vesicace felleae on ats
caudnl and the foss1 venae cnvne on the dorso eraminl side

In this w1y Von Haller disungushed four lner lobes,
dinided by three fossae namely the lobus dexter, located to
the right of the fossa sagittahis dextr, the lobus siuster, Tocated
to the left of the fossa sagitalis sinstrn, and the lobus medius
located between the right and left fossae sagittales subdivided
by the fossa transy ersa into n anterior part or lobus nterior



0y

ON THF SUBDIVISION OF THEF LIVFR

ut ur Jansst
12105t justop I § Bip

Y




6 ON IHE SUBDIVISION OF THE LI\ ER

and 1 posterior projecting ane, the lobus posterior, which
Von Haller named later on lobus caudntus, bordered to the
night by the inferior ven cava, to the left by the Ligamentum
senosum (Arantu), ventrlly and crudlly by the fosst trans
versa wnd dorsally by the cranio dorsal hver margin The
lobus crudatus wis subdiided by Von Haller tto two
colliculi’, the one locited alongside the fossa sagittals
dextra, the colhculus caudatus, the other ilong the fossa
ductus venosi, directed caudally, the colliculus papillarss
divided from each other by  shnllow fissure I ater the term
colliculus * was superseded by ‘processus , but many names
have been used other than these in the course of ime
We shall therefore first deal briefly with the nomenclature
which has been used 1 the pasttowndicutedifforent partsof the
ver
Sylvius (1478) designated the lobus caudatus s lobus mim

mus  Mimmus ad portat evortum |, Vesalws s fuber * qun
duodenum exporngitur ¢t ven1 portic ¢ jecore prodit jecur
quodim tubere prominel’ and Spicgel (1622) ns lobus ext
guus  lobus exiguus 1b anatomicis nondum descriptus Y on
Haller introduced the name lobus postertor, Iater termmg 1t the
lobus cqudatus, and 1ts subdnision mto the two 2forementroned
collicult, Rex (1888) mtroduced the name lobus omentalis
Ruge (1909), lobus tenae cavae, subdivided mto 1 lobus dorsalis
ind 1 lobus descendens

I he lobus quadettas has also been denoted by varous nimes
i1, lobus anteror (Von Haller 1764), lobus quadengulans
(1 uschka, 1863), lobe principale moyen (Cuvier & Duvernos,
1835) central suspensory lobe (Rolleston, 1861}, lobus prac

portalis (Ruge, 190g) wnd m1ny other names

Jor this rexson the adaption of an agreed umiform torme

nology was flt to be necesstry Accordingly since the itro
duction of the BN\ \ termmology (1895), ‘lobus cwdatus
{Sprgels) 15 the nccepted term for that prtof the dner which
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1s located between the porta hepaus, ductus venosus 1nd in
feror ven e and which is hmited townrds the night by an
impresston, corresponding with the nsertion of the hepato
duodenal hgvment
Tobus quidritus’ (BN A terminology) stands for the
part of the hver which 1s Jocated between the fossa umbilica
Lis fossa cystica and sulcus transversus portarum, while by
lobus dexter 15 understood the part to the night of and by
lobus sinister  the part to the lefi of the inscrtion of the falcr
form highment -
The differences in the external aspect of the vanous types of
Iivers encountered n the different mammals had so puzzled
many nvestigators that eventually comparatie anatomcal stu
des of the organ were undertahen The purpose of all these
studies was to find one pattern of diviston to which all hver
types both the lobated and the different unlobated varicties
could be reduced
For the lobated hiver as 1t occurs in pig dog and many
other mammals shows 1 number of fissures radiating from
the inferior or as the cise may be ventro caudal iver margin
towards the centre of the liver mass, dividing the organ into a
number of lobes the number varying 1n the different mam
malian species To renlize such 1 pattern Ruge and De Burlet
independently searched 1 a great number of human hivers for
rudimentary or fully developed fissures corresponding to
those which are generally considered to be the mun fissures
of the lobated Iver
Between 1gog and 1919 Ruge as well as De Burlet described
a number of human livers showing fissures which answered
their purpose (figs 2 and81 p 96) Thesefissures onein theleft
hver lobe lnke Seitenspalte (fissura sagittalis simistra) and
one in the nght hiver lobe rechte Setenspalte (fissura sagit
talis dextr1) were the two new fissures which they added to
the ones previously described by Von Haller namely the in
cisura umbthcalts and fossa cysticy In this wav both the lobat
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cd and the unlobated Inver can now be subdn rded 1mto 1 lobus

lateralis stmster, a lobus centrals, composed of three ¢ Stamm

lappen” (Ruge and De Burlet), namely the Jobus centrals

smuster the lobus praeportalis and the lobus dextro vesicahs,

and the lobus laterahs dexter, Jocated to the night of the
rechte Sextenspalte *

The lobus dorsalis, corresponding with the lobus candntus
was seen to be subdivided by « fissure 1nto 1 Jobus venae cnvac
turncd to the night, and 1 Jobus descendens towards the Ieft
lateri] Iobe

In all imcstigations dealing with this subject (Duvernoy
Rolleston, Flower, Cantlie, Girard, ctc ) the mam body of the
mammahtn hver 1s diided ather wto two halves each of
wluch 1s subdrvaded 1nto a number of lobes (Flowcr, Crathe,
and others), or into three maun parts, 12z the nght, mddle
(or central) and left lobe (Ruge 1nd others), the middic lobe
hemg subdivided into either two or three Jobes (table 1)

We shall revert to this controversy Iiter {Chapter VI)

B THE INTERNAL SUBDIVISION OF THE I1VER

“From Stiedt s study 1t becomes obvious that the Haruspices
not only observed the lner surface but also the hver substne
by means of incisions, the holes which ¢an be seeninoncof the
lner modcls, the cellte  of the Roman priests represent the
open lumen of vems which, 15 we know, do not collapse but
gape when this organ 15 incised !

QOne of the first and most comprehensive my estigations of
the anatomy of the buman In er nd 1ts intrahepanc structures
s Jud down n the study * Anatomny hepatis” by Glisson
(1654) In this work the author deals extensively with the
ntrbepatic caurse of both portal and hepavc vesns aind thor
inter relatronship On account of the fict that Ghsson was
able to clanfy the relatons of the different structures to exch
other with the ud of same fine llustrinons s work rosc
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10 ON THL SUBDIVISION OF THE LI\ER

bove the mere descriptive representation of data and therc
fore fully descrves to be counted as the starting point of the
mny following anatomical studies on the hver

There 1s no explanation for the remarhable fact that Giis
son s nime only hs been preserved 1n connection with the

hg g2 Relation of porcal vem to hepatic sen seen dorsally (after Glissen 16,41

hepatic capsule whereas it1s now 4 matter of common knowl
«dge that this structure had been deseribed previousfy by
Waleus or \ 2locus (1640) the onginal description howaver,
w18 1scribed to Jean Peequet, 4 medical student w hoakognie
1 first account of the thoracic duct

I he crroncous name  capsule of Ghsson” was mtreduced
n Franas haernan (1833) who dealing with the hastologient
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Iiner umt the lobulus, deseribed the portal ennls as - ‘con
tuming the hepaue ducts, the portal veins, the hepatic arteries,
and the vaginal branches of 1l these vessels with the nerves
and absorbents enveloped in 1 sheath of eellular ussue, first
deseribed by Glisson and called Glisson s capsule

' -

293

Fig 4b Datto seen ventrally

From this quotation 1t appears that hiernan especially
pomnted out that intrahepatically the bite duct arterial branch
and portal vein branch run 1n close proximity to each other
1 common connective tissue sheath  capsula Glissom: , en
velops the corresponding structures The three structures
entering or leaving the hver at the hilum or port1 hepats
are therefore regarded as forming one morphological system
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16 ON THE SUBDIVISION OF THE I IV Fi

zontal plane through the lum of 1bout 60~75°, the opening
of thus angle 15 turned to the left (figs 5 and 6)

Thus fissure, the Sfissura medea, 15 @ constant one, showing vers
httle vanation from the course described above It duides
the gall bladder into two parts of nearly equal size, one to the
left wnd onc 1o the nght

Vhen the portal vem 15 njected the subserosal venous capllanes of th
gall bladder are filled even after previous hgation of the cysuc vein
Numerous anastomoses proved to be present between the mmor ntra
hepauc portal branches and the subserosal vessels of the gall bladder

(fig 7)

Both the quadrate and left Tobes are situated to the Ift of
this fissure thus they form the Ieft part of the Iver Morcover,
the fissura medin divides the caudate lobe snto two parts
located on erther side of the fissure We possess several corro
sion specimens of ivers of which the night and left trunk of the
hepatic arteries and/or bile ducts were Alternately iyected
The myection was preceded by ligation of the left or nght
branch In none of our corrosion specimens could we find 1ny
annstomases between the bile duct systems an both sides of
the fissura medin This confirms the recent obscryations of
Schalm (1952}, who used Von Hildebrand s \ rav technique
(scc Appendix I) for lus investigation

Three groups of Artertnl wnastamoses between the v isculwr
beds of right and left hepatie artery hwe been described by
Martens (1920) nd Segll (1923), both using that same tech
mque, which were lso present 1n our specimens

The first pletus 1s found extrahepatically 1n the tlar arc
(fix 8) Tt was present n about 25% of our spccimens
showing 7s fine brinches ansing from the night and left hepat
1 artery

The sccond group of nistomosing sesseds, which e
branches of the fifth to the scventh order, were found m 1ht
are1 of the dorsal surfrce of the caudate lobe
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These vessels cross the fissura media but they will cause hardly any
bleeding duning hepatic surgery because of their small calibre

LIVER 60

LIVER 54

Fig 8 Artenial anastomoses m the b far a ea

A third plexus which was present mn only a few of our spe
cimens consisted of intra and subcapsular single or multiple
anastomosing usually very fine arteraal branches which also
may cross the fissura medin In only one specimen did this
plexus consist of vessels with a fair calibre
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be
the area ¢f the caudate
Subcapsular artenal anastomoses 1n

fe o e — Portal vein
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On thie basis of these observations one may sty that the hiver s
A parred organ for the arborization of its Glissonin structures
The left Iis er half, though usually not as large 15 the nght hver
hAlf 1s considerably Iarger than the left iver lobe

Fig 10 Mucroscopte sect on of the liver in the area of the fissura media
A fissura media B portal triads

Histological examination of the hver was performed 1n the region of the
fissura media The hver was cut perpendicular to the direction of this
fissure On mucroscopic examination 1t was found 1n a series of sections
that the slides—which were smooth and did not show any further tears
or cracks—displayed a fissure at the same level where we expected the
fissura media to be present Thus fissure as a tear formed a defintte plane
1n the sextes of slices dividing the liver tissue in the centre of hver sinusouds
Small portal triads were observed on either side of the tear (fig o)
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Lhe gall bladder, 25 will be scen presently, develops out of
the pars cystic located At the medial 1nd caudal pole of the
pars hepatien Duning, the development, this organ heeps ats
central posiion It 1s therefore not surprsing to sce that the
fissura medin divides the fossr cysticn into two parts of nearly
equal size Occrsionnlly, however (8-109, of specimens)  the
fissurt medin may run along the left border of this fossa

Two fissures can be distingwished in the hiver halves descnibed
prevously (fig 11), dividing the Glissoman system of both
halves into four arens, approximately corresponding to the,
Irver lobes of the Jobated liver, g 15 1n dog or pig (Rex,’
1888, Hjortsjo, 1948, Healey ¢ al, 1953~54, Coumaud,
1954, Gans 1954)

There 1s one frontal fissure to the night and one sagttal
fissure to the left of the fissura media On the left side 1s the
left interlobar fissure corresponding with the external division
between the left and nght lobe It 1s marked at the inferior
Tiver margin by the incisura umbilicahis, the medio visceral
part harbours the sagittal part of the left portal vern trunk
(recessus umbilicalis of Rex, 1888), which 1s :dentical with the
most cramal portion of the left umbihical vein The cranio
visceral part of this fissure corresponds with the fossa of the
ductus venos: (Arantn) which duct after originating at the
curature of the left portal vemn trunk, runs cramally towards
the nferior vena cava post natally 1t 1s obliterated At the
ventral surface 1t corresponds with a line shghtly to the left of
the msertion of the falciform hgament

On the ightsideof the fissura media there1s the reght interlobar
fissure  the ventral surface of the liver usually shows nothing
to suggest its presence [Its intrihepatic course shows some
vanations depending upon the divisional pattern of the night
portal vem trunk (figs 12 13 and 14) Generally 1n the cor
rosion specimen this fissure cuts the lower margin of the ven
tral surface at a point between the fissura media and the nght
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Fig 12¢

Fg 12 Vanatons in the course of the portal vein 1

A Dorsal aspect B Cramial aspect C Ventral aspect
1 Truncus dexter venae portae 2 \cna paramedialis dextra 3 pars sagittalis
\enae portac smistrae 4 saccus § venacraniahislobisimstr 6 venacaudalis lobt
s st 7 venaparamedialssinistra candalis 8 venadextra g venaparacystica
10 venadextro caudahs 11 vena dextra cramalis 12 branch of the dorsal fan
17 vena paramediahs sinustra cranalis 14 branch of 7 to the ventro cramal
area of the lobus paramedial s s mster 15 branch to the caudal area of the
lobus paramediahs s nister 16 branches to the caudal area of the lobus para
medialis dexter 17 branches to the cramal area of the lobus paramed alis dexter
18 vena hepat ca dextra tg vena hepatica media 20 vena hepatica s n stra
ot fissura mterlobans dextra 2 fissura intermedia 23 fissura media 4 fis
sura nterlobanss nstra 23 fissura incersegmentabs suustra 26 fissura dorsabis
segmentum ventro caudale lobi smstri 8 lobus paramed ahs smister
9 lobus simister 30 lobus caudatus 31 lobus dexter 32 lobus paramedrahs

dexter 33 scgmentum cranio-dorsale lobi smistry
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Fig 13b
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Fig 13

Fig 13 Vanations n the course of the portal sein IT
A Dorsal aspect B Cran al aspect C Ventral aspect
~> An mcisure which 18 present in the fresh liver does not correspond  1th the
night interlobar fissure
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Fig 142
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Fig 14 Vamations m the coursc of the portal vemn 11T
A Dorsal aspect B Cramial aspect C. Ventral aspect
- An tnaisure which 15 present in the fresh hner docs not correspond wath the
right mterlobar fissure

lIiver margin, stituated at approximately one third of the dis
tance from the latter Over theventral surface 1t runs upwards
for a distance of 10-15 cm parallel to the right liver margin
(depending upon the size of the organ) following which 1t
curves to the left to terminate at the right side of the infernior
vena cava at the pomnt where the right hepatic vemn enters this
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vessel 1his plane cuts the dorsal surbce of the hver along
furhy strught bne, going through the bass of the nght pam
median sein Flus obhique fissure makes an angle of 30-4,
with the honzontal plane wath the openmg of the aingle turned
to the nght (fig 15)

In our polyvinyhic specimens the three fissures described
can castly be visuthzed by bending the casts shightly In this
w1y the Ghssonin 1res cn be disungnshed without doing
much hirm to the normal antomy

We were able to snject some of the lobar portal vem
branches mdwiduatly with diffirent coloured phstaid A
sharp demarcquon of the lobar areas appeared to exst, with
out 1y nstomoses of the partal vem beds of two ndjacent
Tobes

Tlus fully agrees with the opinion vorced by Llas & Peuy
(1952}, that portd shunts normally are absent It s probabic
that ssalited anstomoses i a single specimen are the resule
of some local pathology not detected 2t autopsy especially
since current obsers 1tions 1 these faboratortes hne shown
numerous portal inastomoses i carrhosss '

Smnll artenin} anastomosts are occasionnily found between
the different lobes, usually subeapsular seldom more centrally
w locaton

G RELATIOASHIP BETWEEN THF EXTERNAL AND
INTERNAL SUBDIVISION OF THE LIVER INTD LOBES

Is there any relationstup between the externtd diviston of the
organ {Ruge and De Burlet) nd the internal one of the Ghs
sontan system?

To nnswer this very important question for hepatte surgery
we compired fresh livers with injection corrostan specrmin

Concermng the left inturlobar fissure and the medaal fissure
we have already nswered this question for the fissura medit
1 located in the fossa shgittabis dextra desersbed by Von Hal
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ler, which, as we have seen

> 18 composed of the fosst cys
and fossa venae cay 1¢, wh o

ile the left mterlobar fissure cor

t ||nke5
Arseti‘/’eii Astwerk

Fig 16 Dusicn of the intrabepanc portal vemn fIn bed after Rex
A Caudal aspect B Ventral aspect (re-drawn afier Rex)
responds with the fossa sagittalis simistra of Von Haller and
not with the linke Sertenspalte  descrnibed by Ruge, which
1s located far more Irternlly
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scissure scissure scissure
droite Prlnc\pale gouche
)

Fig 19 D vis on of the Ghssonian system  after Counaud
A Dorsal aspect B Ventral aspect (re d awn after Cousnaud)

33
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loglilccdxr-l‘:ls"ur';c :i\l:;ch were found 11 the fresh specimens re
good distance Interally from the pont of inter
section of this plane with the inferior Iner margin

In other instances, 1s 1n the I ers reported by Ruge in 1911
(fig 4), a1nd m our specimen (fig 20}, 1 fissure wns never
thelcss found 1 the fossn cysticr, which hedeseribed asfollows
‘Subserose Gefhsse Ingern n der Turche dre sich dors il irts
durch die Gallenblsegrube m oberflachhicher I age verfolgen
Ihssen, senken sich aber vor der Plorte in dic 1iefc cin’

(“In the fissure he sub serosal vessels which can be followed
dorsally through the gall bladder ety masuperficinl positon,
but they sink mto the deeper part of the tissue before rerching
the portnl fissure * )

In 1o % of our corrosion specimens Gounrud s line corre
sponded with the localizaton of the nght interlobar fissure
at the dorsal Iner surfice (fig 14) In those mstnces we
frequently found - shallow groove (sulcus) or 4 real fissure
this site n the fresh specimens, but the latter may 1lso be
present 1n those nstances 1n which the fissure docs mot corre

spond with these grooves!

In view of the fact that Rex and Hjortsjo exch invented daffer
ent 1nd rather intnente terms for the internal division of the
orgn, we umed 1t 1dopting 1 nomenclature which would at the
same ume be consistent, anatomcally, and casily understood
and memonzed Thercfore, we disunguished on the basis of
the ramifications of the Glissonin system, 1 hepar dexter and
1 hepar simister, divided from each other by the fissurt medin,
for both lobes located on aither side of thus fissure we comed
the term  Jobus parimediths ventrahis simster, or dexter, 28
the case mught be

Both Iobes lateral 1o the fissurh mierlobans have been m
dicated s lobus dexter and lobussinister, the lobus dexier to the
right or laterally and dorsally tothe fissurainterlobans dexera
the lobus simster to the left of the fissuct mterlabans smistry
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s e o At b o et

1 2 3

Fg 20 Liver rentro-cran al as
1 fissura interlobans dextra 2 gall bladder 3 incisura umbihcals
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The lobus dexter, for the external divston of the organ, docs
not correspond with the lobus dexter for the mnternal dnsion,
for which reason we shll henceforth designate the former 1s
the pars dextra (hepatis)

The lobus caudatus, which 1s located between the right and
left interlobar fissure, appears to be divided by the fissurz
medsa into two fobes fobus paramediahis dorsabs dexter and
sttuster The two nterlobar fissurcs do not approach each
other ntrahepatically 1n the median line, but mterscet the
dorsal surface of the ver on both sides of the lobus ctudatus
Hence the loby paramediales dorsales are situated betneen
the right and left interlobar fissure These smlf lobes e
separated from the two lobt paramediales ventrales by 1 front
ally placed fissure~—called the fissura dorsalis—which cuts the
cranial pole of the Iiver 1 an arc (fig 12) Caudnlly, this
fissure cuts the superior w-ll of the fossa trnsvers (or porit
hepatis} m virtually a straight Iine
It 15 currently known that the jungs can be seen to be dinaded
mto a number of lobes On 1njection of the broneh and pul
monnry arteries followed by corrosion of the organ, 1t appeared
that the external division nto lobes corresponded with the
mternal arborization of the bronch as well as the artenies but
subdnision of the lobes 1nto segments, not present on the outer
part of the lung were so found 1n this way

Docs this Iihewise apply to the Iver?

We find that the different lobes described presiously for the
Ghssomian system, hike those of the lungs similarly fitinto 1
number of segments® The term “scgments w1s probably
introduced by Flowers (1872}, though he used iinthereverse
sense  Quand le fore est unst partage en deux M1sses prin
c1pales, ne presentant pas de subdus istons, on peut les nommer

* The nght word 18 actually sector  because the Inver area indicated by
(hus term 13 three-dimensional Qur usc of the less corsect term  segment
1 10 defesence te uts general adoption in medical nomenclature £ 1n

pulmonary anatomy and surgery
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lobe droit ct lobe giuche, mas, lorsque ces deux masses sont
divisees on doit les designer sous le nom de segments droit ou
gauche du foie, en resenvant le nom de lobe pour leurs sub
divistons”

( Thus, when the hver 1s divided into two main parts
showing no subdiistons one can call them the nght lobe and
the left lobe, but when these two parts are sub divided one
must refer to them as the nght and left segments of the liner
reserving the name lobe for therr sub divisions )

Rex (1888) did not speak of segments for the subdivisions
which he found 1n his portal ven spectmens He however
distinguished two areas n the lobus dexter  Astgefolge des
Ramus Ascendens and Astgefolge des Ramus Descendens
und Arcuatus  and two dehimited areas i the left Iiver lobe

Linkes Astgefolge and Astgefolge des Ramus Angularns
(fig 16)

Hjortsjo (1948) 1s alone (see fig 17) 1n stressing the fact
that his S5 sin represents a sagittal fissure He did not note
anv of the transversal fissures described by Healey ef al and
Cownaud (figs 18 and 1g)

Cownaud (1954) who d hed eight n

dicated by numbers mnstead of names armved at the division
which does not correspond with his conception of the sym
metrical arrangement of the intrahepatic Ghissoman structures
(see page 110) moreover hus division differs considerably from
Healeys ¢ al, (sce figs 18 and 19) who came to a division
mto ten segments

It will be clear from this bref survey that there are some
discrepancies between the results of the vanous recent findings
and these call for further investigation Our own work how
ever has facilitated the task of discovering exactly how these
lobes were subdivided there are 1n fact several alternative

means of establishing the segmental borders with absolute
certainty namely
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(1} by bending the casts apart In this way the different se,
ments stind out clearly, §

(2) by breaking off the segmental structures of the Glissonian
system at their base,

(3) by mjecting the segmentnl structure of each mdnidunl
segment with plastics of diffcrent colours

Our specimens show that the left Incr Iobe 1s nesther sub
divided by a transversal nor a sagittal (Counaud, Healey),
but by 2 frontal pline, which takes 1 different course from that
indicated by Hjortgo (compare fig 17 with fig 12) This
fissura intersegmentahs lobt stmstr divides the Ieft Iiver lobe
mnto a segmentum cranto dorsale and 1 segmentum yentro
caudale

As far 1s can be judged from Ruge’s llustritions, the fissurt
ntersegmentalis lob sinistrr seems to correspond with the one
described by this author on the dorsal surfice of one of his fresh
Iivers, which he mdicated as ‘linke Saitenspalte , described
as 1 Querspalte ’ (a transversal fissure!) Although we never
encountered this fissure in our fresh specimens, 1 slight Innt of
1t may occasionally be found on the dorsal left Iobar surfice
s a shallow groove

Unlike the left lobe, the lobus dexter 1s divided by 1 trans
tersal fissure (see fig 11) mto 1 segmentum crinile and 2
segmentum cidale

Ao clear cut transterse fissures 1re present in either prramedig
lobe, this contrary to Healey and Cownaud

A sacattl fissure, fissura intermedia, can be recomzed, drvid
ng the right paramedian Iobe into 1 medial and Iterl terre
tory, to which we shall revert i Chapter 111 {page 59"

Conclustons The hver can be dinaded both on sts external aspect
and on the basis of the wrborization of structures of the Glsson
1an system

In the externl subduyision we distmguish a pars dextr wd
1 pars sistra, lobus quadrws and lobus caudatus
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Nision

Both the lobys dexter nd lobys Silister apa su
tivo Segmenys



Chapter II :
EMBRYOLOGY OF THE LIVER

Having considered the diviston of the hver on the bass of the
arbarization of the Glissoman system in the preceding chap
ter, we shall now briefly survcy the most promunent features
n the development of the human Iver which are pertinent to
the present and future mterpretation of findings

As 15 gencrally known, the lizer parenchyma dev clops from the
entoderm of the ventral wall of the fore gut The first “Anlage
of the hver parenchymn s paired in the turtle, some birds and
reptles (Thle et a/) and also was thought imually to be
pured tn the human embryo (Hertwig, 1888), until Thomp
son (1g08) found only one hepatic bud 1n 1 23 mm foetus

This bud anses in 1 2~21 mm (12-17 somute stage) embryo,
which 15 2t n crrhier stage than that at whach the Jungs and
pancreas develop

The hepatic cclls imnade the septum transyersum, locited
between the pericardinl enaty on the eramal and the yofk
stall on the caudal side the imvasion 15 accompmed by
destruction of part of the mesodermni cells, which re the
ongnal constituents of the septum Imually the cells e em
bedded 1n between the septal mesoderm, but they quite seon
inerease 1n density on account of their ripid prohferition

The liner eells are arranged 1n 4 tribeculr spongework
round sinusoids, Tined with » Inyer af flattened mesothehl
cells, through which the blood from the sitelline ns wellas the
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umbilical veins 1s distributed  The rich blood supply of the
organ accounts for its rapid enlargement, taking place at first
malaternl and dorsal dircction, as nght and Ieft hepatic masses
soon followed by that in a ventral and caudal direction In
the first stage of 1ts development the enlargement of the Iiver
15 out of proportion to that of the rest of the foetal orgamsm

At avery early stage the hepatic bud divides into a cramal
part which develops 1nto the liver parenchyma (pars hepa
tica) and 1nto a dorso caudal part, developing 1nto the gall-
bladder and cystic duct (pars cystical

The pars cysuca imtally located mtrahepatically (De
Burlet, 1g11) grows out as gall bladder and cysuc duct
During the development of the liver the gall bladder probably
occupies a central postton  Die ursprungliche Lage der
Gallenblase entspricht der Medianebene, dass diese ursprung-
hehe Lage aber im L aufe der Entwicklung dieselbe bleibt st
nicht bewiesen, eme Verschiebung an der Leberintestinal-
flache 1st wegen der fruhen, tiefen Embettung 1m Parenchym
nicht wahrschemlbich  { The onginal posiuon of the gall
bladder corresponds to the median plane, but there 1s no proof
that this oniginal po ition remams the same mn the course
of development Owing to the early deep embeddmg 1n the
parenchyma 1t 1s unhkely that there 1s any displacement with
regard to the facies intestinalis hepatis ) (De Burlet)

The hollow stalk, connecting the pars hepatica with the
duodenum differentiates into common bile and common
hepatic duct as also mto both hepatic ducts and therr 1ntra
hepatic ramifications

The development of the /epatic tenous system 1n connection
with the subdrvision found 1n the portal flow bed presented a
problem It appears that during the process of lateral exten
sion of the liver the dorso lateral surfaces of both hepatic
masses soon meet the vitelline veins runming along the prim
tive altmentary tract which are broken up into sinusords,
nvaded by the Iiver cells
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Extrahepatically each vein differenuiates mto 1 disunct
distal* or afferent and a proxumal* or efferent structure for the
tner We imagme, with Mall (1906), that at this moment
two primary lobules come 1nto existence, towards the end
of the third weel, each one with 1ts own 1fferent and cfferent
vem Ifthis1s what happens, then 1t 1s obvious that, though the
parenchymatous “Anlage” of the Iner 1s unpared, s mternl
arrangement 1s from the very begmning a pured one, 2round
both watelline vemns

The umbilical veins, which run 1n the lateral abdominal
wall, communicate 1 the septum transversum with both
efferent vitellne vems and discharge therr blood by w1y of the
truncus vitello umbihcahs mnto the sinus venosus

Both lobules, extending into the septum, subscquently rexch
the umbihcal vemns, which i their turn are broken up nto
sinusords The wogrowing cells dernved from both primine
lobules, should we imagine, form two new ones, agamn each
with ats own ferent and efferent vein At this stage of four
primary lobules corresponding with the prmutne lobes, the
sinusoids still consist of one wide system of channels which are
1n open commumication with each other The pnmary lobules
are very small at the end of the sccond month the dinmeter 15
05 mm, at birth 1 mm 1nd in the 1dult 1t mm {Mall, 1906}

In general, the sxme coursc of events tthes phice duning the
devclopment of all mammaban bvers As far back as 1900
Choronshitzky stated that the right half of the Iner of 2 sheep
crabryo 15 supplied by the night vatellme s well 2s the night
umbilical vern while the left side 1s supphed by bath corres
ponding lefi vesns Chrnock Brdley (1909) found 1n pigs the
left and right umbilical veins to be Jocated on erther side of the
gall bladder

Severi! changes occur w the extrabepane yenous system,
subscquently followed by intrrhepatic rearringements, dunng
which the two ntrahepauc flow beds, those of the porto-

¥ In relation 1o the heart
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umbilical afferent and cfferent hepatic vein system, are
formed

The afferent or distal segments of the onginally paired
vitelline veins communicate by three cross anastomoses, the
cramal and caudl ones being located v entrally and the medial
one dorsally to the alimentary tract Following obliteration of
the right viteline vein part, which 1s located 1n between the
caudaland medinlanastomoses and that partof theleft vitelline
vemn 1n between the cramal and medral anastomoses, onlv the
nght vitelline vein 1s left over to transport the blood from the
ahmentary tract to the hver This vein assumes a composite
S shape which as superior mesentenc vemn after rotation of
the gut curves over the pars inferior duoden: and, as portal
vein undernexth the head of the pancreas and the pars supe-
rior duodem (His, 1885)

Moreover, the extrahepatic distal part of the nght umbihical
vein 1s obhiterated 1n the 6 mm embryo, the proumal part
locited n the septum transversum has been incorporated n
the extending hiver tissue as vena hepatica dextra located be-
tween the night and left paramedian lobulus

Von Haller (1774} while discussing the changes which
occur at birth remnrked that blood returming from the
placenta passes into the liver through vessels that in the foetus
are offshoots of the umbilical vemn but 1n the adult are off
shoots of the portal vein  (Barclay efal , 1952) Probably the
same thing happens during the early development of the organ
when the nght distal umbihcal vein 1s obliterated

The four prinutrve lobules which are formed 1n this way
are thought by us to correspond with the four ventral Ghs
soman lobes described previously After the obliteration of
the proximal left vitelline vern the blood of both paramedian
lobes 1s discharged by way of the nght proumal vitelline
ven which shifts to a position 1 between both lobules 1ts
extrahepatic part the ductus hepato cardiacus becomes the
proximal part of the mnferior vena cava
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Fig 21a

Fiee oath
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Fig 21c

Fg 21 Semn-d agrammat ¢ reconstruction of the yenous svstems of the iver
A embryo of 44 mm B embryoof 7mm C embryo of gmm
f lner uv umbihcal vem vom omphalomesenteric ve n t mtestine ¢
cardac en 5 stomach lpc lesser pentoncal cavity h heart st scptum
transversum ru recessusumb licals pp pleuro-pertoneal cav ty  p vema
portac dv ductus venosus rhd ramus hepaticus dexter rhs  ramus
hepatcus suster 2 ramus angulans ra ! ramus arcuatus (from ongmal
of figs 9 10 16 17 19 and 20 Franklm P Mall Am J Anat V 2,6 260
and ~61)

This process of internal rearrangement starting at the end
of the fifth week has been described by Mall (1906) 1n the
following way ~ The hepatic and portal veins are telescoping
they are beginming to dovetail with cach other  The different
stages of this process are represented mn fig 21
The four ventral lobes can be recogmzed as separated for a
shorter or longer period in the embryo De Burlet sull found
clearly marked fissures radiaung from the margo inferior
towards the centre of the hver mass in a 32 mm embryo
These fissures comncided with the medial and interlobar ones
described for the adult human liver (fig 22)
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Fig 22 Model of a Iner belonging to a human embryn ¢f 32 mm (De Burlet
)

191t
A \rmmcranmll;7 B postenor aspeet
1 Frsura anterlobane dextra 2 fisura media 3 fissura snterlc | 10y sinustra
4 lobut dexter |, lobus paramedials dexter 6 Dlus paramedials mn ter
7 labus stnuster 8 lobus caudatuss
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The lobuli pirimediales dorsales (cwudau) develop some-
what later than the four ventral lobules Nl described
tharr formanon thus — $Wath the subdivision of the middie and
teft hepauc vens into two branches exch, six primary lobules
are seen to carrespond with the six primary lobes of the mam
malian lner and “The primary lobules radiate from a centre
and have between them the main trunks of the portal veins,
each mterlobar vern at ths stage 1s to form a maim trunk m the
Adult

The development of the hepatic artery tahes place after fusion
of the most cram1l ventral branches of the descending 2orta
into the coeliac artery One of 1ts branches takes 1ts course to
the lner as hepatic artery

Many errors n the devclopment of this artery account for
the numerous vanations encountered 1n the hepatic artenal
blood supply (Ria Branco, 1912)

Imually the Iiver extends in 1 Iateral direcvion then 1 a
ventral and caudal direction the site at which both wvitelline
veins enter the Iner the hlum, ongmally located near the
fower hiver margin being pushed up 1mto a relatnely more
cramal direction Thus the portal ven enters the organ at
1ts dorsal surface shghtly cramally and dorsally to the ile
ducts which have been differentiated from the onginal con
nective stall between hepatic bud and gut

At the hijum of the aduit human hver we stil} find traces
of the original situation 1n the form of a figure H the two ver
tical bars of which represent the right and left witelhine vens
while the horizontal bar corresponding with the sulcus trans
versus of Van Haller, represents the aforementioned cramal
anastomosis between the two vitelline veins The nght bar s
identical wath the mam portal vein and nght portal ven
trunk The left vitelhine vein corresponds with the medial
portion the left umbihical vein with the lateral portion of the
pars saguttalis venae portae simstrae the left eramal bar with
the ductus venosus (Arantu) (fig 23)






Chapter I

THE GLISSONIAN SYSTEM

Prior to a systematic discusston of the structures comprising
the Glissoman system extrahepatically in the hepato duodenal
Ligament and the hilum as well as mtrahepatically, and of the
relationship of the lobar and segmental structures to the hilum,
the lobes and segments concerned we first have to define the
conceptions Glisson's capsule and  hitum’

Ghisson s capsule The triangular, coronary and falcformhiga

ments the lesser omentum the hepatic capsule the hilar and
the intrahepatic connective tissue, all blend without any tran

siton because these structures are derived from the mesoderm
of the septum transversum The hepatic capsule named after
Glisson, dives 1nto the organ at the lnlum as 1 sheath around
the portal vein branch and 1its corresponding artery and bile
duct for which reason all the hilar connective tissue has—in
our opimon rather arhitranly—likewise been considered as
Glisson s capsule In the dissecting room specimen represented
by fig 24 the two intrahepatic systems are readily dis

tinguished but the three structures of which the Ghssoman
system 1s composed are so densely interwoven that 1t 13 ex

ceedingly difficult to separate them

Hium The hilum 1sdefined as the area at the dorsum of the
liver where after removl of all loose connective tissue Ghis
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soman system structures ¢n be recognized extr shepatenlly

prior to their penetration nto the body of the Inver It ncludes

the sulcus transversus (Von Haller), the umbilical fossa nd

the mcisura dextra, the latter cxtending from the right margin

of the porta hepatis e a crudo lnteral direction This mewsura
A

Dissecting room specrmen dorsal aspeet Clissonian system
F'gAgixrt}:c hdurﬁ B mlr;:;rpahc G the medual hepatic ven

55 present m approamately 8o % of Inus, uts fength varies
from 2 to § cm After drawing back the overhnging Iner
margins which partly cover the meisura, 1rathershallow SI’J;\CC
appears which 15 1 contimpauon of the ports heps u(‘.
Inlar structures cn be further dissected out 1t the bottom o

this spce
The relttionship between the different il structures
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becomes clear during the surgical approach to this region
(fig 25), with the ventral hver surface turned crmally and
its nferior margin now directed upwards In this way one
faces the dorsal or viscernl surface of the liver

In this approach the most enudally situated structures—
le ducts and arteries—first become visible, while the most
cramally located one—the portal vein—hes deep down be
comung visible only after previous dissection of both the bile
ducts and the artenes

After this brief description of the hilum, we must now dwell
on the topography of the Glissontan structures in the hepato
duodennl hgament and at the hmlum of the hiver as observed
during hilar dissection

While removing the connective tissue along the free margin
of the hepato duodenal hgament the first structure to become
visible 1s the common bile duct with the appropriate hepatic
artery on the medil side These two structures overhe the
portal vern The hepatic artery 1s the first of these structures
to ramufy in the hgament the course of the right branch of the
artery usunlly being underneath the common bile or common
hepatic duct, as the case may be, and gives off the cystic ar
tery towards the gall bladder Mostly two, occasionally three,
or even four branches of the right hepatic artery can be dissect
ed at the hilum, more often than not, all of them are situated
over the corresponding bile ducts which, 1n therr turn, run on
top of the night portal ven trunk

The vena portic commums diides upon entering the
hilum near the nght hilar margin 1nto the two main divisions
the truncus dexter and truncus siuster venae portae

Extrahepatically the diviston of the truncus dexter into two
large ramu can be visualized following retraction of the over
hanging night hilar margin or the margins of the incisura
dextra as represented 1n fig 25

The first ramus usually runs as far as 1t can be visuahzed
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Fig 25 Hilum afier remaval of the Clissontan capsule (Surgreal appre act)
1 sena dextrowcaudalis 2 inciura dextra 3 vena dextrocraniahs ¢ artena
dextra curving around the baws of the vena paramediahs dextra |, arfersy
paramcdialis dextra 6 ductusdexter 7 ductus paramedialudexter ¥ ductus
hepaucus dexter 9 ductus hepaticus communis 1o truncus sipister ven1

portac 1t ductus hepaticus sinster 12 artena craniaha | biuinistre 13 art na
caudals lobt sinwtrs 14 arteria paramedialis snstra t, vena cranahbs I
snistrn 16 vena caudalis fobr smistrt 17 ven1 param diahs sstea caudal
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in a ventro caudal direction, the sccond ramus runs i a
Iateral direction

At the bottom of the sulcus transversus the length of which
varies from 2 ta 5 cm, there comes the truncus simster venac
portae “‘pars transversa trunci swnistri venae portae  {Ehas &
Tetty, 1952), which can be dissected

Caudally to the pars transversa we find the left hepatic
duct which Lies within some millimetres of the hepatic tissue
towards the site of 1ts junction with the nght hepatic duct
however this distance ranges between o 5 and 5 cm Here, too,
retraction of overhanging liver portions facilitates the exposure
of the junction The connective tissue at the hilum, which 1s
generally quite loose 1 consistency, may nevertheless show
local condensation between the infenior margin of the caudate
lobe and the junction of the hepatic ducts 1n that event it may
hamper their proper dissection

The left hepatic artery 13 much more superficially located
than the left hepatic duct or the truncus sinister venae portae
It can be followed without any difficulty up to the point where
the different segmental branches penetrate into the hiver pa
renchyma

‘The artenal branches become visible first of all but further
dissection also reveals the portal vein branches runmng to the
caudate lobe Next, a separate arterial branch was often seen
running to the quadrate lobe and usually two other branch
es which disappeared mto the left liver lobe

The pars transversa trunc sinistr1 venae portae cunves at
an angle of g5-125 1n a caudal direction, formung the sagittal
part located 1n the umbilical fossa (recessus umbihicalis of
Rex) This part s easily accessible from the dorsal liver surface
after removal of the overlying connective tissue

A large portal vein branch anses at the cunvature and can
be followed together with 1ts corresponding artery occasion-
ally also with the corresponding bile duct which, 1f 1t
runs ventrilly to this vemn remains mwvisible for a distance
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of 0 5-1 5 ¢cm after leaving the body of the left Iner lobe

The sagittal part of the left portal vem trunk ends abruptly
m a bag bke structore, mdicated as saecur

Two groups of vessels can be seen to arise from the saccus
namely a group onginating at the medsal aspect, runming to
the quadrate lobe, and a group arsing at the lateral pect,
disappearing wmto the caudal part of the left Iver lobe All
these structures are accompamed by therr corresponding
terial branches and bile ducts

OGccasionnlly a bar of liver tissue overhes the saccus and
has to be dnided to give access to this region

Tt 1s thus that the dufferent Glissoman pedicles can bevisual
1zed at the mlum

Before we compare the relationship between the various
Glissonan pedicles which have been visuahized At the hilum
and the lobes and segments of the ntrihepatic Ghssonrn
system, we must conuder the common denommator of the
diffirent varations i the ntrahepane course of the three
structures of the Glissoman system as encountered mn our
corroston spectmens In domg so, we shall confine our des
cription to the branches of the first ind sccond order, both
from the portal vemn hepauc artery and from the bile ducts

As we have seen, the termtory of the Ieft portal vemn trunk
1s sharply marked off from that on the nght 1nd docs not coin

ade with the left Iner labe The left portal vem trunk of
which the mun rumifications show very fow vanations m ihe
different casts, consists of two parts, 1 pars transsers1 and 1
pars sagittalss, corresponding with those previousty visuthzed
at the hilum, the latter ss the remnant of the fused Teft vizetine
and left umbthical vumn ffig 26) From the transversc pat

length 2-5 ¢m, two to three small branches cn be seen
running cramathy towards the ¢ wdate lobe, morean particular
to the dorsl part of the lobus paramediahs dorsahs simstes

renar caudalae simistrae (fig 27)



THE GLISSONIAN SYSTEM 55

Occasionally a rimus cin be disinguished at the inferior

aspect of the trinsverse part runmng nto the caudal part of

the left parimedian lobe  tena paramediahs swustra caudalis
superior

Fig 26 Portal vem specamen ventral aspect
1 truncus smister 2 pars sagittalis 3 vena paramedialis smistra caudalis
4 vena paramedialis siustra cramalis 5 vene caudahs lob stuistnt 6 vene cra
nualis lobi st 7 truncus dexter 8 vena paramedial s dextra g vena
dextra

The transverse part curves at an angle of g5-125 n a
caudo lateral direction forming the sagittal part, located 1n
the dorsal part of the left interlobar fissure In the foetus the
ductus venosus (Arantn) anses from this curv ature, directed
towards the inferior vena cava
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Fig 27 Truncus sinster venae portae with its ramaficanions sentral aspecet
1 truncus sinsster 2 pars sagitals 3 4 and , venac paramethaley nnntrar
6 venae caudats 7 vena caudaly lobi sinistrr 8 vena crantals loly stnusins
9 vena parumbilicalis
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At the site of the caudal bend, 1 large branch nnses at the
convex surface of the curvature, runming mn 1 latero cranal
dircction  the tena crantalis lobt stmstn Tts course 1s fairly
straight When trversing the cramal part of the left hiver
lobe, this branch 1s close to the dorsal surface of the hver and
can be reached casily from the dorsal aspect The ramficn
tions of this vessel correspond with the segmentum cranto dorsale
lobt sistrt

The sagittal part ends abruptly 1 a bag like structure,
which was described previously as the saccus Several vessels
anse here the first, as a group, originating at the medial aspect
of the saccus the tenae paramediales simstrae caudales The ram
fications of this group of vessels supply the quadratelobe almost
cntirely and comncide with the caudal part of the lobus para
medialis simster The second vessel, as a large single branch,
though occasionally as several branches arises at or along the
lateral aspect the vena intermedialis and iena caudalts loby
simstrt The ramufications of these vessels correspond with the
segmentum entro caudale lob: simusiry

One branch usually anses from the ventral aspect of the pars
sagittalis sometimes, however, from the medial spect at a
vanable pomnt located between the margo nferior of the
saccus and the curvature, tena paramedialis simistra cramalis,
supplying the cranial and ventral part of the lobus paramedia
Lis simister

The truncus dexter venae portae shows more vanations than the
left portal ven trunk Here we only will describe the course of
this vessel as 1t was usually encountered 1n our specimens 1n
a subsequent chapter we shall describe the most prominent
Variations seen 1 our casts

This vessel runs transversely for a varable distance
ranging from 0-3 cm before 1t bifurcates into two ramu prior

to their disappearance nto the body of the right half of the
Liver (fig 28)
The first branch the 1ena paramedralts dextra,1s of considerable
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arises from the infenor spect of the e dextra, runmng in 1
crudal direction to the nght of the lteral foss cysticr wall
tena paracystea "The nrer of ramufication of this v ein forms tht
part of the lobus dexter wdjacent to the fosss eystica

The ramus dester dsvades mto two branchcs, ane to the scg
mentum dextro cramale, the tena destro-cramalis or vena cr
mabs lob dextri, ind one to the segmentum dextro crudale,
the rena deviro covdalis or vena caudalis dobr destrs Several
small branches, or one lrge one, oniginate from the venr
dextro caudahs night at, or shghtly distal to, the site of nfur
cation of the vena dextra, running towacds the right kser
margin the tena devire narginalis

A number of minor branches supply the lobus pirameditls
dexter dorsalis

Inside the liver the poreal vewn serves as cterier nd quides
the hepatic arterses and bile ducts These arterses ind bile
ductsvdhereto theses emns just bhe vines chmbiag 2long a pole
Because these structures tthe a sumdar mtriliepatic course to
the portal vein branches supplying or druming the same sec-
tors s distingwished for the rimufications of the portal vein,
the arteries and brle ducts 4re given names identical to the
cotresponding branches of the portal vum, 2 g, vena par

medialis destra, artent prrimedintis dextra ductus prrame

dialis dester (fig 29 1nd 300/

As noted previously, the proper kepalic arlen) s situted on
the medid side of the partal van  After ity bifarcruion mto 2
feft 1nd rght branch, the feft hepatic atery suns crudally to
the pactal van small awienes wse from s frunh runmng
wnto the caudate lobe Usualls there 15 one, but occrsonally

there are sever] brnches to the left parumedian lobe In the
fasst umbihichis the left hepane artery dnades ito 2 eronsal

branch to the scgmentum cramo dorsale lobt suustr, i 1
caudal ane to the segmentum ventro caudie Job sinsstr The
right hepauce artery gives off the cystic wtery and just before
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Fig 5 The three of the Gl system )
1 bile duct hepatic artery 3 portal vein
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are imyected

Fig 30 Dorsal 1 pect ef specimen 10 v hich 1 e ducts (whute) antlefi § epanc a tery (dark)
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entering the body of the liver, or at the nght margin of the
port hepatss, it usunlly bifurcates into two branches, one
directed Intero craminlly, the artenin(fobi)dextrs, and the other
dirccted Iatero ciudally, the arteria paramedialis dextra

The pattern of division of the bile ducts 15 generally fairly
sumular to that of the artertes The left hepatic duct 1s composed
of a ductus cramlis lobr siustr, onginating 1 the dorso
cramal left Jobar segment, which jomns the ductus caudals lobs
simistrn ventral to the curvature of the left portal vein, recerving
one duct from the left paramedian lobe and 2—-3 ductules from
the caudate lobe The nght hepatic duct 1s usually composed
of two bile ducts The first druns the right lobe and 1s formed
by the confluence of the dextro cramal and dextro caudal
ducts, which together form the right lobar duct The second
drams the nght paramedian lobe They umte at the hilum,
usually outside the body of the night liver at the nght margin
of the porta hepatis After 1ts junction the night hepauc duct
receives a variable number of minor branches from the caudate
lobe and then joins the left hepauc duct, thus formng the
main hepatic duct After its junction with the cystic duct 1t1s
called the common bile duct or ductus choledochus, which 1s
located laterally to the portal vein

In concluding this chapter we can say on the basis of a
comparative study of the hilar dissection with the injection
corrosion specimens, that the two Ghssoman pedicles, whichcan
be 1dentified 1n the former in the night hilar area, are 1dentical
withthe nght paramedian lobar and right lobar structures

Moreover the Ghissoman pedicles which can be dissected
m the left hnlar area, as well as the umbilical fossa, are 1den
tical with the different segmental structures of the segments
Ppreviously described

Every lobar or segmental pedicle can be dissected n the
left hilar area and the umbilical fossa except that for the
ventro cramial part of the left paramedian lobe



Chapter IV

VARIATIONS IN THE STRUCTURFS
OF THE GLISSONIAN SYSTEM

The first part of this chapter will be concerned with the varn
tions wiich occur in the structures of the Ghssonian system
outside the liver, and more especially with those found 1t the
hilum of the liver Wherever possible, our findings wiil be
collated with the data pubhshed m the literature, but this his
not always been feastble on 1ccount of the fact that i some
respects we have found 1t necessary to depart from the conven
tronal approach to the matter, mamnly because, m the pre
ceding sectron, we adopted a certan classification 1nd nomen
clature not wholly 1dentical with those used by other mnves
tigators, notably Healey ef 2/ and Comnaud This s not to sy
that we are less aware than they of the importance of these
vartitions to surgery and that they are undoubtedly fictors to
be rechoned with 1n surgical mtervention

The varations of the different structures will be dealt wath
systematically for cach mdnadual stuctire our um being 1o
define certun patterns into which the \anous structures fall
At the hilum of the lixer in relation to the Jobes and segments

drained or supplied by them

Blood 1s discharged from the stamach, pancreas, miestnes
and spleen 1nto the portal zemn, which 1s composed of the follow-

ng vesscls
The 1¢na coronana simstra, which runs alongside the lesser

cunature of the stomach near the artersa gastric smustry As
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On the evidence of the abote figures 1t 15 clear that the site
of entry of the many branches of which the vena portic i
composed varies considerably

Glenard (1890) believ ed that bload s supplied to sarious areas of the Iner
from certamn sections of the spleen gall bladder pancreas and gastro.
mtestmal tract Infusview the left half of the hver recenes blood from the
spleen stomach duodenum colon descendens sigmord and pancreas the
right half of the I er being supplied from the remainder of large and small
guts Serége (19o1) Copher and Dick (1928) and Mermans {1046) ex
plamed this feature on the bass of the different separate blood currents
present side by side 1n the portal vein The localization of pathology m the
fiver of an or mal; nature { to the lner from
those organs which drain their blood +1a the portal vein has been Jinked
with this stream hined effect of the portal vein blood There are exam
ples in pathology which illustrate the fact that predictions as to where a
secondary lesion will be mamfested in the Iner are exceedingly precanous
Hence seen in this light the above vanations acquire a chimeal signifi
cance as well and show yet agan why 1t 15 often impossible to make any
such prediction (see Chapter VII}

The venous collateral circulation of the hver 15 far less ex
tensn e than what 1s gencrally regarded ns thearterial collateral
arculation, as will presently appear As far as the collaternl
circulation 1s concerned, we found anastomoses between the
intrahepatic branches of the portal ven and the subserostl
tiy vessels of the gnll bladder It was also possible to demon
strate anastomoses with the venous channels of the diiphragm
by way of the tnangular and coronary ligaments

As a rule, there 1s Iittle vanation to be seen m the distribu
tion of the vent portac at the lnlum of the hver The mostim
portant exception has already been noted by Rex, u. lh’l!l-
of the angn of the vena paramedialisdextra Inthe mayonts o
mammalan livers this vessel w1s found to anse from the
truncus simster venae portac, usually from the nght lnmk(m
humnn Iivers, but sometimes this vessel rose exactly 1t \\i
bifurcrtion of the venre portie communis of 3osp€Cl;"C"
dissected by Deve (1g07) 22 showed this vessel dennglrom
the nght trunk, 3 from the left and 5 from the bifurcrtion .

We found the following percentiges o our speesmens ia
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plymg the hiver as well as the site of diviston of the proper
hepatic artery

Von Haller (1764) and Hyrtl (1873) ported out that 1myec
tion of the aorta, following hgaton of the proper hepatic
artery 1n the hepato duodenal hgament, resulted 1n 1 filling
of a great number of munor 1rtenal branches running to the
llvcx"‘ These branches were called “artertae hepaticie accesso
f:lae Imtm’lly all these vessels were considered as arternal

collaterals” They were seen to anse from the aortn, superior
mesenteric artery, left gastric artery, night renal or spermatic
artery, right phrenic artery, internl mammary artcry, pericar
diophrenic artery, inferior eprgastricartery, etc (Henle, 1863)

Von Haller even thought that the artenra hepatica cces
soria ex mesenterica was always present “perpetua artena est,
quac ex mesenterico trunco omnntn prima (ad hepar) prodat”,
(“there 1s always an artery present which arses from the
mesenteric artery and goes to the hiver’ ), which was partly
refuted by Hyrtl's observation in zomjected cadavers of infants,
where he found this artery to be present thirteen times The
occurrence of the other accessory arteries was cyven less fre
quently observed

Hyrtl also observed that occasionally the 1ccessory hepatic
irtery may develop fo such an cxtent * dass sic normale Acste
der I eberarteric uberflussig machen und ganzhch verdran
gen' (¢ that they make the normal branches of the hepatic
artery superfluous and completely displice them } Tius s
rcadily comprehensible from the ontogenctic standpomt
Hence this vessel is an “aberrant hepatic artery

In over 240 cadavers Rio Branco (1gr2) found the existence
of one single hepauc artery in 59%, ansing 1n 55% of cases
from the cchac artery and 1n 49, from the superior mesenienc
artery Occrwsonally the nght and left rumi anse separately
from the various upper 1bdomml artertes, such 1s supcrior
mesentenc artery or left gastric artery  Rio Branco traced the
site of arigtn 1t the case of a double hepauc ariery, which
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oceurred 11 40% of lus dissections, and found a nght branch
ansing from the superior mesentenc artery n 10%, a left
branch ansing from the left gastne artery 1n 10%, areduphca
tion of the proper hepatic artery m 209, of his dissections

Henle (1864) described cases with three separate hepatic
1rteries, onc from the left gastne artery, the second from the
cochac 1rtery, and the third from the superior mesenteric artery
According to this author this s anation would occur in a small
percentage of all dissections, which was confirmed by Rio
Branco who found three hepatic arteries 1n 2% of his dissec-
tions taking the same ongin as described by Henle

The presence of these so called  accessory  hepatic arteries
has also becn descnibed by Haberer (1905) He noted that
their number, site of ongin and course arc varrable These
vessels occurred mn 329 of y5 dissection specimens which were
at hus disposal, sites of onigin mentioned are those previously
mentioned by Von Haller aorta supenor mesenteric artery,
left gastric artery, nght renal or spermatic artery etc etc

In our casts we were ableto confirm the obsers ation made by
Hyrtl (1873) and Healey ef ol (1953) that these accessory or
replacing artenes do not supply areas already recering blood from
the proper or the abervant hepanc artery These  atcessory  hepauc
artenies which enter the Iiver at the porta hepaus, umbihcal
fossa or occasionally at the dorsal surface of the organ without
entenng the hilum namely by way of adhesions between the
Iner and the hepato-duodenal hgament, the coronary and
hepato renal Lgaments are therefore endarterzes 1 the
sense ongmally descnibed by Cohnherm (1876) and do not
serve as collaterals m cases of occlusion of the proper hepatic
artery (Hyrtl, 1873, Haberer, 1905 Healey et ol  1953)

As regards the hepatic artenes anastomoses were occasion
ally observed in the umbilical fossa between the arteria para-
medialis simstra and the artena caudahs lobt siistrr usually
ventrally to the saccus or the pars sygittalis venae portae

Segall (1923) described numerous anastomoses between the
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intrahepatic branches of the hepatic artery nnd the phreme
artery These shunts, first observed by Cruseilhier (1867),
which pass vi1 the hgament triangulare et coronan 1o the
Irver and anastomose wath the arterial vessels in the capsule of
the liver, are vesscls of the 6th—yth order of subdnsion In
contrast to the accessory 1rtery, 1t has been reported that, alter
occlusion of the proper hepatic artery, these vessels, serungas
collateral channels, can maintain a compensatory rtenal
arculation (Haberer, 1905) after an mitial penod of 1 wech to
ten days (Segall, 1923, Markowitz, 1949)

In the hepato duodenal lignment, the proper hepatic arterny
15 situated on the medial side of the common duct, overlying
the portal vein Dissectron specimens show 1 vamble pont
of division 1nto nght and left hepatic rtery In most of the
specimens the bifurcation 1s 1n the portn hepats near the
border of the quadrate lobe Segall (1923), who myesugated
the location of the bifurcation of the proper nto right nd left
hepatic rtery, found the pomnt of divsion at the former sie
to be present 1n 40% of hus 55 dissections In Healey's 1 well
as our specimens the bifurction i this area 1s always situted
to the left of the mam fissure In 1bout 35% of Segalls spe
cimens the bifurcition was present between porta hepatis and
inferior margin of the quadrate lobe, and 1 about 25% 17
vanable pomt between snfertor hver margm and cochac aus

Both right and Ieft hepatic artery usunllv subdnide wte
two or more branches at the hilum Descomps and [ aloulne
(1910) gave the following percentages for the different nunt
bers of branches, which were visunlized at the hilum m 30

dissections

left hepatic artery
¢ branch 22
2 branches 36%,

right hepatic artery

t branch  4°
2 branches 26°%,

:
H 1oos "
: 6o N [






72 VARIATIONS IN THE STRUCTURES

The artersa hepatica simstra may diade m 1 number of
w1ys Among the fifty corrosion specimens 1 which we studied
the variitions presented, we found nine patterns where the left
hepatic artery divided i the hilum (fig 31)

The pattern usually encountered 1n our specimens 1s consis
tent with the situation as represented i fig 32 The left hepatic
artery 15 directed medially, overlying the pars transversahs
venac portac suustrae, and s the first structure encountered
during the left hize dissection It gives off a branch (dimeter
of the lumen 2-3 mm ) for the left paramedinn lobe, e, the
left paramedian artery, which can be followed extrrhepatically
to the umbilical fossa 15 1t runs along the medial surfce of the
sagittal part of the Icft portal vein trunk Between fhic ongm
and thic site of entry into the Iver of this vessel, 1¢ thraws out
1 branch, usually 2t the level of the cury ature of the left portal
vein trunk, this, running e a central cramal direction, 2lmost
immedintely dis ippears into the body of by er ussue, joining the
Icft prramedian cranal ven (secpg 88) It suppliesthecrimt
part of the left prramedinn lobe with wwterial blood Thesagettal
arteral branch, running along the medil rs e ais
surfree of the pars sagutahis venac portae
sistrac, joins the corrcspondmgwm ans
mg from the medial aspect of the siccus AW, Aep
before entering the body of I er ussue, after AH ey
which these structures continue therrintra w2y
hep e course 1n close proximity Distally
to the ougmof'the left paramedinn wrtery, theleft hepatic artery,
usually m the umbihcal foss, occasion-itly medinl to or ather
wisc dorsal to the portal vein divides into two branches, which
prss aither over or Iterally to the pars sgittalis These 1wo
branches the craninl and caudal feft Jobar arterses, joid the
corresponding scns nsing from the fateral aspect, the
curcature and at the saccus of the pars sagittalis pefor
tening the Ieft iser lobe, dus cn be vesutlized by massing the
capsule tlong the left Iner Jobe (sce fig 25)

Fig 32

¢ th
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The venae crxnules et crudles Tobs simstrn come into siew
At the ste where these sessels anse from the pars gt s
\venac portae, and 1re accompamed by the arternal branches

A modificition of this condwtion 18 shown m fig, 33, where
no distinct left hepatic artery appes to be present Tnstead
of thus vessel, three artenl branches wnise 1t the swme level
from the proper hepatic artery, wiich tagether supply the
hepar suster hese branches are the arterry paramediahs
ventrahs simster the artena cramahis and the arteen caudale

APy rers lob sinustnt {29,)
=t Another recurrent v anaton of the nor
mal pattern, which was encountered n
and

res 189, of the corroston specimens (Healey
sup el al  25%), 15 represented by fig 3¢
The left hepauc artery 1lone supplies the
Tobus sinister, this vessl is broken up into
an arterit cramalis 1nd an arteriy caudabs Tobr sivistrr 1 he
arteria parameditlis simstra ongiittes .,
AclS
distally to the site of ongin of the left
hepatic artery or left Jobar artery, as the
case may be, and therefore ought to be  *"&

2%
Fig 33

AL S
regarded as ansing from the nght hepauc anp
artery }[“

Amodification of this condiuion appears " 3

m fig 35 Apparently there ts no distinct left hepauc artery

avs All three branches anse separately from
rels
the proper hepanc artery (29,
s The other extreme as represented by
seis fig 36 shows that the left paramedian
Ay artery ss a branch of the most distal part of
éé’ . theleft hepaticartery which bifurcates at

the Jevel of the saccus into an artena
caudalis lobr siistni and an artenia paramedialis simistra
The artenia crantalis Iobs sinistr ongmates at a more prox:mal
pomt from the Ieft hepatic artery (P4,

W) (Healeyeral 35%)
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The artena kepatica simstra may divide 1n 4 number of
w1ys Among the fifty corrosion specimens ain which we studied
the vanations presented, we found mne patterns where the left
hepaue artery divided 1n the halum (fig 31)

The pattern usully encountered in our specimens 15 consis
tent with the situation as represented infig 32 The left hepauc
artery 1s directed medinlly, overlying the pars transversalis
venae portie stmstrae, nd s the first structure encountered
duning the feft Inlar dissection Tt gives off 1 branch {(dinmeter
of the lumen 2-3 mm ) for the kft piramedian lobe, te, the
left parimedinn artery, which ean be folfow ed extrahepatiently
to the umbihienl fossn 151t runs along the medind surface of the
sagutal part of the left portal vem trunk Betneen the ongm
and the site of entry 1nto the hiver of thus vessel, 1t throws out
1 branch, usually at the level of the cur ature of the left portal
ven trunk this running in 2 centeal eranl direction, 2lmest
immedintely disippears into the body of i er issue, yorung the
left paramedian crimal vein (seepg 88) It supphesthecraminl
part of the left paramed: inlobe with arterid blood Theswgttal
arterind branch, runming long the medind e

hea aLs
surface of the pars sagutths venae portre
simstrae joins the corresponding vein ans
ing from the medinl aspect of the saccus AW, Ae
. LS

belore entering the body of In er issue, 2fier M pror
which these structures continue thesrintra J2¥
hepatic course m close proximty Distnlly Fig 32
1othe ongin of theleft prramedinn artery, thelefthepatic wrtery,
usunlly in the uminhiend foss1 ocesionally medral to or other
wise dorsal to the portal vem, divides into two branches winch
pass eather over or Jaterlly to the pars siguttabs These two
branches, the crnial and cudal left lobar arteries jon the
corresponding veins wnsing from the Iteral aspeet, 1t the
curvature and 1t the saceus of the pars sagitahis before on
tering the left ner lobe  this ean be visualized by csing the
capsule along the lefit Iner lobe (see fig 25)
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The vennc crimales et cudales Jobrt siistr come 1nto view
at the site where these vessels anse from the pars sagittalis
venae portae, 1nd are nccompanied by the artenal branches

A modification of this condition 1s shown 1n fig 33 where
no distinct left hepatic artery appears to be present Instead
of tlus vessel, three arterinl branches anise at the same level
from the proper hepatic artery, which together supply the
hepar simster These branches are the arteria paramedialis
ventralis simister, the arterit eramalis and the artena caudalis

Avy rers lobr simistn (29%)

Another recurrent vanation of the nor

mal pattern, which was encountered 1n

aeis 189, of the corrosion specimens (Healey
Aupr el al  259%), 15 represented by fig 34
The left hepauc artery alone supplies the

lobus simster this vessel1s broken up mto

an irtena crantlis ind an artena caudabs lobt simister The
artena parimediahs simistra or

29
Fig 33

AP,

s
distally to the site of ongin of the left S
hepatic artery or left lobar artery, as the

AHa
case may be, and therefore ought to be Aerts
regarded as arising from the night hepatic Ay
artery 84

Fig 34

Amodification of this condition appears

m fig 35 Apparently there s no distinct left hepatic artery
Abs All three branches anse separately from

the proper hepatic artery (2%)

The other extreme as represented by
fig 36 shows that the left paramedian
Avp artery 1s 2 branch of the most distal part of
the left hepatic artery which bifurcates at
the level of the saccus wmto an artena
caudahs lobr simstni and an arteria paramedialis simstra
The arter1a cramalis lob: sinistr1 originates at a more proximal
pont from the left hepatic artery (8%,) (Healey et al  35%)

AL

»

2/
Fig 35
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The erterta Fepatica stristra may divade 1 2 number of
wavs Among the fifts corrosian specimens n which we studied
the vanatons presented, we found nine patterns where the left
hepaue artery divided in the hilum (fig 31)

The pattern usualh encountered i our specsmens 15 consts-
tent wath the siwanon as represented in fig 32 The left hepaue
artery 15 directed medially, overlving the pars transyersabs
senac portae simstrae, and is the fitst structure encountered
durmg the left hular dissection It gives off a branch (dameter
of the lumen 2-3 mm ) for the lefi paramedian lobe, te, the
left pasamedian artens which ean be follow ed extrahepaticalh
to the umbihieal fossa as 1t runs along the methal surface of the
samttal part of the left portal sein trunl Between the onmn
and the site of entry 1nto the hiver of this vessel 1t throws out
a branch, usually at the level of the cunature of the left partal
vem trunk this ruaning in 3 central cranal direcuon, almost
mmediateh disappears mto the bods of Inertissue, jouung the
left prramedian cramal ven (seepg 88) It supphesthecramal
pant of theleft paramedianiobe withartenal blood Thesagqutal
artenal branch running along the medial Pen

surface of the pars saguttals venae portae Fous
sinistrae Jowns the carresponding vemn ans-
g from the medal aspect of the saccus A%, o
before entening the bods of Inernissue after ‘_,::‘
whichthese structurescontinue theirintra :3‘:

w

hepatic courte m close proumn. Dustalh
tothe onmn ofthe left paramedianarters, thelefthepatcarten

usuatly in the umihceal fossa, oceastonalls medial to or other-
wice doral to the portal vern dinades into two branches which
pass esther orver or laterally to the pars sagitabs These 1no
branches the cramal and caudal Jeft Jobar artenes joun the
corresponding veins ansing from the hteral 1spect, at the
cunature and at the saccus of the pars sagittals before en-
tenng the lefi hiver lobe this can be visualized by inanng the
capsule along the left hyver Jobe (wee fig 23}
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The venae erantles et caudales lobi simstr come 1nto view
at the site where these vessels anse from the pars sagittalis
venne portae, and are accompamed by the arterial branches

A modification of tlus condition 1s shown in fig 33 where
no distinct left hepatic artery appears to be present Instead
of this vessel, three artenal branches anse at the same level
from the proper hepatie artery, which together supply the
hepar simister  These branches are the artenn paramedinhis
ventrihs simster, the arterin eramahs and the artenn caudalbs

APa lobn sintstrt (2%)

Aels
Another recurrent varation of the nor
mal pattern, which was encountered 1n
sers 189 of the corrosion speaimens (Healey
awpe ot al  25°) 15 represented by fig 34
The left hepatic artery alone supphes the
lobus simister, this vessel 1s broken up into
an arterin cramalis aind an artent caudabs lobi simstri The
arter1n paramedialis simstra onginates "

29
Fig 33

distally to the site of ongin of the left pets
hepauc artery, or left lobar artery, s the
case may be, and therefore ought to be  *"& Ac s
regarded as ansing from the nght hepatic A
artery 184

Fig 34

Amodification of this condition appears
m fig g5 Apparently, there 1s no distinet left hepatic artery
Avs All three branches anse separately from
AstLS
the proper hepatc artery (2%)
The other extreme as represented by
» ts fig 36 shows that the left paramedian
Avp artery s a branch of the most distal part of
the left hepauc artery which bifurcates at
the level of the saccus into an artena
caudahs lob1 simstri and an arteria paramediabis simstra
The arteria crantalis lobi sinistn ongnates at a more proximal
pont from the left hepatic artery (8%) (Healey ez al  35%)

2 /e
Fig 35
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AFs res s From the modification represented 1n
vs fig 37 1t apperes that the hgter m1y even

» ey TSC from the proper hepatic artery (2")
(s A modification of this condition s re

Awpep  presented by fig 38 Here the artert he
piticy sunstry supphies the lelt parimedian
lobe nd the ventro caudal segment of

the Ieft hyer lobe The craual segment artery Arises from the
nght hepate artery (4°,)

B%

Fg 46

Two rather unusnal sinabons are re- 72
produced 1n figs 39 and o, the wem et
¢aud s Jobt stustry anises proumal to the  ang
arterr cranbs (4%) (see fig 30) and fe s
fig 40 the artent prewmedinls simstrt 205 a
anses from the arterin craniabs obr Fe 30

stustre (4%)
Together these vanntions 1epresent 76% of oar corrosion

speamens In the other 24°, regions normlhy supphed by

Avy (333 Ar
Acks AeLs b
LYY And AW
TN\ A s Acrts Ats
an AW pe Anpe
&% 4 4% 4 5
biw a8 b 30 Fig 4o

the lft hepane artery dud not fill probably on ccount of the
fact that these arexs were supphed by accessory hepatie

arteries
In 14°, of the specimens the artenial bed of the heparsinuster

did not 6l up w87, the artenes of the feft fobe wete not
filled 1n 2%, the artenies of the Iefi paramediin labe remaned
empty (e 41)

Seserl patterns of ramifications of the rieht bepalic artenn cn
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s 1 rule be observed at the hilum In 86%, of the specimens
the arterial branches are located dorsally to the bile ducts
(Healey 87°%) and appear ns the first structures during atr
dissection In &9, of the specsmens (Healey  11°) they passed
i front of the ducts In 69, of the specimens 1t w1s impossible
to tell definutely whether they were situated dorsally or ven
trlly reltive to the bile ducts Distally to the division of the
nght hepatic artery  the different artenal branches jon the
corresponding vens In at lewst 229, of the speaimens the
right hepatic artery divided into more than two branches 1t
the lilum  however we could not ascertun defimitely 1n our

« 8 2>
hig 41

casts whether 1 further division took plice at the hilum or
mtrahepaucally For this reason we 1ssume that the further
dnisions take place intrahepatically

We distinguish three basic patterns for the division of the
nght hepatic artery r. the first charactenized by an artery
which without dividing penetrates into the nght half of the
hver the second characterized bv the division of the nght
hepatic artery into a nght paramedian artery directed caudo
laterally and a night artery directed cramo laterally finally
the third which represents the reverse of the second group mn
that the caudal branch 15 the artenia dextra mstead of the
arteria paramedialis dextra while the cramal branch runs
towards the right paramedian lob« ! (fig 42)

The first pattern 15 charactenized by the fact that the night
hepatic artery enters the iver undivided (8%,) (fig 43)
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Trequently 1 minor branch amses from the night hepaue
1rtery, but it appenrs to be 1 segmentalinstead of 1 lobar ar
ternl trunk

This pattern was encountered s such in §1% of the spea
mens In 109, of the specimens the minor branch appeared to
supply one of the segments of the lobus dexter 1z ,1n 6% the
c1udnl segment (fig §4) or a part of this segment (or clse ra
mufications of the vena paricystict) and m 2% the cramal
scgment (fig 45) In 29, of the specimens the night hepatic
artery without diniding 4t the hilum supphed the whole

Apa
AHd t AHd
Ane Aco LD
8% 6% 2%
Fig 43 Fig 44 Fig 45

nght half of the hiver minus the cranial segment of the nght
fobe which recess ed artenal blood from the left hepauce artery
(fig 46)

In 249, of the specimens (fig 47) a minor branch was seen
ansing from the nght hepatic artery supplying different areas
of the nght paramedian lobe, 1n the majority of spectmens this
branch had a considerable calibre and supphied the night para
median lobe almost completely

ARA b apa b
And At >\
:Z Aud
Iy 4 A P Ang A 3"
27/
244 26 /o
Fig 46 Fig 47 Fig 48

All the varations of the second group have one feature 1n com
mon namelv that the right hepatic artery divades right at the
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hilum 1nto n rtery directed caudo Interally, runming to the
nght paramedinn lobe, nd another artery, directed crimo-
faterally, runming into the lobus dexter

The totn} number of specimens 1n whick we met this con
dison was 46% (Heiley 5295) This condition, without any
further vanntions, was encountered 1 26%, of the spramens
(hg 48)

In 4%, 1 trifurcaton 1instead of 2 bifurcntion of the night
hepatic artery was found (fig 49) The brinch dirccted most
caudnlly apperred to be the artenal branch supplying the

dorsal fan’ arca, the mddle branch supphed the * ventral
fan area of the lobus parimediahs dexter, the cramal branch
supphed the lobus dexter

In 10°, of the spccxmens (fig 50) n arterial branch supply
mg the dorsal fan’ aret of the lobus parimedinbs devter
Arose even proximal to the site of the bifurcation of the night
hepatic artery

In 4%, of the specimens (fig 51) 1 branch supplying part of

APdaaf Ap ac

APd dorsal £ n APd ara
ARG
{r

And Amd s And
AD AD

4% 10% 4%
Fig 4y Fig 50 Fig 51

the caudal segment of the lobus dexter, namely the aret part
cyvstica w1s seen to anise proamally to the bifurcation of the

nght hepatic rtery 1 2% of the spea .p

mens (fig 52) from the arten pwamedr 272

alis dextra vs
A tlurd group of \antons though = e 2%
runorone constderg the number of cases be 2

encountered, showed the reverse pattern

of the second group the eaudo Iateral arteral branch, distal
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to the hifurcruon of the
nghthepatic arten, ippear
ed to be the wrtenn dextry,
nstend of the arteniy pawrn 7 M and
medinlis dexten (109, (fig
53 nd 54) In 2% of the
specimens 1 small artery was
scen to anise proximil to the ifureation of the nght hepane
artery supplying the area of ramificition of the vena para
cysticn (fig 54)

In only one spcamen did we find the lobus dexter supphied

Abe b AD

8/ 2%
hg 53 bg 5

A by an aberrant hepaue arteny ! (Gg 55)
Ad  \While studymg the hiterature, both Hyril
Are and Rex were struck by the great number of
2% vanations occurning in the ramufications of
Fig 55

bile ducts in mummahan Livers, which at that
tume accounted for 1 confusion 1n this field throwing Hyrtl
1nto such despaur that he wrote  Man verhert allen Bucher
glauben und alles Vertrauen auf den Werth von Citaten wenn
man auf solche Unnchtigheten stosst  Rex noted the cause
of this confusion  Diese Verwirrung beruht lediglich in dem
emem Umstinde dass soviel ich ersehe, mest nur ein Thier
dem Untersucher vorgelegen, dass ferner aus dem Grunde
dass man sich mit einem gewonnenen Bilde begnugte auch
die Erkenntruss der manmgfachen Vanabilitat der Verastlung
der Gallenwege versagt bleibt  { This confusion rests entirely
on the fact that as far as I can see most of the research has
been done one ammal, and further on the fact that theresearch
workers were content with the conception they had formed of
1t This has made 1t impossible to acquire a knowledge of the
great varabihity of bile duct ramfications ) To a certain
extent the same apphes to the division of the bile ducts of the
human hiver

Rex mnferred the existence of three hepatic ducts from his
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corrosion speaimens, 13, 1 nght, left and muddle duct

Among those who have studied the topography of the bile
ducts were E Ruge (1909) m 43 and Johnson and Anson
(1952) 1n 35 Iivers from which the hulum was dussected Ruge
found 2 ductus hepaticus communts 1n 32 specimens nismg
from 1 nght and left hepatc duct In 5 specaimens he found
the ductus hepaticus communms deriving from three, and three
times from five hepatic ducts He also reported the absence of
any ductus hepaticus communis 1t all i three specimens
owng to the fxct that the cystic duct discharged 1nto the nght
hepatic duct Ruge further noted that, where the ductus
hepaticus meduus was present, 1t often issued from the quadrate
lobe (namely, 1n five of the mine cases!)

In 35 livers Johnson ind Anson (1952) found that one to
two ducts ‘joined the point of confluence of the mun Ieft 1nd
nght ducts’ 1n five specimens  These tributaries proved to be
of fir thinner calibre than the “main ducts* A further com
ment was that the bile ducts are the most ventrally situated
structures as a rule 1n the hilum, and are by no means casy to
dissect

Extrahepntic bile ducts have been described 2t other sites
besides the hitum, 21z, the so called aberrant ducts (I errun
1753 hiernan, 1833) They are most frequently found m the
connective tissue round the mnfertor vent cv, the coronary
Iigament, the left cranial margin of the Iner, 1n the umbihienl
fosst 1nd the hepatogaste igament It 1s possible that ducts
of Tuschkr (Raport & Hromada, 19,0) aresuch ‘tberrint”
hepauc ducts They communicate with the intribepatie duct
system nd my be opened durning uppes 1bdominal surgery

Raport ef al teported two wnstances in which vagotanzy was comphicated
by cholerrthagia due to opening of one of these ducts They are absent
i the foctus and chuld theie number ncreasing with advancng age

Raport ef al regard these ducts as intrabepate ducts which have been
presenied following reduction or atrephy of Iiver twuc and have thus

become extrahepatic
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Fig 0

the pars sagma\\s venac portac a pranch
from the cramal termtory of the lobe jorns 66%
thus duct Fig 57
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We found this condition m 66% of our specimens, Healey
etal m 67% of his casts Occasionally, bile ducts were seen to
cross over butween the segmentum caudabs lobs stmustrt and

™ the caudal arer of the deft parimedian

DelLS lObC
o A umon of all three ducts 1t one site ws
perts  found in 4% of our specimens (fig 58)
49, bhe A union of the ductus parimedihs
Fie 58 simster and ductus crudabs lobt simstrs
takes place at the level of the swccus m

169 of our specimens (Henley efal  25%) (fig 59)

A union of the ductus lobr simstrr ind ductus paramedialis
simster 1t the site of junction with the right hepatic duct oceurs
1 4% of the specimens (fig 60)

bPs
oid ben beis bPa beis brs bels
DHd
Berl s D“%n«u BH: be s
DHe on sHe
16% 49, © 4%
Fig 59 Lig 6o Fig 61

The presence of the left hepaue duct was not definitely

establistied 1a 8%, of aur specimens
It 1ppears that the ductus Jobt sinistri enters the common

hepatic duct proximal to the ductus bPs very
paramediahis stmster in 4%, (fig 61)
In 4% of the speaamens the different na{ be 15
nle ducts from the nght hver hall enter e
the ductus lobt smistrs before joiming 4%

by 62

the Ieft prramedian duct (fig 62)

The varuons 1t the site of discharge of the hepane ducts
comung from the nght kalf of the Iner were arringed in three
groups, cach of which was subdinaded
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In the first of these three groups the right hepauc duct 1s
composed of 1 eranil nght duet and 1 eqdnl nght parame
dian duct, i the second group the arrangement 1s preasely
reversed and an the tinrd the junction of the two lobar ducts
s already tahen place itrahepaueally (fig 63)
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29 29 2 . 4%
Fg 63

In 54% of the specimens the night hepatic duct 1s composed
of the two lobar ducts i that cranially located from the
lobus dexter and the caudal duct from the lobus paramediilis
dexter The condition without any further variations was en
countered 1 34% of the specimens (fig 64) In 6°) of the

o



84 VARIATIONS IN THE STRUGLTURES

speaimens these two ducts umte with the left hepauc duct
forming the common hepatie duct {fig Gs)

In 2% of the specimens the ductus dexter enters the com
mon hepatic duet, hence there 1s no night hepatc duct The
ductus paramediahis dexter jomns the Ieft heptic duct (fig 66)

Drde t
bR bPe
DHgn SHe
bH
132 de t oud OHd
1 bp
34%
6% 2%
g 6 Fig 6, Fug 66

Morcover, 1 one specimen the bile of the erimAl segment of
the lobus dexter 1s dischirged into the left hepatic duct!
(fig 67)

In 8% of the speaimens, Iikewise without the night hepanc
duct, the ductus parimedinhs dexter jouns the Icft hepatie duct
to form the common hepauc duct, while the ductus dexter
enters the left hepatic duct (fig 68) In one mstance 1 duct

brd DPddors \f
Nam LN ows ”‘X
SHa \Q_ on
a4 o
DD\‘/ og/ DH Iy Y
29 8% 2%
ke 67 Fig 68 Fig 64

from the dorsl fn ren jomed the nght hepane duct distally
to the point of junction of both lobar ducts {fig Gg)

A sccond pittern, m which the ductus dexger 1s located
crudAlly to the ductus piramedidis dexter 13 only scen in 6%
of the spectmens (fiz 70)

A third pattern, encountered 1 38¢, of our speaimens s
that in which 1t proves difficult to visuihize both lobar ducts
at the ulum 1ts juncuion therefore 1s considered to he intrt
hepanelly The mght hiepae duct Tawes the lner At the
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nght lar margin Segmental or terntorial branches may
Joun the nght hepatie duet extrhepaticadly
In 129, of our spccimens 1 duct ¢n be recogmzed joining

BPdet wt iFn DPdd saf
poet
oM Pre DHa ¢ pra sHa
DPde t de b
0% 12% &%
fir o 'S Fig 92

the nght hepauc duct wineh druns the  ventral fan area (fig
71), 6%, 2 distinct separate duct drunsthe dorsalfin aren
(fig 72) In 6°, of the specimens two ducts can be visualized

o re prd brd

foar af af df
bua
Ora tH bHd
T
6% 29 29
Fig 73 Fig 74 Fig 75

enterimg the right hepatic duct at the hilum the proximal one
from the ventral fan area of the right parimedian lobe the
distal one from the dorsal fan aren (hg 73)

>
° dHa
ona
vpa ohs
oHa aF N
oHa bHE by -~
owa
DH comm
2/ 2% 2%
Fg ,6 Fig 37 Fip 78

In 29%, of the casts these two ducts yoin the common hepatic
instead of the nght hepatic duct (fig 74)
In another 2%, two ducis from the dorsal fan area and one
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duct from the segmentum cramnle lobt dextn Jomn the nght

hepatic duct (fig 75)
In 2% onc duct druns the rea prracystica (fig 76), while
1n another specimen two ducts on the right jomn extrhepanc
ally, both druning arcas from both lobes

oHg (fig 77) Morcover in 2% 1 ductus devier
>\uua and 2 duct from the dorsal fan arch
vd scparately enter the left hepatic duct

4% (fig 78), wnd 1in 3% the ductus dexter

Fig 79 Jotns the right hepatic duct (fig 79)
Up to the present, we hive been concerned solely with vana
tions that are to be observed it the Ailum of the Iner and 1t will
have become clear that the extent to which the ranufications
ofthevarniousstructures of the Glissonansystemcan be followed
in the left hulum s far greater than in the nght hilum Accor
dingly, we had no difficulty in discovering how 11l the lobes
and segments re artersally supplied 1n the lgft half of the iver
and how these arens drain thar bile, with one exception, 2t
the ventro cranil region of the left parymeditn lobe The
varous structures of the Glissonian system 2t the hilum cannot
be rendered vistble i this part of the Iner as they ¢noin the
rest of the left hver

We have already ascertuned m the right half of the ver
that the sena paramedinhs dextrr and the vent dextr1 en
be dissected at the lulum or its extension  the inaisurt dextra
Asrule the corresponding 1rtery and bile duct run along the
medhal side of the right paramedsnn yein, but thisvesselmny be
accompnied by several arteries and brle ducts, supplying or
druning diffrent arcas of the nght parimedinn lobe Tt s
then found that these arterses and bile ducts e usually plced
Interally andfor cranitlly and or caudally relative to the ven
and esther derve from or run to the nght artery or rnight

duct respectively !
Something stmilar occurs in 1 number of lners asregardsthe
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distnbution of the arteries and ile ducts supplying or drun
ing the two segments of the nght fobe  Afthough the natural
wference 18 that the two segments of the rnight hiepinc lobe
would be supplied with arterinl blood from the night artery
and would dewin bale vin the night duct into the night hepatic
duet, pparently this s not 1 mvanable rule

Lor this rerson we shall touch brcfly an these varations in
2 generil way not dwelling on individual vanations, s they
do not readily lend themselves to systematic discussion nd
any such wtempt would only lead to confusion

Lobus paramedialis simster  C ramal area

As has been stated  the vena portie branches for the ventro
cramal area of the left prramechan lobe cannot bevisualized at
the lilum This arca 1s usually supphed by several branches
(seefig 27,p 56) ongimung from the sagittal partofthe portal
vein generally from ats ventral aspect There 1s pronounced
anitomical resemblance between these venae parimedinles
simstrae cramales and the cramal branches of the vena para
medialis dextra in the night half of the hiver

In 25°; of the sprcimens the site of ongin of the man branch
15 at the ventral surface of the siccus i 3§%, 1t 15 between
saccus and cunvature of the left portal ven trunk 1n 259,
(28% according 1o Cownaudy), at the cramal pole of the sac
cusyentralis and 1n 5%, at the ventril surface of the curvature
This vessel (or after 1ts division 1nto branches these vessels)
runs (run) 1n a ventro cramal direction

In 35% of the specimens an additional branch 1s scen ans
ing from the medial surfce of the sagittal part of the portal
v on the cramal side of the vena paramediabs simstry
caudalis It curves ventrally and cramally into this segment
n 4% of the cases 1t nises straight from the concave side of the
bend running i a cramo ventral direction

Generally, one at least of the terminal branches of the venae
paramediales sinistric <audales 15 also directed c1amally
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Asfar 35 we ¢an Judge (for, to gne enrct percentages would
fccessiewte analysing every liver}, arterinl supply often takes
plice from the left pairimedian artery, though the vrevissome
times supplied from the arterin caudalis lobr sinustrs

Bile 1s drained 1nto the ductus pirimedindis sumster, but we
have found on several accastons that the bile duct runs strmght
to the adjrcent duct formed ventrally to the curt aturt trunct
simstry venae portae from the junction of ductus e1udalis 1nd
ductus crimahs Iobn stnistrr

Before proceeding to discuss the vanations of the Ghissoman
system an the right half of the hver, we should make 1t plun
that the division of the right paramedin lobe nto 1 cranil
and caudnl area 15 an ruficinl one serving only to fahitate 1
systematic treatment of this matter

Lobus paramedialis deter Crantal area

Portal 1etn Apart from some munor mndividunl vartions,
impossible to deseribe seprately, this area s in general sup
plicd by two tofour myor branches from the dorsal 1nd, by the
same number of major branches, from the ventrl fan, thor
direction 1s erymal, erimo lateral and cranio medinl

Hepatic artery The attenl branches, which accompang the
\enous branchics of the dorsal fanin ths aren onginten 80%
of the cases from the 1rterin parimediabs dextra and 0 189
fram the artert dextr, 1 2% from the arterm hepatier dex
tra As all artenal branches having 1 common coursc with the
portal vein branches of the ventry! fun anse from the arten?
parimedinlisdextry, wewcre tbletocompareour dat1 wath the
percentages found by Healey et al n 2 large number of ¢1ses
{70 casts) These quthors found 1n 87% of thar specimens tht
the craninl aren of the right pirimedsan lobe was supphed by
the artenn ynr'\mcdnlls dextrn and in 105, by the artern
dextr In one of therr eases, the Iatter Artery mses from the

Ieft hepatic artery
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Ite ducls The nie durts \ccompany ik the portt o
branches of the Jopat fanan this e cempty B of spect

mensinto the ductus \nrmtrdn\n dexter W 18, one or more
pranches open WO the ducius dextcer andmogh one of MOFC
pranches deuns 10 the npht fiepne oF common fiepic
dnet 1he nle ducts mrrﬂpm\dmg with the port WAaan b

ches of the \enteal fa empty 10 oo of the speament 1nto the
ductus ‘nnmcdnlu dexte? And i 27 wato the nght hepuc
duct

Jobus [vamm(dmlu dexter  qudal ared
Portal ran The pranches of the dorsnl 8 welt s of the sen
gral fan un cudaly tatert and medind direcions
Hepatie arteny 1he Artenl pranches correspon! g with the
pm'h\ oin pranches aof the dorst! fan prove w720 of the
cases 10 ongnate from the wtent p\r’\mcdnhs dextry, 1n 22%
from the Arten? dexurt and m 6% from the Ariena hiepauict
dexiry The artenl pranches Accompnying he branches ©
the ventril 0 Al arase from the arten? p1r1mcdn\\s dextrt
Healey etal found th1t the antentt supply of this 8¢ ment Wi
\i the arterit ‘nr\mcdn\ls dextra 10 867 OF thetr €18¢8 A
m14%0 3 the rtert? dextr

Bile ducts The Pile ducts currtspondmg 10 s et with the
portal vain branches of he dorst 110 cmpty 1® 72% of the
specimens 1010 the ductus p'\l"\mcd\a\\s deater 110 160, one of
more branches from this Ted opun i he ductus dexter and
in 12%, onc of more prwnches dram into the ductus hepaucus
These figures ¢ for the branches of the ventrl fan 98%0s
2%, wnd 0%

Tobus dexter

The venn dextrd pends 1 caudo tateral directson with a
curvature ranging petween 90 and 1207 ot

Vi’-ﬂai‘.\':\ma\\s fob dextn? Ar15€s nght at the cury atare runmig
n a cramio 1aterd) direction he tcm\mal part of the ven2
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dextra (ven caudalis lob: dextn) gves off a number of vessels
1 a horizontal direction paralle! to one another (venae mar-
gmnales), their werage number 15 four A vanable number of
vessels 1n cramal or caudl direction, the venae ntermediales,
may be present between the ongin of the vena paramedizhs
dextra and the curvature of the lateral vein The usual num

ber 15 anly one, however The vena mtermedinbis, Adjacent to
the right wall of the fossa cystica, has been named by us vena
paracystica

Segmentum crantale lobt dextn
{The figures between brackets denote the percentages found
by Henley, Schroy & Sorensen)

Hepatic arteries In 86% of the specimens the cramo lateral
artery anses from the artena lob: dextr (869%), 1n 695 (125)
from the artersn paramedmls dextra 1n 6% (29%) dircctly
from the artena hepatica dextra, and 1n 29 from the arteria
hepatica simstra

Bile ducts In 1009, of the cases of Healey ef al thus rer
druns nto the Internl duct This 1s not confirmed 1n our spect
mens In 88%, of our cases drunage takes place into the ductus
lob1 dextrr 1n 6% into the ductus paramedinhs dexter, 1n 2%
1nto the ductus hepaticus dexter and 1n 4%, nto the ductus
hepaticus simster

Segmenturn caudalss lobt dextrt
(The figures betw een brackets are those of Healey ¢ al}
Hepatic artentes In the majonity of cases, namely 92% (779%)
the segmental artery anses from the artersa loby dextry, 10
0%, (20%) 1t onginates from the artenn piramediths dextrn
and tn 8%, (3°,) from the night hepatic artery
Bule ducts In 869, (86%) of the cases thus scgment drains
nto the ductus lobr dextri, i 8% (109%,) 1nto the ductus par
medinhs dexter, 1n 42, (4%,) 1nto the nght hepatic duct 1nd

n 2°, into the common hepauc duct
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While we are well aware that the foregong by no means
covers il the vannuons linble to occur we do believe we hae
cnumerated the most wgnificant among them

Of the more erratic vanttons we might eite that described
by Kehr (1912) 12, that of 1 duct wiich lie s1w coming from
the night half of the hiser druming into the gall bladder or 2
more rueent caee reported by Norman (1950) of 1 bile duct
dermang from the nght half of the hver emprying nto the
ductus cysticus

Ifwe had to generahise we might st that 1s 2 rule Nature
repeats herself though the term  freak of Nature  witnesses
to the fact that she is capible of some queer vagares



Chapter V

THE HEPATIC VEIN SYSTEM AND
ITS VARIATIONS

Up ta the piesent, scant reference has been made to the second
system of mtrahepatic structures, which 1s composed of the
heptic vems The arringement of this system of veins 1s far
less comphicated than that of the Glissoman system while the
structures, themselves, are subyect to comparuncly fiw,
mostly minor variations We shall therefore devote this chapter
to 1 consideration of thesc structitres 1nd the varitions most
commonly cncountered

As was noted previously, Glisson (1651) was the first to
relnte the ramifications of the portal and hepatic veins in the
proper w1y, which appears from lus two dlustravons (fies 4A
and 4B p 10nd 11)

There are three myor vemns—imually ealled the * ram
primarn venac cwae  (Glsson) but later re named the

venae hepatiere —and several mmor hepauc vems, 2l of
which enter the inferior vent et It will be necessary to have
1 cler picture in our minds of the location of the mferior yvent
c1v1 an relaton to the Iner before we proceed to discuss the
senae hepancae, on account of thar close connection with

that vemn

The infersor vcna cava 1 located 1n a more or less deep groove at the dorso-
cramal surface of the Iner re  the sulcus or fosta pro verac cavae s
tuated 1n between the lobus caudatus on its left and the night ner lobe on
wts rright The vessel here runs in the bare Iner area in between the two
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leaves of the tnangulir higament namely the bgamentum hepatos
diaphragmaticum on the ventral and the higamentum hepata-renale on
the dorsad side A dhimal bgament the higamentum senae ewac holds
the vein i the fosa I the ventral Iner surfice s turned crannlly
and the nglt luner lobe then rotated towards the mud line  the mferior
vena enva presents atell against the doral wall of the abdomumal cavity
10 the night and alongude the vertebral column showing through the
conenng layer of mesentery  the so-called  caval mesentery  On incision
of the caval mesenteny Along thissvein thevewel comes intoview {fig t1oc)

The groove of tlis sein 15 clearly visible upon inspection of the
cotrosion specimens of whnch the Ghissoman system 2lone has
been ingected  Three opemings are, morcover scen 1t the
erimAl pole of the enst (see figs 12, 13 1nd 14), corresponding
with the three myyor hepatic vens, which leave the organ 2t
these points Al three are situated i the plane of the fissur
dorsalis These sites can 1kso be visuahized extrahepatically in
fresh iy ers after incision of the fleiform ligament t the point
where this structure merges into the tnangular and coronary
higaments (fig 80} This second hepatic gatewas will prove to
be as important to hepatic surgery s the porta hepatis!

The three rami Yeaving the organ 1t this  eccentrically
located portr  have been named sena hepatica dextrn, media
and simstry Next to these myjor hepatic vemns  a number of

minor hepatic veins  enter directly into the infunor vena
cna becoming visible after the mcision of the caval mesen
tery These vessels named by Rex  ventrales Memes Astwerk
comung from the region of the dorsal surfice of the lner will
be termed by us zenac hepaticae breves

Of the major fepatic verns the vena hepatic media 1ppears
to leave the organ shghtly to the left of the fissurt media For
this reason we 1mnally thought that the course of the vessel
was also to the left of this fissure (Gans 1954) but subse
quently chscovered that this 1s not so
After acaidental mnjection of the portal vemn under a igher press re than
usual the mamn branches of the major hepatic vetns were 6ll d v ath

plastic probably va the smusoids We were highly surprised to 5 e that
these mayot branches which were untted at the cranial pole by some plas
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Fig 80 Specimen of upper pole of the Iiner yeneral aspect

t venacavainfenior 2 venula hepatica sinistra cramalis 3 vena hepatica sinus

tra 4 venula hepatica sinistra interlobanis 5 vena hepatica media 6 vena he

paticadextra 7 venula hepatiea dextra cramahs 8 underside of diaphragmane
! fal ol

arch g I T
hepato-diaphragmaticum

tic that could not escape from the inferior vena €ava were lying nghtan
the sagittal fissures This was later confirmed 1n other casts

From these obsersations 1t transpired that the three myjor
vessels of the hepauc van system, or one of their rimi, are
located 1n the fissures desenibed previously, dividing the
flow bed of the intrahepatic Glissoman system nto 1 number
of lobes  The main branches of the hepatic vewn system take an wnter
lobar course! But the main branches of the venne hep rticae 1re
situated not only 1 the sagntally phced nterlobar fissures
(r1z  the fissura interlobans dextra nd simstr v and the fissury
medin), for at the same time the proximal parts of these three
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vem trunks lie i the fissurn dorsalis Hence an the crninl
section of the hiver these vessels lie along the lines on wiich the
mterlobar fissures interscet the fissura dorsths

W ¢ 1re therefore able to state defimtely that the fissure ob
served nd desenbed by Ruge in one of tus fresh hivers (1913)
(scc fig 81) renlly corresponds with the nght interlobar fissure,
beeause he defined 1t thus  *The Vena Hepatiea verlasst thn
{the nght lateral hver lobe of Ruge) am Dorsalende der Sub
stinzbrucke (between the  rechter Seten”™ and  rechter
Stammlappen ), se legt hier frer Zutage

The hiepatic vemn, located 1n the left mterlobar fissure, 15
seldom the venn hepauiea simstea stself, frequently 1t happens
to be 1 side branch of the left hepatc ven

Rexhadalready noted thatthes eni hepaucisimstradrained
the left liver lobe and the vena hepaticamedin thetwoterrito
ries which he indierted as * Astgeflolge der Ramus Ascendens
{corresponding with our lobus piramediabs ventralis dexter)
and lis  rechten Astwerk’ (corresponding with the lobus
paramedialis ventralis sinister) The vena hepatica dextra was
sad to drun the  Verastlungsgebicte der Ramus Ascendens
und Ramus Descendens (corresponding with our lobus
dexter) and rechtseiuger Abschmitt des Ramus Ascendens
which corresponds with the arca dorso-lateral to the fissura
intermedia this, again, corresponding with part of the  dorsal
fan area

He pointed out moreover that the proximal part of the
left bepatic vein unites with the proximal part of the middle
hepatic vein as a short truncus communs before entering the
infertor vena cava at the lateral or left ventro lateral wall
Though this 1s the usual occurrence we met mstances where
the two vessels enter the inferior vena cava side by side

Both Hyrtl (1873} who averred that the nght hepatic vein would enter
the nferior vena cava at a more cramally located point than the left
hepatic vem and Rex staung the opposite are substanually wrong
because the two vessels as a rule enter the vena cava at the same level
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The left hepatic ven usundly runs strught across the left bver
lobe It recenves 1 branch of vanable size from the left anter
fobar fissure, runmng ventradly to the pars sagittahis venae
portac This branch the cenula hepatica anterlobans simstra
cnters the left hepatie ven 1t the site where the latter leaves
the left liver lobe to take 1ts course towards the infersor sena
cunr Except for some small branches, pracucally no blood
from the left prramedian lobe s discharged into the left hepa-
uc vein A number of large venous branches enter the lateral
wall of the left hepaucyein butitisastnhing fact that practic-
ally no vessels enter the medial wall of this vessel in the area
of the left lobe (fig 82)

‘The most cramal branch to the left hepate vem, the renula
hepatica cramalts sinstra, runs parallel to the cramal left lobar
margin usually entening the left hepatic vein within the left
liver lobe Occasionlly, however, both enter the infenor vena
cava 1s a short truncus and 10 one instance we esen saw them
entenng the inferior vena cava separately

Abranchlocated morecaudally tothelefthepaticyemissitu
ated nghtinthe fissura intersegmentabs lobs simsint 1t s the ze-
nula hepatsca medsalis simstra, recening blood from both segments

To the night of the left mterlobar fissure the left hepatic
vein does not traverse thearea of the fobus paramediahs siistra
but follows a course 1n between the left paramedian and cau-
date lobe In this region after incision of the coronary hga
ments the vem can be dissected out 1t the cramal surface of
the lver (fig 8o)

Although the main branch of the tena hepatica media runs 10
the fissura meda at the site where this vessel leaves the centro
cranual liver pole 1t 1s Iocated shghtlv to the left of this fissura
As 1t enters the inferior vena cava, either umited with the
proximal part of the left hepatic vein s truncus commums, or

1s a distinct separate branch, the middle hepatic vein can be
dissected out 1t can, moreover be followed for a short distance
1n a retrograde direction before 1ts disappenrance into the Iy er
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Apphng ths technique we were able to 1n

branches indidually especially if the wfenior J‘c:r:al:x:\:eg(ix%c\cmom
toa short during the removval of the organ at autopsy This of murscn\f:‘
contrary to our normal practice which 1s to imject all these branches t 1l :
same time by way of the inferior vena cava e

Fig 82 Speaimen of hepatic vems Ventral a pect
1 Venaca amlenor 2 \enahepatica dextra g vena hepatica medha 4 vena
hepatica simistra 5 venula hepatiea anterlobans sinstra 6 venula hepatca
medialis sinistra 7 venula hepatica sinsstra cramiahis. 8 venula hepatica dextra
cranmalis g Hepatic venule from the cranial arca of the left paramedian lobe

Blood from both paramedinn lobes 1s discharged by 1 number
of venules mto this vein, which 1s forked 2t the distal end On
rire occasions one m1y find that the blood of the crnial part
of the left parimedian lobe 1s discharged by way of 1 separte
vain into the left hepatic vem, located to the right of the left

mterlobar fissure (figs 82 83, 84 wnd 85)
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Nearly all the venulie composing the vena hepatica dextra,
which 15 located 1n the night interlobar fissure, enter this vemn
atats Iateral or ventro Iateral surface In 2 few of our specimens
only the blood from the lobus dexter 1s discharged by way of
this vein, 1n other specimens a vanable 1mount of blood 1s also
carried ofT by this vein from the arca of the  dorsal fan of the
nght parimedian ventrallobe Asarule howeser the amount
of blood carnied off from the nght parimedian lobe 1s very
small in comparison with the part which 1s discharged mnto the
mddle hepatic vein judged in proportion to the number of
vessels The nght hepatic vein 1s the heaviest branch of the
hepatic vemn system  Contrasted with the lobus dexter whichis
usully the smallest Glissoman lobe 1 rather heavy branch,
the renula hepatica cramalis dextra, may, like the corresponding
branch to the left, enter the nght hepatic vein  occasionally
1t may enter the inferior vena eava shghtly cramally to the
latter but we very scldom found 1t to do so 1n our specimens

We differenuate between two groups of branches from the
venae hepaticae breves the first the venae hepaticae caudatae ongin

aung 1n the caudate lobe and usually as a definite distinct
cramal and caudal branch entering high up the ventral or
ventro medral vena cava infenior wall The second group con

sists of a vanable number of vessels of considerable size As has
been stated these vessels appear after incision of the caval
mesentery Two rather heavy branches come from the dorsal
region of the night lobe of the liver running superficially im

mediately below the hepatc capsule (fig 88) Ehas & Petty
(1952) described these veins in minute detail They called the
first which comes n laterally, the 1ena hepatica dorso lateralis
dextra namung the other corming dextro caudally which enters
the vena cava inferior caudally to the nght hepauc ven the
vena hepatica dorsalis Both the venae hepaticae majores and the

venae hepaticae breves fix the mfenor vena casa m the Iner
groove
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Whereas, normnlly, shunts are not detectable mn a portal
vein spectmen between the dafferent areas of ranufication, we
frequently found anastomoses between the ramifications of the
hepatic vemns as did also Fhas & Petty (1952)

Having considered the normal topogriphy of the hepauc

Fg 85 Heawly unted branches portal vein Fantly tmted branches hepatic
e entral aspect
— <« Portal vein branch with correspond ng artery

vemns et us return to the embryomc development of these
vemns Contrary to Mall (19o6) we mmagine that when the
two primary lobules meet the umbilical veins the proximal
parts of these vemns which are also mncorporated n the ex
panding liver tissue retamn their interlobular position unhle
the chstal part Hence the vein on the night becomes the vena
hepatica dextra and that on the left the vena hepatica sinistr s
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Chapter VI

SURVEY OF THE SUBDIVISION OF
THE I IVER

In this final chapter on the anatomy of the Iner, we shall
endenour to co ordinate the detals relating to the lobttion of
the Tiver set forth in the forcgorng with the intention of por
traving the orgin in 2 manner that will mtegrate the divisions
according to the Glissontan and vena hepatiea systems into 1
morphological wnd functional unity Tt will be plain from what
follows that we are now enterig upon 1 lighly controversial
subject

At the outset we based the internal subdivision of the human
Iver upon that fumihnr as the Ghissonn system 1 subdiv
sion which, up to 1 pomnt, was found to correspond to the
external division imunally submutted by Von Haller and Iter
chborated by Ruge and Dc Burlet wter ala

Guided by the strihing relrtionshup betwcen the two systems,
we eventually mapped out an internal subdivision of the ergn
on the hnes of the ramuficauons of those systems  Iis sub
diision turns out to comcrde partly with 2 diviston Iud down
1n the past by others

We make no clum to hawang uttered the J1st word on this
complicated matter The solutions suggested were conceved
1 surgacal chmate the predonunant umn the division being
to resect such areas as comprise the divisional regions of the
afferent as well as of the correspondmng efferent steuctures For all
that—and we wish to mahe 1 pomt of stressing ths before
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hand—we were not 1ble to adhere consistently to this disision
for ll the surgical procedures dealt with 1n this work

Our pont of departurc 1n this disiston of the orgin subject
to the two systems was 1 companson of the spaual mnter rela
tionship between the two mtrahepatic systems in the lobated
hacr of the dog, which was mitially njected to senve as a guide
m our expenmental surgery (sec Chapter VIII), and the
unlobated human Iner - -

Somewhat closer inspection of a dog s Iver will reveal cer
tain differences as compared with the human liver First of all
there are a number of visible fissures radiating from the
ferior margin at some depth towards the centre of the organ,
ging the liver a lobated appearance Secondly, 1t will be seen
that the penipheral ventro-caudal parts of the liver are less
soluminous than mn the unified human huver they consist of
large flat parts m contradistinction to the centre of the organ
which 1s far more bulky  Iinally, the distance between the two
hepatic gateways 1 ¢, between the porta hepatis and the point
at which the hepatic veins leave the liver 1s relatnvely shorter

There are also charactenstic internal differences Whereas
the port1e were seen to ramify mn the human hiver 1n all direc
tions except dorsally, the branching of both the vena portae
and of the vena hepatca 1s diginform 1n the dog s iver The
branches of the two svstems radiate like the fingers of a hand
nto the vanous lobes

In the flat thm, pernipheral areas of the liver the structures
of both systems run parallel and mn close proximty to each
other Towards the centre the two systems diverge iz, the
bile ducts with the corresponding structures of the Glissoman
system towards the hilum and the hepauc vens towards the
central cramal Inver pole Owmg to the relatively short
distance between these two gateways 1n the dog the distance
between the different structures of the two systems 1s usually
small yet Jarge enough to permit the two systems to interdigt
tate 1n the bulkier central part of the hver (figs go and g1)
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In the peniphery of the Iiver, however, the various areas of
rimification are identicl tn the two systems, which ccounts
for the sharp demarcation of those areas by fissures nd thy
Iobated appearance thus imparted to the organ ¢

Fig 00 Loerofades dorsslasgpect Light branches ¢f the hepanic ven Dark
branches of the portal vein

Without entering imnto the mduidul structures of the 1wo
systems 1n the dog s Iner we myy generalize by stymg that 1
charctersstic difference exists 11 the reluonstap beiween the
two systems 1s compared with the human hver
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druned by the left hepatic vein 1s restricted to that recevang
blood by way of the portal vein bed, corresponding wath the
lobus smuster, while the area dramned by the nght hepatic vein
consists almost entirely of the lobus dexter arer, moreos er, the
muddle hepatic vein drams nearly all the blood supphed vin
the ramufications of the portals emns of both parimeditnyentral

tobus
lobus caudatus caudatus
dexter sin ster

lobus
dorsacranichs
-==«, simster

4 tobus
~

ventrocaudalis
simster

N,

dexter

lobus
paramedialis
dexter

lobus
quadratus
sive
paramedialis
simister

Fig g1 Diusion of the dog s hyver inta ) bes yentral aspect

lobes The caudate lobe, 15 was scen, has 1ts own routes of
drunage, immediately into the mferior ven1 cna

Lp to the present, the lver has been duided rather ar
bstranly 1t might scem  according to the Glissonian system
Is this dinasion really an arbitrry one? After 1ll, we have seen
thatthisdivision correspondstoncertuncxtentwiththeexternal
subdision after \on Haller and Ruge Gersben & 1hns
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Racrnan (1833) described the lobule a5 2 mophologieal unt,
centred around the central vemn (hepatc ven branch) §a
bourin (1864) 1rgued that for the hiver, asa gland with extern
1l secretion, the morphological disision conscquently ought
to be 1bandoned and repliced by 4 functional um, centred
around the bile duct Bichat {1801) must hae hnown thus
argument, for he remarked that nature never would hiue
created n organ of this size for the sole purpose of producing
1 secretion of which the quantty stands far behind that of
urine Since Clwde Bernard (1877) pointed out that the
organ dernves its man importince from its endocrine func
tron, the drviston proposed by Sabourm has been completdy
discarded

Agun and agun vorces were rused ~gunst Riernn's
concept demanding a revision, as by Mall (190G), who ntro
duced the ‘portal umt” and recently by Rappaport o of
(1954) who mtroduced the ‘hepatic artery umt’, both ap
proaching the concept of 1 functional unit 1s onginally pro
posed by Sabourin

Stmilary, onc 1s 1ble to dinide the gross structures of the
organ in threewnys firstly 1 division based upon the segmental
distribution of the  funcuonal unie structures  (structures of
the Ghssoman system), secondiy, the division of the organ sato
areas of rimufication of the  morphological umt structures '
(hepaticseins) and therdly 2 division based upon thedistribu
tion of both functionil and morphological umt structures
(both ntrahepatic systems)

For our purpose, ¢, the rescction of parts of the Iner we
should, if reasonably possible adopt the third alternatise
subdnision sceng that 1 Inver lobe, according to this system,
not only has 1ts own Glissonrn pedicle at the port? hepatis
but 1t the same ume 1ts own venr hepanen pedicle it the
upper pale of the organ That lobe 15 therefore not only 1
morphological or functionl unit of the Iner, bty susgses!

one 1s well
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for the Ghissomansystem, namely thelobusdextro vesicals {our
Iobus parimedialis dexter), 2 lobus praeportabs {our lobus
paramediabs siister) and - fobus centrbs sinsster (our seg

mentum ventro caudale lobr stmstr1) The last one defimtely
belongs to the left liver lobe forall three ty pes of diviston How

ever, the fact that these mvcstigators at that ume approu

mated the true facts solely on the basis of 1 comparatne 1
tomical study of the external aspect of the organ, only m
creases our 1dmuration for thar work



Chapter VII

INDICATIONS FOR HEPATIC SURGERY

Before procecding to discuss the surgical implications of the
foregoing anatormcal findings, we would do well to consider
whether or not there exists any need for surgical techmques of
the hind

After studying the literature and the indications vahd for
classical hepatic surgery we find that the diseases of the liver
which may call for surgical intervention are so numerous that
1t will be necessary to set a limit even to the establishment of
mdications For the time being, therefore we shall consider
as mdicated for the new form of hepatic surgery only those
solitary pathologtcal conditions which are apparently maccess
1ble to any other type of therapy, leading, if untreated to the
death of the patient

There are to our mind, two reasons which make this limit
ation obligatory firstly because this new form of hepatic sur
gery 15 still 1n 1ts infancy and, secondly because this surgical
therapy 15 a form of radical surgery comparable to a radical
mastectomy an amputation and a pulmonary resection which
Iike these pracedures should he resorted to only wnder dire
necessity

In a study of this kind, personal preference must 1eyitably
colour a selection from the hst of pathological conditions
which will therefore no doubt incur enticism from some read
ers as being incomplete It 1s nevertheless our avowed nten
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tion to dwell only on the repercussions which ths new form of
surgery may have on the treatment of tumours and deep lacera

tions of the lver, 1 ¢, conditions which demand an operation 4s
the one 1nd only mcans, more often than not, of snung the
patient’s hfe Until more experience has been guned an the
new type of surgical treitment we cannot tell whether 1t 1
applicable to other pathologieal conditions s well

A NEOPLASMS OF THE LIVER

It 1s safe to s1y that, s 2 rule, the smaller primary hepae
tumours arc not dingnosed, being discovered only at 1utopsy
It 1s the larger tumours which cause symptoms 1nd onl)y 1
munonty of these are accessible to the kmfe, depending on
localisation, type of tumour and the stage reached 2t the ime
of the dingnosis

The bemgn tumours quahifying for surgical exploration and,
possibly, resection, e solitary tumours mamfested 1s m
upper abdominal mass, usually accompamed by mechinical
disturbances  The appropriate mahgnant tumours for this
treatment are massive, solitary tumours, resciling themselves
i the same way as the benign growths, with or without the
1ague signs and symptoms often associated with malignant
tumours, such 1s prostration, anorewr, Ioss of waight, weak
ness, gastric disturbances constipation, 1bdonunal pressure
dyspnoe1, occsiontl pun, etc

Because of ther rather nfrequent occurrence m the Wes
tern Hemisphere, solitary hepatic tumours e usually mis
1ahen for other conditions The differentinl dingnosis 1s
general mcomplete, duc to the Pt that htde s known ot
these neoplasms and operation s thercforc often postponed
until the condition has become tnoperable \Morcover, owing
to the unsatistictory method of hepatic haemostasis and the
problems nsing from cholerrhigiy, only few surgeons 1t
tempt eradication of 1 primary or secondary tumour, cven
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though tlus procedure mny prolongor evensave the patient shie

Howeyer, the new type of surgery, which enables the surgeon
to resect hver portions 1long relatively awascular and aductl
planes (the mnterlobar fissures, previously described), evades
these dangers ind will consequently stimulate 1 renewed interest
n hepatic pathology We shall therefore bricfly survey some
pthological fuatures of those hepatic tumours which are
amenable to surgical therapy

The following classification of primary hepatic tumours 15
followed (after Warv, 1945)

1) Hepatomas

a} hiver cell adenomns

b) hver cell caranomas with or without cirrhosis
Cholngiomas

a) adenomas of intrahepatic bile ducts sohd or cystic
b) caranoma cholangio cellulare

3) Cholangio-hepatomas of both liver cell and duct elements
4' Primary tumours of the hwver without speafic hepatic
clements (vascular, fibrous, adrenal rests ctc)

Hepato cellular adenoma, which 1s indistinguwishable macros
copically 1n its muluple form from nodular hyperplasia in
crrhosis of the liver usually oceurs solttarily These solitary
adenomata are prone to assume enormous dimensions, either
because of their gradual enlargement or because of ther
very rapid expansion 1 a comparatively short penod, a
pertod hable to vary from a few months to many years

Hepato cellular adenomata are always encapsulated, solit
ary tumours marked off 1n colour from the surrounding liver
tissue They are usually hght brown or a pale grey on wccount
of the lugh fat and glycogen content of the cells sometimes
these tumours are tinted by bile Coming upon them accident
ally during laparotomy the surgeon might easily mmistake them
for metastases i the hver

On examiming this tumour the histologist will generally find
that although the cells are somewhat larger and coarser than

2

=2
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the liver cell, they nevertheless strongly resemble 1t and that
the adenoma cells likewise present a trabecular arrangement

As Warv1 observed, adenomata are 1solated both anatomic
ally (by a capsule) and physiologically from the normal lner
tissue on account of the absence of the portal trads m the
tumour, hence the bile, which 1s sometimes produced by the
cells of the tumour, cannot be dramed

These, then, are the charactenstic features distinguishing
this growth from the lump seen 1n nodular hyperplasta, which
15 not encapsulated (Simmonds, 1884) and 1 which the bile
ducts do communicate with the rest of the organ

Adenomata are hiable to become so large that they give the
patient mechanical discomfort It 1s of supreme importance
to ascertam the rapidity of growth m view of possible malig
nant changes For, with reference to this hepato cellular type
of tumour, Deelman, Kaufmann and m1ny others have stated
that there 1s no cssential distinction between the comparat
wely bemgn (adenoma) and the atypical mahgnant forms
{cranoma)

In the bemgn hepato cellular type of tumour, the solitary
adenomn, the veins are not invaded but the bemgn character
15 due chiefly to encapsulation and transitional forms to adeno-
carcinoma occur n which there 15 1nyasion of v eins and mult
plication of tumours {Ewing) It 1s not surprising thercfore
to learn of cases in which the onginal diagnosis of adenoma
had to be revised after 1ts surgcal removal upon S“b“:l‘“m
metastazation (Von Bergmann, 1887, Wendel, 1911, Varads
1937, etc

If the cl)'lc’\psul'\lcd tumour 15 detected during cxploration,
a test exciston can serve no uscful purpose, on the Co"mr);-
1t may be injurious to the patient, because n the cse nl
adcnoma only muluple sections are cpable of ruling ov
malignant changes Accordingly, rescction without prehmin
ary biopsy 1s then indicated

en
We agree with Seneque and Aurousseu (1952) tht, &
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if the tumour 15 well encapsulated, st should be resccted with a
generous margin nd ot enucleated, for, m the event of mahg
nant changes, such s mnvasion of the vessels by the cells of the
tumour, mampulation 1s only too likely to provohe an em
bolism of the tumour cell

Though some mny disagree, we share Warvis view that

The mustihen 1dentification of adenoma s carcimoma
appenrs less serious in view of the mid surgical risk of explora
tion, which 1s justified 1n view of the rapid fatal prognosis for
untreated carcinomn

There are two distinct types of hepato cellular carcinoma, 21z ,
with and without cirrhosis of the iver Macroscopically we
differentiate between three forms solid carcinoma, muluple
growths without a disunct primary tumour and the diffusely
EIOWING CATCINOmMa

The great majonity of the hepato cellular types of malignant
tumour develop m cirrhosis hepaus, a disexse contraindicat
ing rescction It 1s a tumour of very frequent madence 1n
tropical and subtropical regions populated by backward
peoples  Bonne (1935) found that all lis Javanese cases of
hepatic tumours were hepato cellular cancers 1n cirrhotic
livers Bermuan s statement (1g50) that arrhosis of the iver 1s
always present 1s only related to lns matenial In collective
statistics of 893 cases of primary carcinoma of the Iver the
mcidence of cirrhosis was 67 2%, (Berman)

Of the tumours occurring i livers free from cirrhoss, which,
again can be subdivided into the multiple nodular type and
the solitary type 1t1s the latter which stands the best chance of
cure by surgery, despite 1ts rapid growth because the rest of
the Iiver 1s usually normal

This type of tumour, which 15 amenable to surgical treat
ment, 15 known under the names of ‘adenoma malgnum
(Ribbert, 1909, Cathala 1923) «cancer massf (Hanot
& Gilbert 1888) ‘primary massive encapsulated carcino
ma  (Warvi 1945), or carcinoma in the form of a single
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massive growth” (Nicholls o of, ¢ Warw) Its exact in
cidence 5s unknown It may grow out 1t 1y time during foctal
(Noegenrath’s case, 1854) and postnatal ife

According to Wanvy, this ty pe of tumour frequently appears
to arise from an adenomn, “and the leston exhibits all degrees
of change from bemgn adenoma with shight cancerous trans
formatton to highly anaplastie carcinoma

These gray, yellow or bile stained tumours, which are en
capsulated and/or project over the Iner surface, may reach
cnormous dimensions They m1y be bossed 1 1ppearince,
while the hepatic capsule overlying the tumour 15 gencrally
thichened, and, 1s mn the case dlustrated 1n fig 93, firm adhe
sions may be present between the capsule 1nd the adjcent
organs or diaphragm In cross scction the tumour mny be
found to be confincd to one lobe (fig 94), while its colour
varies from white to gray, yellow, or brownish red, the con
sistency 1lso varies greatly, depending upon the extent of the
degenerative changes In the tumour represented n fig 93 the
cross scct1on was Jobnlated

Histologically, the tumour cells may present v arious stgesof
dedifferentiation (fig 95) In the more benign forms, thesecells
usually resemble hiver cells more ot less, contammng 1 basoplule
protophsm They are arranged 1n trabecular formations In
the more malignant forms, the cells 1re arranged in aheolr
Iike formations and show lttle or hardly 1ny resemblince to
Inver cells Even the lnghly mlignant tumours m1y produce
bile, however

The tumour may increase considerably nsizen 1 reltne
ly short period of time In Eggel's series of 14 cases {1901}
exhbiting 0 hepato cellular carcinom? of the massive type
the durttion of symptoms ranged from 2 weeks to G months
The nerage 1ge madence of this 1y pe of tumour 1s the stho
6th decade of life even though some cncers of wfancy and
erly childhood of Damsics (1922) wnd Stemess {1938}
collectin ¢ reports belong to this group (fig 96)
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Fig 34 Same tumour as i T2 1) s cross sectinny
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Many authors have noted that males are predominantly
affected

This group of solitary tumours s usually of unicentric ongin
and 15 therefore sutable for surgieal treatment Several features
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Fig 9, Microscopists report of the tumour m fig 53 hepato-cellular cara
noma a capsule of the tumour

of this malignant type of turour are sull incompletely under-
stood to day The tendency ofhepato cellular cancers toinvade
the venous channels, 1n contrast to the preference of cholangio-
cellular cancers for the lymph channels, 1s one of the problems
(Herben, 1948, Seneque & Auroussean 1950 etc ), another
15 the fact that the tumour 1s usually situated 1n the vight lver
lobe
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Confidence has for long been pliced n the surgieal trent
ment of the disense, as 1s clenr from many reports m the hitern
ture, but,ouing to the nish attached to the surgical procedure
atscll, the high hopes entertained have in the ultimate seldom
been realised, notwithstinding some specticular results such
a5 those obtuned by Wendel (1911), Brunschwig (1947,
1953) etc

There are some other lesions which may occur 1n the liver 2t
any 1ge of ife They may either give nise to mechamentdistress
on 1ccount of therr size, or be discovered incidentally during,
let us s1y, laparotomy, when they may be mistahen for primary
or metastatic carcinoma of the iver Such tumours include the
second group distinguished by Wnarwy, 11z the cholangtomas

Ve need only touch briefly on the cholangiomas which are
cangenital tumours of the bile duct epithelium, as they are far
less frequent than the hepatomas Seldom sohd, they are usual
ly cystic through the accumulation of mucus, which causes
them to grow to an immense size These tumours, which never
produce bile usually cause trouble at an evrher age than do
adenomas They may bebenign or primarily mahgnant butde
generation to malignancy 1s also known though less frequently
than 1n the case of hepato cellular adenoma degeneracy of 1
cysticcholangioma has forall that, been reported (Willis 1943)
Cholangio cellular cancers are far more rare than hepato
cellular carcinoma, they represent about 1/5 of all the pnm
ary mahgnant tumours of the hver

Microscopically the tumour is charactenised byitsglandular
structure and an abundant dense, relatiyely avascular stroma

Its chimcal prognosis 1s even more rapid than thit of hepato
cellular carcinoma

The following tumours t2z those primary tumours of the
hver which Warwi classifies under groups 4 and 5 have only
one common feature, that of probably origmating 1n 2 congen
1tal malformation of tissue
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The nature of the embryomc Iiver tumours or hepato-blastomas {Willsy
15 determuned by the stage of development duning foetal hfe 1n which the
cangenttal malformation arose and the Lind of tsue components m
fluenong, the growth

If there are tissue components completely foreign to the organ {group 5
of Warvi} these heterotropic tissues may be asranged organad struc
tures chonstomy (Albrecht 3904} Chonstomas are growths which myy
derive from these

Heterotrope tssues without an organoid structure such as epidermond
epuhellum bone carulage stnated muscle are called teratamas

These types of malformatian probably arse atan carher stage of devel
poment than these described an the following paragraphs

If heterotropic tissue 13 absent homologous tissue components (group §
of Warvi) may berome wsolated 1n such a way that anatommeally or phy
wologically they are no longer mcorporated 1n the normal structure of the
organ If we arc dealing with 1n  ahnormal ruxture  of several homalog
ous hssue components this condition 13 usually mdicated as bamany
{Albrecht 1gog) when they develop we cali them hamartomas  fhis
group comp the ct hepatomas

Malformations caused by one homalogous tissue component may be
divided—though oce Hly no sharp d; can be made- mnto
areas salely posed of one of the epithelial structures which are hable
to develop into hepitoma and cholangioma and those showing a prepond
erance of one of the mesenchy mat dernatives winch are habie 10 develop
nto | g and lymph

Naturally enough the termnology suffers  good deal from
confusion and 1t was for this rewson that we thought it would
be useful to go briefly through Albrecht’s formulition

Some tumours remos ed 1t operation, such 1s those reported
by Ladd & Gross (1941), Beason & Fenberty (1942}, Ice
(1942}, Patton {1948), etc, 1l m wfants and jourg children
were deseribed as hamartomas, but were essentially teratomns,
comprising, 7s they did, bone, carnlge nd the tihe lhese
tumours as a group, e seldom potentiathy mihignant and
the number of reparted cases of kerato carctnomas {all mn young
cluldren), namely by Shifosovsh {(1896), Plalipp (1908},
Hippel (1910) Yrmwma (xgi1), Castle (1g14), Shechan
(1930}, McRne (1935) 1nd Roth {1938), are fon

The casc reported by Iee (1942) of 1 tumour woighing
4} pounds remored from a baby of 13 months, testfics 1o the
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ed off from the parenchymn by 1 capsule, or project from the
sarface 15 1 peduncultted mass  The duffisse form 15 rarer
These tumours 1re often observed sn the Joft hver lobe, oc
cwwonally m assoctation with anglomas in other argins The
smlfer ones ar acadental findings at autopsy, they myy even
distppear spont weously from thrombosis or nfiimimtion,
only leaving some scars When these tumours develop, they
may ncrease slowly n size with the age of the subjects
(Ewing, 1928) If they become very Irge, they e prom
to burst, crusing interperitonenl haemorrhage {Hendneh,
1938)

The few cases described 15 mdignnt hremngto wndothdd
1om1s san an extremely rprd fitl course (Hastine Jimes
1919) The question 15 stll open for discussion whether the
occurrence of these tumours elsew hiere should be regarded
metastases, or only 15 1 mamftstaton of the multicentrie
ongin of the tumours (Willis, 1940)

Rare as pnimary tumours of the Iiver tre, solitaes heprtic
tumours amentble to surgicnl therapy are more infrequent
sull The 1ction called for in the case of 1 prtient sulfening
from 1 solitary tumour of the finer must depend to some cx
tent upon the oircumstinces Both biapsy and enucluthon of
the tumour are contrr indicated in the wvent of raped growth
1 comprassely short pertod The future m1y possibils bring
1 more sharply difined set of mdicitions but, for the ume
bring uide resection 15 aduisable w ¢ ery patent 1n a good gener il
cordiion who eshibets a rapudhy growns hepatic tumonr

Vetastatic tumours of the luer

1 archos’s rule (1888} 10 the effcct “dass fast alle diggenige
Organe welche eine Negung zu protopthischer Geschwulst
bildung zeigen, eme schr gennge Noigung 7 metastatischier
darbieten und umgehehrt ' { that almost 2l organs susceptible
ta protopthologicit growths exhibit sery httle tendency o
harbour metastases, and wce versa”) s cerrundy not without
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relesance to tumour pathology of the liver As will have
appenred from the preceding brief review, primary hver tum
ours 1re rare mn our part of the world

Secondary nfestition of the lner, however, 1s 1 quite
common occurrence, cither by direct extension of the tumour
growth 1s m cancer of the gall bladder, colon and stomach, or
by way of the blood channels

In Walther s series (1948) of 20660 utopsies the inct
dence of primary cancer of the liverwaso 26%, that of second
1ry tumours 4 7%

The dence of Iner metastases 1 the various types of
cancers as found at wtopsy (Phihipps et al , 1954) 1s for cancer
of the breast 50%,, for cancer of the bronchus 409, for cancer
of the stomach 409, for cancer of the colon 45% and for
cancer of the ocsophagus 25%,

In a given case of cancer of the hiver m a man, the probabil
1ties are 209, that it 1s from the stomach, 209, from the intest
me, 14% from the genito unnary tract and 14%, from the
other digestive organs In a female the probabilities are 209,
from the breast 189, from the intestines 13%, from other
digestive organs 16%, from the uterus, 12%, from the stomach
and 7% from the genito urnary tract (Setterlee lc An
derson)

These figures show that the majority of metastases in the
hiver derive from those organs which dramn their blood 1nto the
liver via the portal vemn

On going through 1200 unselected autopsy reports we
found that the diagnosis of malignant tumour was made 165
times 64 times of which pertained to an organ draming its
blood mto the liver by way of the portal vein Fifty of these
64 cases showed distinct metastases 1n the ltver (789)

Schroeder van der holk (1853) was the first to point out
that the Iiver 15 usually the first organ nvolved by tumours
of the gastro intestinal tract pancreas, and gall bladder by
mvaston of tumour growth 1nto the peripheral branches of the
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portal ven This 1dea has recently been re introduced mto
oncology 1s “portal vemn tvpe of metastazation’ by Walther
(1948) and Wicberdmi (1950)

Serege, and later also Wassinh (1915), Copher & Dick
(1928) and Mermans (1946), tried to explamn the localtzation
of the pathological process m the Inver

Serege, who propounded the theory of “le double courant
sanguin a [mteneur de la vane porte’ (the double blood
stream nside the portl vein), noted that les ondes sanguines
de la grande mesenterique et de la splemsque, obeissent chaque
a son propre courant Elles se juxtaposent et chemment cote a
cote, parallelement a [a paro1 de [a vetne, sans se confondre
scparecs par unc barriere hquide virtuelle qui s'oppose 1
melange des deux sangs  (the waves of blood 1n the superior
mesenteric and splemc veins follow cach their own course
They are jJuxtaposed and travel side by side, parallel to the
wall of the vein, without minghng, scparated by 1 hquid
barrier 1s 1t were, which prevents the two bloods from
mixing)

QOrgans discharging their blood into the supertor mesenteric
vemn would metastasize to the nght those by w1y of the splenic
and mferior mesenteric veins to the left half of the hver be
cause of the strcam lined cffect of the portal yven blood
Though these observauons would appear to be probably
correct 1n the man, they do not take into account the varn
nons occurring at the site of entrance of the tnibutanes com
posing the portal sein As was seen prcuousl) (pige G,), both
Douglss ¢t al {1950) and Gulfillan (19,0) prosed by theiw
chssections that the number of vanations 1n the composition of
the portal vamn are so many, that one cannot predict with
absolute certunty the site of all secondry deposits in the Iver

Therelore those (I efesre, 1€ ers) who
left hepato lobectomy, for cx ne .
every pauent with cirernom b0

2?)

far \Moreover LortatJacob
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rusection of the pars dextra hepats for gastric metastazation on
the nght nstend of, 1s one would expect wath Serege nnd
others, on the left half of the Iner

Henee s has been stated previously (see page 66), the exact
localisation of metastases 1n the luer can seldom be confidently predicted

I atc metnstases of carcinomn, following removal of the
primary tumour, m1y occur without local recurrence, 1s 1s
demonstrated by the cise described by Solomon & Kreps
(1950) of 1 pauent who mamfested a metastasis in the Iner no
less than 26 yenrs after undergoing sigmordectomy for adeno
carcinoma!

Morcover  spontancous disapperance of macroscopic
sccondary growth has been reported for the Iver after the
removal of the primary tumour, s 1t has for the lungs (Flet
cher, 1948) This ought to be constdered s 1 rare occurrence

Resecnon of solitary metastases 1n the liver together with
the primary tumour has been advocated (Wangensteen
1945 Brunschwig 1947 1953 ctc)

In many nstances howeser, 1t may be exceedingly difficuit
to determine with absolute certunty, only by palpating the
organ (espectally 1ts more bulky parts) whether one 1s dealing
with an wsolated metastasis as appears for example from
Golhghers senes of cases Of his 31 patients who had died
a few days after radical operations on the rectum and whose
hver did not appear to be invohved during the operation five
proved to have decp metastases 1n the Iiver (¢ Willis) An
hepatogram taken durning the operition may aid 1n grung a
conclusive answer (See Appendix IT)

It1s a fact that 1solated metastases may occur 1n the liver as
1 solitary metastasis or occastonally as a few nodules located
m one and the same area The number of these cises may
indeed be greater than 1s generally supposed In 10 patients
who came to autopsy with cancer of the pancreas one showed
an 1solated metastasis without further macroscopic evidence
of dissermnation while m 21 cases of cancer of the stomach 2
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showcd 1solated hepatic metastases, while 4 other cases showed
1 local regronal lymph node 1nvolvement next to these
Brunsthwigs statement (1948) that direct extension of
cancer of the stomach or transverse colon 1s 1mpossible on
account of the fact that Ghsson’s capsule “ts w effective bir
rier to mfiltration of malignant cells, and m most instances
actual mvasion of the growth through the capsule mto the
Irser has not occurred” applies only to the protective role of
the capsule 1gainst carcinomn of the stomach and the colon
The Ghssoman capsule of the fosst cystica, located m
between the gall bladder and hver, however, certainly 1s not
such an effective barrier as witness 14 cases 1 our scries
exhibiting carctnoma of the gall blidder Four of these pa
tients showed only macroscopic s olvement of the Iner with
out any further evidence of metastizition, threc others
cxhibited locl Iiver involvement with extension of tix. tumour
into the regional lymph nodes
Considenng that I am (1940) estimated the mortahity from
carainomt of the gall bladder i the Umted States 1t 6500
cases per annum, the urgency of extending the scope of surgeny
to this discasc wall be realised We have therefore long been
seching a method by which the early cases at Jeast of caremom?
of the gall biadder could be resected Before describing this
method, we shall discuss some features of the tumour el
The madence of cancer of the gall blxdder as found on the
total number of 1utopsy cases varies hetween 034% Jones
1950) and o 81% (Von Barencszy ¢t al , 1924)

The ncidence of gall bladder crcinom? on the number of
1utopsy cases m which crcinomt was the cruse of death
varies between 2 19, (Walther, 1948), 28% (Hlmgnorth
1935) 38% (Schornagel & Strwub 1954) 4 5% (lam
1940) 1nd 6%, (Grabam 1931) .

In Hyden s series (19,0) this discase was the sixth in the
arder of frequeney among the fital cases crused by earcind
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ma following immedintely upon carcinom of the breast

The madence of this discase on the number of operations
on the hiliny triet vanies between 083% (Vadham o af
1944) nd 3%, (Jankelson, 1937)

Carcinoma of the gall bladder affects women fir more fre
quently thain men Walther found the nadence 1n femnles
75%0y hufmann 879, nd Wicberdink 89%

Though reports e been published on exceptionally young
ptients e ¢ Bicnng s report (1946) on a 13 yearold gurl the
erage age for caremoma of the gall biadder was 65 years
(Walther s senes)

T'hc probable reltionstup between carcainoma of the gail
bihdder and cholchtiunsis was pomnted out for the first time by
Trenchs (1861) [he inadence of gail stones 1n gall bladder
ciranomn ranges from  65%, (Walther) to 93% (Fin-
sterer, 1932) Stewart {1931) found 30 cases with gallstones
m Ius senies of 43 gall bladder cancer patients {470%),
s compared with 16 4%, 1n the control senies The incidence
of cancer of the iliary tract in the cholehthiasis cases was
38°, and 0 4° m the controls The difference (3 4 +0 59%)
15 lughly sigmficant

Crump (1931) found convincing cvidence of the relatonship
betw een stones in the biliary tract and rdvancing age, he even
observed an madence of 0% for the 1ge groups past the
seventh decade

Walters and Sncll (1910} beheve that the madence of
carcinoma of the gall bladder has decreased since the intro-
duction of cholecystectomy for cholecystitis and cholehithasis,
especially after the perfection of the radiological methods of
diagnosts of these diseases

It 13 therefore an accepted fact that the most efficient
prophylactuic measure aganst the development of caranoma
of the gall bladder 15 cholecystectomy 1 mamfest or sient
cholehithuasis Controversy rages however between those who
advocate cholecystectomy as a routine procedure and those



136 INDICATIONS FOR HEPATIC SURGERY

who believe that the mortality of cholecystectomy 1s 13 lugh s
that of cancer on the basis of stones The latter figure vanes
between 2 and 5%, the former between 0 6 and 1 5% (St
burg & Garloch, 1948, Graham, 1931) This 1s sull 1 con
siderable difference in fuvour of those who defend rounne
surgery 1s 1 prophylactic method

Yet, m view of the Fct that in Stewart s seres, for cximple,
16 4% of a1l who came to autopsy suffered from gall stones 1
general effort to reduce mcidence of gnll bladder crcinoma
would 1mply prophylactic cholecystectomy n one sinth of the
population Becuse carcinomn of the gall bladder 1s munly
found 1n 1geing women, we therefore believe with Griham
(1931) and Schornagel & Straub (1954) that cholecystec
tomy should be considered 1n 1ll (long standing) cases of cho
lelithisis over the age of forty

After this brief discussion of the relationstup of gallstones
to carctnomn of the gall bladder, we must now deal with some
pathological features of cancer of the gall bladder

The sttes of predilection of cancer of the gall biadder are, in
order of frequency  the fundus (54%), the neck {19%) and
the wall Adjacent to the hver (27%) (Vadheim ez af ) How
cver 1t1s often impossible to determine the site of ongin pr
ucularly m advanced cases Crrainomn located in the two
last mentioned places, m particulir, i ade the lner 2lmost 1t
once 4t nutopsy the whole picture may resembile massne
carcinomatosis of the hver

Irrespeetive of the type, carcinomn originates ather i the
superfionl or 10 the decp epithelum of the gl bladder
According to F'wing 1t first appears 1s 1 pamllomatous pro
Iferation A flat induration or 1n eroded ulcer Tht pptio-
m1s may themselves have carcinomatous properties s cvident
from the three cases 1n which mahgnant changes were ob

served by Vadheim et ol '
There 1s 1 defimte correlition between the macroscopten
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appearance of the tumours and thar hustologica] compostion
In the cses with 1 preponderance of tumour stromn (sarr
hous) the tumours usunlly 1ppear s firm, stony, shrunken
masscs, with remnants of the gall biadder contracted over the
stoncs

The other type of tumour prescnts the ex1ct opposite, e a
lrge bully gall bldder usunlly adhenng to the adjacent
tssues aither by dhestons or by fistulous tracts It 15 soft 1n
consisteney and mostly dilated Microscopreally it s usually
1 medullr carcinomn because of the preponderance of cellular
over stromal elements

The first tvpe of tumour charactenzed as 1 shrunken mass
1sof 1 firm occasionally stony hard consistency Histologieally
this tumour usuilly proves to be an 1deno carcinoma or a
carcmnoma  a cellules independantes

Duc to metapt portions of sq cell car may
be present next to the gland like tissue 1t predominates only
mm 1 small number of cases According to Griy tnd Sharpe
{1941) plano cellulr erreinomn accounts for about 4 59, of
gall bladder carctnomas remosved surgically

The second type of tumour soft and bulkby 1n character 15
of a rubbery soft consistency and 15 white on the cut surface
The lumen 1s generally filled with a putrefied mass due to
necrosts usually associated with infection Perforation is there-
fore a quite common occurrence taking place either i the
cystic duct the liver the anterior abdominal wall the duo
denum stomach or transverse colon (Riedel 1911)

Histologicnlly this tumour usuallv proves to be a carcino
ma solidum (alveolare) an adeno carcinoma or a carcinoma

a cellules independantes  In the last mentioned case typic
al signet ing cells are often found these being large cells
contaming mucus with an eccentric nucleus

A papillar carcinoma extends into the lumen and does not imvade the
wall of the gall bladder until much later (Cooper 12%! It grows slowly
and metastastzes at an advanced stage of the disease \ecrosis may cause
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haemorrhage Furthermore the growth may block the cvsttc duct Then
as the result of the retention of blood and necrotic material in the gall
bladder the tumour acquures a soft and bulky aspect

Von Hanseman and Broders ntroduced 1 “tumour index ,
which can be regarded as supplementary to the above classt
fication Webber (1927), who adopted Broders method of
classification for tumours of the gall bladder, expressed the
degree of anaplasin of the tumour parenchymn in microscop
1cal sections of the tumour on 1 scale of I to IV

In his series of cases Grade T and Grade 11 represent tumours
which are only rrely of the bulky type, out of 14 cases only
two palpable tumours belong to this group which contamed
no more than four mstances of extension On the other hind
50% of tumours of Grade 111 nd IV showed metnstases,
while 12 out of 16 cases presented enlarged palpable gall
bladders (predeminantly of the meduliar type)

The grading of tumours 15 2 personal affare If donc by the
same pathologist, howeyer, this grading may be 2 valunble ad
1n the choice of treatment 1nd mn the forecasting of the prog
nosts Vadheim ef al obserscd that the inaidence of metastases
increased with advancing anaplasta In Grade 1 25%, Grde
11 64%, Grade ITI 88% nd Grde IV 100 % of cascs showed
metastazation

Hence, the concluston to be drawn from the statisticnt
cvidence t our disposal 1s that especinlly those tumours which
appear as firm stony shrunken masscs (scirrhous) when
origmrung m the fundas or the wall of the gl bihdder, c’lr‘l
be regarded as 2 morce favourtble condition for surgicy
therapy than the bulky type (medullar carcinomn) r"c"l;‘
where the development of the caramnomn concerned 1s papt
lary, thus group of medullar tumours undoubtedly s

adverse prognosis

I he first organ usunlly mvolved n cancer of the gall bladder

1s the Iiner Payr (1908) stressed the fact that, m most of the
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«arly cises without mAcroscopicnily visible cxtension mto the
Iner, there 1s nevertheless microscopic !l involvement  Vad
heim et al reported macroscopieal direct extension into the
Iner in 67 5%, of lus cases Before strtng an operation on the
Tver it 1s necessary to hnow wlich part of the organ 1s to be
removed Thatis why we studied the extent of the inyasion of
g1l bladder earainoma into the hver

As noted previously (page 16), we found 1n our polyvinylite
csts direct nastomosts betw cen the subscrosal venous channel
of the gall biadder and the minor ntrihiepatic portal branches
on cither side of the fissurt medin The former structures filled
in retrograde motion vin the Intter, after injection of the portal
vein and previous hgation of the cystic vein In addition to
direct cxtension of the tumour, there may be hacmatogenous
spread to the liver via these channels When studying simular
prepartions of ivers imnded by the direct extension of the
tumour we observed that the affected arca did not fill All
structures 1n these regions were completely occluded, erther
due o mvasion or to cxternal pressure Only the major
arterial branches of these areas were pressed towards the
margin of the gronth Tigures 97 and ¢8 demonstrate that
the whele invaded area fails to fill This region corresponds
with the cudl regions of both parimedian lobes and part of
the night lobe (sec Ch VIII)

If, with the introduction of new surgical procedures for
carcinoma of the gall bladder the possibility of this disease
in the future 1s kept in mind 1 number of cases still overlooked
At present will no longer escipe diagnosis In Samburg &
Garlock s series the diagnosis was pre operatively established
n 23% of cases though from Riedel s paper (1911) we gamed
the 1mpression that this author achieved a much higher per
centage with possibility of the disease in mind At present
even 1n relatively early cases the patient 15 usually moperable
by the method available namely cholecystectomy The pro
gress of the disease 1f the hver 15 involved may definitely he
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hastened by this procedure, as pointed out by Bhlock (1974)

Auga (1935) collected 10 cases reported 1n the hterature up
to 1935 of patients who had been well for peniods rnging
between several months and some years after the opertion,
1nd he added the case of onewho had undergone cholecystec
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Fig 97 Corrost nsp cinen ventro-cratial aspect Notch caused n decectest
sion of carcinoma of the gall bladder

tomy for carcinoma more than 7 ycars prior to the ppearince
of his paper 1nd who was still sn good condition 2t that tme
T'hus 1s 1n exeeptionally rire case, however Sumn & \\ll(l;‘;m
(1947) reported on 47 cases of carcinomn of the gall b :;r
23 were operated upon cholecystectomy w1s carricd out1n .
Onlv 2 patents were alne at the ume when thewr paper w ¥
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writen, 3 1nd G yuars, respectively following cholecystectomy
1n both cases cancer was unsuspected at the tume of operition
the true condiion bemg only revenled by microscopic exami

naton
The above facts in general confirm the statement made by

I
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Tig 68 Dorso-caudal aspect of the corrosion specimen 1o figure g7 Caviny

caused by dircct extension of carcinoma of the gall bladder A ventral s de

B dorsal side of the lner € pr per hepatic artery D artenal scems situated
on the borde betw e tumour and liver tissuc

Kehr (1g13) the proneer of gall bladder surgery when dis
cussing his series of 2000 operations on the bihary system 179
of these operations were for circtnoma and only 2 of these
cases were cured  und das waren Zufallshetlungen denn ich
openerte mcht wegen eines harzinoms sondern wegen emes
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Empyecmns der Gallenblase und fand erst das harznom
nichdem die Gallenblse ufgeschmtten war® { “and those
were only chance cures, seeing that 1 ws operating, not for
carcinoma, but for empyema of the gall bidder, wnd did not
discover the cancer until the gall bladder had been exersed )

In some of the reported cases of carcinom, Riedel (1911)
cven guestions the diagnosis on the ground that “das Mikros
bop getauscht hat und chromsch cntzundete Gewcbe mit
harzimomntosenvernechseltsind  (“the microscopisthad been
misled 1nto denufying chronic inflimmation of the tissue as
1 carcinomatous condition”) In certatn cases, such as prohf
erating glandular cholecystitis, 1t 15 undoubtedly difficult to
difftrentiate with confidence between mflimmation nd 2
malignant growth

Quly very few surgeons of the past ventured on a mare
extensive procedure as onginally proposed by Payr (1908),
namely, the removal 1 toto of the gall bladder wath 1 wedge
shaped part of the adjacent liver tissue Of recent vears onh
a few 1solted reports have Appearcd from Thorch (1947}
Shemfeld (1947) 1nd Masse & Dubourg (1950), all 2ttacking
the liver 1n this old fashioned way

In Chapter X we shall describe how, on the basis of the
anatomical findings 1n corrosion specimens of livers iy 1ded
by cancer of the gall bladder described 1 the present chp
ter, we deaded on 1 ridical operation n which the galf blad
der 15 removed 1 foto with both partmedi i lobes of the Iner

B TRAUMATIC INJURIES OF THE LIVER

‘In anaent times surgeons built up thewr experience 1t the
workshops of war and war throughout the 1gcs scems alwnys
to have served s 4 stmulus to ady ancement i surgend know!
edge 1nd craft’ (Gordon Taylor, 1942) And it s mdct‘d}
fact that the battlefield surgeon sces 1 hatge contngent ©
liner wounds There are, for All that, many other cuses of
hnerinuries In former tumes thekick of 1 horsewas 1 notorions
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onc but at present, due to the incresing mechinization of
traflic car acaidents account for 1 great number of these in
juncs Fhey may be due to compression, collision or crushing
by the wheels, bumpers and steering wheel The over all nsh
of exposure 1o trsmn has hecome greter i our ume of ever
mcresng mechimzation not only of transport but also 1n
industry and agriculture 1alls from 2 more or less great height
are 1 refitinely common cruse Stab wounds shell and gun
shot wounds aither acadentil or due to diseet asslt are
occastonaliy encountered

Rupture of the hner in newborn chuldren has been reported
by Arden (1946}, these infants were over mature and over
sized

Hepatc rupture occasionally oceurs an labour (Burton
Brown ef af , 1949) 1n assoc1rtion with toxaemmn of pregnancy
In this condition there 1s probably 1 predisposition to traumn

Themadence of trrumain avilinn bife—though eresing—
constitutes only 1 munor fraction of the traumauc injuries of
brutal modern warfare

In battlefield surgery its incidence 1s farrly high because of
the large sizc of the organ Waliace s senies shows a propor
tion of 16 82, of ali the abdorminal wounds for Liek s series
(1915) thus figure 1s 16 4%, or 0 3%, of all war casualties How
cver, these figures are probably under csumatons because
they only refer to the casualties who sunived transport from
battleficld to hospital and who were operated upon

In war surgery we are generally dealing with penetrating
percutancous or perforating injuries, while the subcutaneous
mternal or non penetrating injuris ire more commen 1n
civibian practice

The subcutneous liver iyurics form a small percentage of
patients admitted to the traumatic services of hospitsl, In the
series of Wnight et af {1947} the madence varied between 1
and 1 259% The age inadence in the Makal et ol seres varted
between 10 and 40 years
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Elder (1887), 1n lus study of 365 cases of subcutneous m
Jury of the solid viscern, reported 1 olvement of the Jiver m
189 c1ses (52%) 1nd of spleen, hidney and pancreas m 1,6
cses In Wright's series, hver ind spleen are imyured i abont
the same number of cascs, together they constitute 729 of all
miry bdominal mpuries

Both types, the subcutancous and the penctrating ijunes,
will be described separatcly in a short discusston of the morbid
antomical features

Subcutantous tnjuries The friability and the position of the Iner
combine to rendcr this organ liable to direct wnd contrecoup
iyuries In Mikal s series, the pars dextrn hepatis was Incerated
neirly five tumes mare than the left lobe, 1nd in Wright s seres,
cven thirteen ttmes  Fhe larger and more Iaterally situated
pars dextruis evidently more easily injured

In contrast to the opinion of some authors who think the
cramad surfrce of the hver the most susceptible part, m Mikal s
scries both the ventral and ventro cramal as well 1s the dorsal
surfaces of the hver were Incerated with equal frequency

Laceration of the conmvex surfice m a sagittal plane s
probably the tvpe most frequently encountered

The 1den that most ruptures t1he plice along the dorso-
caudnl surface where the hnver ss pressed agunst the spne
(O Naill, 1934) 18 disproved by Wrght et al, among
others
Rupture of the Iner may occur transcapsularly or subep
sulrly In the [atter event the capsule 1s intact, m the formey
1t1s also ruptured In the first case tiamponading of the cenird
1y or subcapsularly situated Iceration will occur Tiis dint
sion 1nto trans and subcapsular does not take into account
size and depth of the wound or the degree of tmv ol ement of
fotnl tissue, fctors which ns stressed by Martin froy7) e

important for the progrosis ot the
Haematom s are formed i suberpsular heeratons bu
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hiemorrhage s timponaded by the capsule andjor the ad
Jrcent hepatie tissue  1his is subscquently followed by 1bscess
or cyst formition

The Iner when injured transeapsularly shows 1 tendency
1o sphiting 1nd cracking in 1 stellate fishion wsunally 1ccom
pwied by haemorrhage and cholerrhagin This bleeding 1s
generally profuse and often tends to be persistent Wright et af
summarized the causes of persistent bleeding, namely  the
frinble lis er tissue does not ¢t as 1 tampon  the dinphragmance
movements mahe the injury worse  the spilled bile retards
cloting wnd promotes infecuon and finally the thin walled
intraihepatic vens do not possess valves and do not retract or
contract

Our perfusion and inyection studies showed that small
Icertions already cruse 1 massive leakage  from the portal
vemn bed In deeply Incerated Iivers, leakage occurs from both
portal van bed 1nd, to 1 somewhat lesser extent from the
hepatic artennl branches The bleeding from the hepinc
veinsis only profuse during cxpirntion s we observed during
opcration

In both subcapsultr and deep transcapsular lacerations
mterference with the arterial 1nd venous blood supply results
n multple mfarcuons, focal necrosis and sequestrations are
common sequelie  The surfice of a fresh wound of the liver
1s ragged and blood stuned within 24 hours 1t assumes a
dirty yellow appearance as the result of local necrosis Later on
1t becomes bright yellow due to stamming with bile  (Hamul
ton Baily 1941)

In percutaneous, penetrating or perforating mjuries of the liver
the lacerations are usually commensurate with the size and the
shape of the mussile As regards gunshot impuries there 1s
considerable controversy on the relationship between the
distance from which the gun was fired and the extent of the
damage (Lieh) It1sa certam fact that the shorter the distance
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the greater the dimage by both mssile and explosion The
whole organ can even be shattered by gunshot fired from
nearby, but that the explosion 1s not alone responsible for the
the dimage done 15 evident from a case described by Tick
(1915) 1n which the shot was fired from an wfantry nfle 2t 2
distance of 8o metres, shattering the orgnn irreparably Com
plete fracture of some parts may occur, 2 considerable part
may be detached, especially from the anterior cdge, and m1y
etther lie free 1in the abdommal cuaty or be carried awn
entirely from the body of the lver Fractured ribs and
dniven ribs frequently cause serious hepatic trauma mn ddi
tion to the injuries caused by mussiles The greater the distance
from which the shot 1s fired, the smaother 1s the channel bored
and the fewer are the fissures radiating from 1t An hepatie
abscess may develop around a retained mussile, this ought to
be removed 1f possible

Penctrating as well as subcutaneous njuries may be ac
compnnied by associated lestons 1 other organs In perforating
injurices other organs, such as the nght hidney, 1djrcentviscery,
pleural cavity, and lungs, may also be perforated, depending
on the site of entry and the direction of the tract of the mussile
But as Busing (1920) demonstrited 1n two cases, 1t m1y be
extremely difficult to determine the extent of the damage,
even 1f both port of entry and port of exit are present This
author advised exploration of the whole abdomen for per
forttion In 27 cases of perforating myurtes I 1£x found 8 times
assoctated injury to the right and once to the left Iung oncc to
the nght kidney and once to the pancreas

In Mikals series of cases with subcutaneons Iner 1njury, the
lidneys, spleen nd lungs were imvolved m 207, 10%, an
17% respectivel

7\<°'c fo{’md thc) following statstics for the two World Wars
In the First about 75% of the hepatic injunes were uncom
phcated The mortahity of uncomphented hver wounds (in
World War II) was about 10%, 1f onc additronal viscus w18
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myured, 28° and 1f two other orgns were imured, newly
40%, (De Bakey, 1947)

The ssmptomatolog) of bath the subcutancous 1nd the perfor
wing myuries depends on the extent of the damage to the Iiver
Lhough the Iatter 15 2lways followed by haemorrhage, shock
15 not present m All cases The blood that hns esenped nd
occasionally the bile will, however, give nise to 1 pentoneal
reaction Shght oo7ing causes some physteal distress, with pun
over the night hypochondrium radinting to the night or left
shoulder {hchr s sign) 1nd with accderated breathing

In the event of shock (13 1n 80% of \MMikals cascs on 2d
mussion) {ree flmd may be d rable in the abd \
cavity The abdomen becomes distended, usually accompan
1ed by 1 nise of temperature nd accelerated pulse, pallor
restlessness ind wethness These symptoms may  however
occur 1fter 1 luaid interval varying between some hours and
some dys, i which case we are usually dealing with a second
ary haemorrhage Bihiary colics haematemesis and maleana
may form part of the chmcal picture (Rudstrom 1951
Tpsten ¢t al, 1952) Dullness in the nght flank 15 an almost
constant feature (Burnct et al  1950)

Bradycardin reported by some imvesuvators (Finsterer
igto and others) 1s not a common occurrence according to
other authors \Wrnight and others) Occasionally a palpable
mass 1s found which proves to be a subcapsular haematoma
or a distended gall bladder, filled with blood If jaundice
follows 1t does not become mamfest until 48-—72 hours after
the mjury

In afl cases with a hustory of blunt trauma or penetrating
myuries the chest should be carefully inspected for collapse
of the lung due to pneumo thorax

Abdormnal puncture if performed, must be done in all
four quadrants (Wrightetal ) \ ray examination may reveal
an elevated diaphragm on the nght side

Secondary mantfestations may follow the imtial symptoms
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Complications such s sub phreme abscess, cholerraghn, ete
will be discussed 1n chapter XI At present we shall deal with
only that form of hepatic fulure which 15 known s hepato
ren1l syndrome

The first published case of denth from renal isufficiency
After liver trauma 1s probably that reported by Furtwaengler
(1927) Denth ensued three days fter the injury, an extensne
diffuse epithelial degeneration was found in the convoluted
tubules of both hidnceys 2t autopsy

The symptomatology of the hepato renil syndrome 15
charactenized by extreme hyperpyrexin, nzotiemi, oliguni
collipse with cold 1nd moist cynotic shin, hypotension, rpid
thready pulse and dehrium The urine usually contuns
erythrocytes, casts and varying amounts of albumen, anurn
may follow, 1n which case the alknhne reserve 15 progressively
depleted, leading to a lowered carbon dioide combining
power

Moson ef al (1925) observed that small pieces of hiver, cut
loose and put back inte the dog’s ~bdomen, rapidly caused 2
fatal toxremin The associted symptoms pomt to strous
injury tothe hverandkidneys A few grammes were sufficient to
bring about death within 18—25 hours The s1me happened
when small bits of Iiver tissue were inserted 1nto the chest or
qalla, penitomtis thus beng excluded

MacDonald et al (1928) demonstrated that the Iver pro
tein wAs the responsible fctor for these symptoms [his hver
proten is therefore behieved to act s a toxic substance affect
ing both hver and hidneys (Helwig, Boyce)

The normal dctoxifymg function of 1 Incerated Iner 1
ympured both by the trauma and the toxic action of the de
sitahized hver tissue, while the renl damage 1s probably due
to 1n increase of uts normal detovifying duties, which arc
mercased by fulure of the detoxfying funcuon of the liver
(Boyce) Removal of all dettaliced luer lissue 1s therefore definttely
indicated According to De Bakey (1937), 8 59 of deaths ifter
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Tner amgury m Waorld War 11 were due o associated renal
fulure

Not =l untrerted trrumatic laceranons of the hver are fatal,
s 1ppers from 1 case reparted by Fabrictus Hildwnus (early
part 17th century) of 1 young man stabbed during a quarrel
who suffered from 1 severe hacmorrthage A large prece of
hver later appeared in the wound and was remov ed by foreeps
The patient nevertheless recovered (Schroeder, 1906)

With the accumulated cxpenence of Maver Ous Fdler
cte  however, the comiction has been gaming ground that
wmmediite laparotomy  wath controf of haemorrhage 1s vmperat
nean the majonity of traumanie liver cases

Tudwig Mayer who publshed the first report on hepauc
traumn 1n 1872 found 1 mortahity of 59%, 1n the 276 cases
which he collected  Qus (1876) found a mortality of 629, 1n
181 cases observed duning the American Cial War  Edler
(1887) collected 104 cases and 1n another series of 543 cases the
mortahty was 66 8°, The mortahity figures m these and n
some recent series of cases treated without operation are
Burnctetal 57 1°, Wrnghtetal 75-96°, \likaletal 8189,
That s why Mihal agan recemtly adwvised operating 1m
mediately and controlling hacmorrhage with the ad of gel
foam oxidized cellulose, cte, because of the hugh mortality n
these senes of cases treated conservatively

The first case of traumatic Iiver injury successfully treated
with control of hacmorrhage was published by Von Burck-
hardt 1 1887 From this time onwirds surgical treatment
has increasingly been accepted 1s indicated 1n these imjunies

In 1896 Ferner & Auvrav reported the first <enes of 56
surgically treated cases of traumatc bner injury  adding
another gzcases m 1901 The mortality was 1bout 30°,, follow
mg suturing or tamponide of the laceration occasionally
resections were carnied out

As far bick as rgro Boljarsky observed an increase in the
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mortality rate 1n proportion to the mteryal betw een the mjury
and 1ts surgical treatment, consisung of tamponade to contral
haemorrhage Operation within 2-3 hours resulted 1n a mortal
1ty of 15%,, after 4~5 hours of 40%, after 9~10 hours of 66 62,,
after 12-14 hours of 83%, etc In other words, the longer the
delay before exploration, the more 1dverse the prognosts for
the patient In Mikal's senes, surgery within the first three
hours after admission led to 1 mortality of 33 §3% nising after
three hours to 66% All his patients appeared to be out of
shock when operated upon

Sometimes the symptoms attending lacerations of the hner
may be very confusing an early diagnosts being imposstble
In these cases, however 1t 1s being more and more accepted
that exploraton should be carried out ** If we do not explore
the patient, we may deprive him of his chince to Iine
(Furchild, 1931)

Hence agreement prevails 15 to whether onc should or
should not operate

Although the statistical evidence quoted shows that immed:
ate laparotomy 1s indicated for this traumanc condition, mort
ahty s stll lugh, as Mikal ¢t al has been able to show Thus
1n our optnion 15 due to the procedure adopted for controlling
the hnemorrhage, 12z tamponade with or without suturing of
the laceration

Considering the difficulties and risks to be ficed during and
after rescction of parts of the Iner until recently, this conser
\atism n surgieal treatment s not surprsmg For all th
resection1s indicated in the event of deep lacerations

As early 1s 1920 Wendel remarhed that there 1s no sense 2t
il 1n tamponading, or suturning the Ixceration so long 15 the
surgeon has no nformation whatsocver about the vtahty of
the hepatic tissues located distally to the Inceration Interrup
tion of the blood supply to tius areq will result sn gangrent
and ncerosis of the devitalized parts of the lner, 2s nghtly
pomted out by this author  Man setzt den Tampon wl en
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Chapter VII
INTRODUCTION TO HEPATIC SURGERY

Since the ntroduction of surgery for heptic pathology, most
of the attention has been centred upon the problems involied
1 the contral of hacmorrhiage Tinker (1905) stated that
oozing 1s 1pt to be perfuse and persistent with ordinary
cutting methods The hver tissue 1s friable and frequently does
not hold higatures or sutures particularly well T arge vesseks
embedded n the liver substance arc sometimes difficult to
pich up with artery forceps to tic readily The many methods
of controling haemorrhage which hwe been used indieste
that there 1s no stngle mfllible method
We shall bricfly discuss the various methods adopted st the
past for the resection of sections of the hiver and the attempts
made to control hiemorrhage

Remos 1l of pathology with the ud of thermocautery (Escher
1880) soon proved to be harmful becruse of the dwnger of
sccondary bleeding after demarcation of the eschar, the fre
quently sufficient control of haemorrhage and the fct that
this corgultted ussue mry invte mficuon {fig 99)
Garre (1907) rejected thermocautery becuse of its incom

petence to control hremorrhage from the larger sized vessth
while the charred Iver surfice hindercd the surgeon fiom

grasping the tmdividunl veins :
Radrocutting has been considered less destructne thn actint
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cutery becrse 1t cuts much Dister, however 1t s hardly
cfficraious in Arresting oozing md worthiess in seyvere bleeding
Anschutz (1903} 1dvocated the blunt divsion of the hiver
wlhich recently was applicd 1gun by Quatlebrum (1953)

Iastic ligature compresston of the stump 15 one of the oldest
procedures (Couzins 1874) sometimes this  tourmquet  was
held m place by fixaton pins, while the stump was extra
peritonealized  Tlus method has long sinee been discarded
beese of the slow henling and the nsk of infection

Tamponade of the raw lier margins following resection as
advocated by Anschutz (1903) imnally with iodoform gauze
(Michulitz) sonhed 1n warm siline to which 1drenahine was
1dded, 15 a methiod now probably pracused by no one Yetin
those d1ys some surgeons came to the conclusion (¢ g Ranso
hofl 1g04) that immedinte closure of the lnparotomy wound
ought to be rejected unconditionally The abdomen was there
fore left open over the pached Iver arca To tamponade
gunshot tracks Schroeder (1906) even devised  rubber bag
which could be inflated after its introduction nto the tract of
the mussile

Dunng World War II good results were attributed to the
usc of preces of macernted muscle a5 a tampon which was
2pplicd 10 or sutured on the bleeding surface It was thought
that a haemostatic agent w s liberated from this muscle pro
motng qrrest of the bleeding Al sorts of grafts have been
advocated omentum (Bol)arshi  1910) tendons the falc
form ligament, the gall bladder (Wendel 1911) etc In all
hinds of lacerations tamponade of the wound with gelatine
sponge or oxtdized cellulose soaked 1 thrombine 1s at present
a generally accepted procedure (Scott 1951)

Rubber covered clamps, especially the Doyen clamps have
been used and advocated by Garre (1907) McDull (1912)
and others Iritially these clamps were left on the liver for 24
t0 48 hours for which reason the abdominal wound had to be
left open (Clement 18go hocher 1902) This procedure



Chapter VI
INTRODUCTION TO HEPATIC SURGFRY

Since the introduction of surgery for hepatc prthology, most
of the attentton has been centred upon the problems ol ed
m the control of hacmorrhage Tinker (190,) stated that
‘oozing 1s 1pt to be perfuse 1nd persistent with ordiary
cutung methods The Inver ussue 1s frrable and frequently docs
not hold ligatures or sutures particularly well Targe vesscls
embedded 1n the Iner substance are sometmes difficnlt to
pich up wrth artery forceps to tie readily The many methods
of controling hacmorrhage which have been used indicate
that there 15 no single infallible method”

We shall briefly discuss the + 1rous methads adopted 1 the
past for the resection of sections of the Iiser and the 2tempts

made to control hremorrhage

Removal of pathology with the ud of thermocautery (Escher
1880) soon proved to be harmful bectuse of the danger of
secondary bleeding after demarcanon of the eschar, the fre
quently wsuflicent control of hiemorrhage and the MNet that
this cogulated tissue may mvite infection (fis, 99)

Garre (1907) rejected thermocautery because of its incom
petence to control haemorrhage from the Jrger sized vessels
while the charred Iner surfice hindered the surgeon from

grasping the mdmadunl vemns
Radocutting has been considered less destructve than actu i
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h1s been discarded becruse of the danger of infection Though
the clamps are stilf used, they are now t1ken off after suturing
the rw hyver margn ~fter the resection Thin Iner edges re
preferibly compressed digstally

A variety of hepatic sutures have been adsocated, 1l being
modifications of that Fuoured by Kusnetzofl and Penshy
(1896) \ large blunt needle was used to prevent tyury to the
vessels, threaded with 1 double piece of hewy catgut, one of
the threads of which was cut after the needle had passed
through the Iicr tissue and was then tied  After division of the
Inver, the large vessels were arcumstitched 1 the cut surfce

The disadvantage of cutting through’ of these sutures was
"woided by the application of magnesta phtes, introduced by
Payr & \artina (1905) These were narrow  perforated
plates, consisting of purc magnesin of vy arable fength fstenced
along the line of rescetion agunst the ventral and dorsal Iner
surfices by means of heny ergut When the eatgut hiad been
ued the rw [iver margins were coaptated, 1f possible

Wendel (19t1) introduced an interloching type of mass
lignture which he applied 1n 1 resection of the right hver hlf
for 1 pnimary cancer of the hiver Before resection, he figated
the night hepanc artepy and nght hepatic duet but refruned
from hgntunng the night portal van trunk for fear of throm
bosts The ptient was well for over g years after the opuration

This 15 15 far a5 we could trace one of the very first surgical

Fig g0 Major meth xds ¢ f reeenon
) Ilasne hgature and extrapenoncahzan n of the stump (Counne ifizg)
2 Simple cauters (Laqueln) remaval (Lscher 185} 3 Lo bectemy with re
perted Tess bleeing 1 phys e line of cleasage used (Langenbuch 1681
4 Hemostatic suture with blunt needle and ol wure sf Iner surfaces afier resec
11 0 (Rousnetzoff and Pensky) , Clamps 1 fe¢n [ ¢ hem wtaus and (a} ccm
pleteh exters nzed (Lapoiny 1897) or th) 1al the handles exten sneed £ v
eemral through a stab wound {hocher 39m) 6 Lxaton with 1ampe nal
(Anschutz 1qo3} 7 Hemeostanc suturesy placed proxsmal ¢ clamps :nlrlrrxm;
cautery examon of tumor dntal O clamps Raw surface olned &y mn-mlrvlﬂ‘
utures g 1ng ar und the 1 ngud nal hemostatic suttires prevent ng nnl'lm:z I
utures thee ugh fiver nwoe (Wana © urtesy «f Surg Can an] Olas 2 ”

1015
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procedures perfermed along An s aseular plwe of the hner
through fossa cysticr nd foss1 venae cnvae with control of
bleedmg at the hilum, which 15 shirp contrast to the

bloodless forns of surger;, advocated by Baron (1910), Wangen

steen (1951) and others, where by the hepatie artery and portal
vein were compressed during surgery i the hepato duodenal
hig yment

Compnruinely early, both keen (1897) nnd I angenbuch
(1897) reahzed that the fossa sagitealis sinstry of Von Haller
should be regarded s 1 reltnely wascular plane, along
which they resected the “right or lft Iner Iobe*

Keen, Langenbuch and Wendel thercfore hue a legrts
mate clum to being the proneers of 1n natomically sound
form of hepatic surgery Wendel went 1 step further than
heen and Iangenbuch, who had for Jong been resccting
along an wascular plne, when he first hgatured the struc
tures 1t the pulum

heen’s work, among these authors wns generally known
and adopted, m fict untl quite recently, there had been
hittle 2dvance since Reen described his operation (1899) n
which the left Iver lobe was severed with 2 Paquebin coutery
and the Inrger vens were closed with the tips of the finger
following which the cutery was temporindy Jud side I
passed 1 catgut hgature under each ven by means of 1 Hag
dorn necdle, ind one of my assistants tied slowly but firmh
Tne bgatures were thus apphied’ A prching was apphed
which was removed after 48 hours “No hnemorrhage occur
red, but bile escaped 10 1 considerable extent from the 4th to
1zthdyy  (heen)

In surveying Al the methods ds ocated, one s not surprssed
1o learn that nearly every casc of ver surgery, if the panent
sunmed has appeared m the hiterature  This in nisclf proved
how rishy these surgeons conudered this procedure nd how
lucky they felt that the operation did not cnd Fmlly  (Bax

& Schalm 1954)






158 INTRODUCGTION TO HEPATIC SURCERY

formed natomically sound surgery Canthe (1898) already
had demonstrated “that the gallbladder occupies 1 centel
position 1n the Iiner, that on cither side of 1t lie the true night
and leftlobes of the Iner and that 1 hincfrom the fundus of the
gl bladder to the «at of the hepatic vans divdes the hver
mto equal portions ’, 1 conclusion mndependently confirme |
by Wendel and Martens {1920)
These two authors realised that resection on one hver half
should be performed loag the v ascular plane through gall
bladder fossn and vena ¢ nfenor, following hgation of th~
unilteral structures 2t the hilum of the hner, espeently since
Wendel had obtaned such excellent results in 1 panent shom
he operated upon in this way (1g11) for whatimually appeared
as 2n adenoma, but g years Iater 1t autopsy proved to be 1
hepato cellular caranomn

As far 1s we have been 1ble to trace, no surgeon wver pphe
this principle between 1911 and 1952, tll finlly this proce
dure was re introduced by Scneque ef al (1952), who parform
ed 12 left heme hepatectomy for hydanid cysts

Meanwhile, anticorgulants had become vulable since
1911 hberatting hgation of one of the trunks of the portal ven
from the nsk of thrombosis Intrihepatic mass higture had
thus become superfluous, sceing that bleeding conld be controlled
Sfrom the Julum by there hgrung the umiateral structures prior
to resecion Others had sought to solve the problem alon
st ar hnes

There was Raven (1949), for instince who had worked out
1n operanon for the rescetion of the left hepatc lobe fter
higrtunng the structurcs to the hilum He higntured to the
tutum the lefi trunk of the portal vemn the IR hepane artery
nd the left hepanc duct after which he resected the Ieft lobe
of the Iner by thermoctutery Ths procedure however, falls
short of the best anytomieal and physiological stindards in
tht 1t Ieases the left prrimedin lobe devitahzed

After hgatunng the right hiepate duct the nght hepatic
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artery nd the right trunk of the portal vein, Tortat Jacob
and Robert (1952) resccted the nght half ol the liver together
with the quadrate lobe Although the resected parts do not
correspond perfictly with the internal morphology of the
organ, s Commnaud (1653) Justly ob erved, tharr work attract
ed qttenuion for the sound novel methods 1t introduced into
heptic surgery

We, for our part are persuaded that these authors were
stimulnted by the latest devclopments mn lung surgery to ndopt
the procedure of hignturing the various structures to the hilum
of the liver before proceeding to resect By the same tohen
Counaud, Healey and we ourselves, nspired by the benefit
accruing to modern pulmonary surgery from 2 thorough studs
of the natomy of intrapulmonary hollow structures have
pursued an analogous course for hepatce surgery

The legiumate inference to be drawn from anatomical
rescarch in the mterests of surgery is that rather than one
there are fio hepatic gateways, cach with 1ts own speaific
significance For 1n addition to the lilum we have the point
at the cramal pole of the hiver where the hepatic veins feave
the organ As has been shown, the veins there can be dissected
for some distance The plane in which the veins e the dorsal
fissure (sec figs 12-14 and 101-103), separates the ventral and
dorsal paramedian lobes Not only do these veins mark off the
dorsal fissure, but, as we have stated before, they proceed from
there to the three sagittal interlobar fissures by which the
various Ghissoman areas are bounded

These fissures are 1deal planes for the resection of parts of
the hiver firstly because incision along these planes 1s 1self a
safeguard against the notorious complications attendant upon
the classical form of surgery 2¢ the nish of haemorrhage,
cholerrhagia and occlusion of those structures which are distal
to the plane of resection possibly 1nvolving other very real
dangers (see Chapter XI} m addition to morphological or
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functional loss of hepatic tissuc, secondly becruse, even if these
plnes re not always visible on the surface, the myor hepane
vemns, by their very position, mark them off

These planes are wwascular—except for the heptie veins
situited within them and the hepatic venules which m1y pass
across them—and contun no portion of the bile ducts It has
been found 1n 1ctun surgery that, by opening the Iiver long
these planes, hiemorrhage 15 worded, provided the hepatic
vens or yenules be left intact Technically, thisis 2 very simple
matter, 15 we had occasion to note with B in dogs 1nd later
with Pernet, duning 1 hemu hepatectomy, using the method
introduced by Anschutz (1903) nd recently recommended
1gun by Sencque ¢t &l (1952) wnd Quattlebrum (19,3),
which consists m ncising the hier blunth?’ In this way onc
c1n be sure of not opemng the heprtic vens which nterseet
the pline These smnll vessels can be dissected, for which we
used the hindle of the scalpel, Afierwards higatuning them
indmadunlly

The importance of these planes warrants 1 closer deseription
of them with reference to figs r2—14 nd 100-103

The left wnterlobar fissure cuts the ventral surfice of the hver
along 4 hine corresponding to the connccting Iine between the
umbshical incisure nd the left wall of the caudate Jobe The
planc through this fissure passes tlong the left Iateral will of

Figs 100-103 Crrosion speaamen of a Iner Al struceures of Cliasenoan svstens
mjected
Fig 100 Ventral aspeet f ibe bner
fig 1ot Same speczmen as fig 100 Raght paramedian 1 be removed t Right
paramedian ven 2 Right ven 3 Sattal part of Jeft stem of pertal vemn
3 Lett cranial paramedian vem 5 Plane of intersects o threugh teft inger
Vobar fisure 6 Flane of interseetton through night iterlcbar fivware 7 Frem
siew ¢ Feaudate lobe 8 \eseels of the gall Hadder (injected s1a cystic artery an§
cystic seing
Fi, 102 Same speasmen as fig for Left paramedian I be ermeved 3 5ot
cramal paramedian ‘e 9 Saccuy 10 Left caudal paramedisn wnin
Fig 103 Same cc rros in sperumen as fig 102 { zamal segements £ eght and It
1 tes cemoved
vi Cramal e (left] be 12 CantalsenofTfel e
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proximal part of which 1s situated 1n the line on which the
medinl fissure and the dorsal fissure interseet, thus cutting not
only the Ieft half of the Iver off from the right half] but 1lso the
ventral middle Iobe from the dorsi)

The muddle hepatic vem druns the blood from the mddle
lobe, except from the dorso lateral aren of the * dorsal fin’
Hence the muddle lobe 15 a luwer lobe 1n both an anatomucal and a
surgical sense, because 1t has its oun afferent and efferent structures at
both gatewazys

The mlermedual fissure, on the other hand, which cuts the nght
parimedin lobe into twa pacts, w2z, the areas of the ventral
and dorsal fan, has no surgieal salue It 1s for thus revson that
we do nat regard these two 1reas 1s segments, for they hue
neither ther own segmental Ghssoman pedicle, nor an n

trinsic blood drainige Hence this contrasts with the two seg

ments of the left lobe of the hver

The right interlobar fissure 1s less readily dentified 2t the surfice
of the ver than the fissures referred to previously The nght
hepatie van s situated 1 the plane of the fissure rther more
frontally than sagtally The fissure drvides the right parime
dian labe from the right lobe Usually the fissure mtersects the
right lateral wall of the cystie foss?

Before proceeding further, we would do well to connder the
varbiliy of the posttion of this fissure It ws stated i Chap
ter T that the nght wnterlobar fissure seldom cuts the dorsal
surfice of the hver along the ine indicated by Healey ¢ ol
and Counaud  but 1s 1chned rather to follow 1 hne which
usully appronches or cuts the cystic fossa Fins would account
for the fact that n cwranomn of the gall bladder, the right
piramedian lobe s well as the cqudal sepment of the richt
lobe1s ffected  The part of the nght lobe which 3 atached by
thys discase consists of 1 thin shab of hepatie tissue Tnmany
£ases 1t scems ta us uanecessars not to s1y mdusable ©
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remove the whole nght lobe merely for the sake of this small
section, 1 otherwords to pesform arescction of the pars dextry
We have therefore made 1 speenl study of this arer with the

Fig 104 Specimen of the Glissontan system  dovsal aspect A fossa cystica
B wenac paracysticae

help of thirty corrosion specimens  the results of which will now
be related

The condition we found mn 60%, of our specimens was as
ilustrated in figs 12 and 104 It will be seen that usually one,
but sometimes two paracystic veins 1ssue from the vena dextra
before 1t bifurcates into the cranial and caudal veins of the
nght lobe The area of ramification of the paracystic vemn
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prosimal part of which 15 sutuated 1n the line on which the
medil fissure nd the dorsal fissure intersect, thus cutting not
only the left half of the hver off from the nght half, but lso the
ventril muddle lobe from the dorsal

The middle hepatic vern drauns the blood from the nuddle
Iobe, xeept from the dorso Jateral aret of the ‘dorsal fin’
Hence the middle lobe 15 a luer lobe wn both an anatomucal and a
surgtcal sense, bevause it has s oun afferent and efferent structures at
both gale vys

The wwtermedial fissure, on the other hand, which cuts the right
parumedian lobe into two parts, 22z, the ares of the ventrdl
1nd dorsal fan, hins no surgieal value It s for this retson that
we do not regard these two areas as segments, for they hne
nather therr own segmental Ghissonian pedicle, nor 2 in
trinsic blood drunige Hence this contrasts with the two scg
ments of the left lobe of the hyver

‘The reght interlobar fissure 15 less rendily idenufied st the surfwe
of the liver than the fissures referred to previously The nght
heptic vewn is situted 1 the phine of the fissure rather more
frontally than sagitally The fissure divides the right parme
dinn lobe from the nght lobe Usually the fissure itersects the
right Titeral wall of the cyste fossa

Before procecding further we would do well to consider the
sanabylity of the posttion of thus fissure 1t was stated 1 Chp
ter I that the ncht snterlobar fissure scldom cuts the dorsal
surfice of the liver along the hine indicated by Healey of al
and Countud, but ss inclined rather to follow 4 e which
usully 1pproaches or cuts the cysuc fossy Thisw ould wccount
for the frct that 1 crranoma of the gl bladder, the nght
pacimedian lobe as well as the caudal segment of the nght
lobe 1s Tected The part of the right lobe which 1s 2t wched by
this disease conststs of 2 thin sib of hepatic tissue In ma
€ASCs 1 SCCMS 10 US UNNCCEssAry, Not (o s1y indvisable, to
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corresponds to the medinl area of the caudal segment of the
nght lobe and covers the same ground as that assigned by
Healey of al and Counnud to the night paramedian lobe
The partevstic vemns which in thus group of specimens may
arise from any pont situited between the ongin of the nght

Fig 106 Ghssonian svstem specimen dorsal aspect Both nght and paracystic
vem absent A vena caudals Iebr dexirn B fossa evstica

paramedran veinand bifurcaton of the vena dextra—a distance
which proved to vary from 1 cm to 5 cm~can be visualized
either from the nght incisura or along the vena dextra after
the liver has been opened bluntly (see p 174)

In 40%, of the sprcimens there was no paracysuc vein at all
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2nd mn 10% this was found to be due to the fact that the 1ein
fornted part of the dorsal fin It was only 1 this group of 109,
that the nght mterlobar fissure cut the dorsal surfice of the
hver s reported by Healey ¢t af and Cournnd (see figs 18 19
and 105)

In 30% of the spectmens the absence of the vessel w1s 1c
counted for by the fict that the vena dextra was Inching Inn
casc of this hind, the nght trunh (see fig 106) dividesinto three
branches, one, the nght parimedian ven, m a ventro candal
or ventrl direction, one, the caudal vemn of the right lobe, m
a Iatern or fatero caudal direction, nd the third, the crmal
vem of the nght lobe, tn a lateral or Iatero craniil direction *

In all these specimens the nght interlobar fissure esther cut
the right wall of the cystic fossa, or ran along the Iateral wall
of the cystic fossa

The surgieal wmplications of these Nicts are that, prior to
resection of the middle lobe for early gall bladder carcinomn,
1t 15 necessary to scertun the course of 1 paracystic ven If
there 1s one, 1t should be hgatured, 15 the area of ramficition
of this vein has to be included mn the resection

Now, the boundares of this area to be resected c1n scldom
be established with absolute certunty beforchind W hat the
surgeon does hnow during resection, tfter the paracystic san
s been higatured, 15 that he 15 working within those bound
anes if nasion does not provohe bleedmg Butif haemorrhage
does occur, 1t my be taken as 2 warning that the border of
tlus area has been violated 1nd 1n that ease the best procedure
1s to rescct the whole caudal sugment of the night Jobe m fofo
with the middle Jobe

In the absence of the paracystsc vem, 2 quddle lobe resec
tion will suffice s the first stage of ercmoma of the g3l bhd
der If, on the other hand the tena destra ts lacking 1he Alter
natives are ather to resect the caudal segment of the right labe

* \n nught into the anatomy of the trahepatic portal \rm;\;; syptem
3

tnay be ganed by meins of 2 portal venogram (see Appendr
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Tt 1s necessary to bear in mind that thewnlls of these major he
patic vens are very thin and may esily be torn They should,
therefore, not be clamped (Bax, 1954) The course of the n
terlobAr or resection plane—whicheser the ease may be—en
be determined by the course of these vemns, 1f not ltogether,
then atleast partof the way

In view of the simportant role played by the hilum in hepatic
surgery, we think itwould be ppropnate toreeprtulate briefly
the mun ponts of the topography of the varous structures
relurning to Chapters 111 and IV for 1 more detuled desenip
uon

Aswehivescen conditions 1t the porta hepntis are far more
mtricate Accordingly, Coumniud [wours approaching the
tnlum, not only dorsally s he 1dvised 1t first, but ventrally
at need He was induced to take this hine by ‘ certamnes cnti
ques (q) ont ete formulees concernant leur possibilite et leur
nnocuite 11 semble que e nombre des vanations scgmen
taires -t suscite de legiimes alarmes comment sur des fats
sourms a d 1usst nombreuses vanantes construtre une techm
que simple susceptible de fure face a des disposiions ausst
diverses®  ( some cnticism made 1s to their possibility and
mnocuousness Apparently the number of existing segmentary
variations has legiimately rased some alarm How can a
simple technique, capable of coping with such diversity, be
based upon facts subject to so many vanants? }

For the frontal approach to the hilum, Counaud reverses
the normal method by which the lobar structures are first
picked out at the two hepatic gateways and hgated, after
which the liver 15 mased He first meises the hver along an
mterlobar fissure and hgatures the lobar Glissoman pedicle
mtrahepatically or he opens the fissure unnl the part to be
resected 15 attached only to the Glissonian pedicle after wiuch
this 1s hgated Thus, 1n a henu hepatectomy, the hiver 1s 1n
ased along the medial fissure down to the hilum and 1 this
way the hnlum 1s approached from the front To our mind, the
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drawback to this procedure 15 the considerable hemorrhage
from the pline of resection which occurs fter the hepauc
venules crossing this pline have been hgated For, s the
fferent structares at the hilum hve not yet recerned atten
tion, there 1s 1 rise n the intrahepitic blood pressure in the
hepatic veins The consequent bleeding 1s hable to obscure
the area bemg operated upon Tor ll that, there mny some
times be 1dvntages in adopting this route m preference to
the caudal lilar approach, s 1 those cases mentioned by
Coumaud, 2z, tumours 1n the region of the hilum—a con
dition which we personally consider s moperible—or 1dhe
stons of the Iver to adjncent tissue

There 15, honever, an alternauve, which surgical trentment
of dogs brought to our notice It consists 1 enlarging the hilumt
n the course of the branches of the portal 1em, 4 decided asset
espeainlly on the night side, 1f there 1s no right mesurn, or only
a small one (1n 1bout 209, of All Iners’) It means that 2 night
esura cn be made by enlarging the hepatic gateny from
the edge of the hdum Grven a blunt incision 1 the produced
part of the nght trunk of the portal vemn and the nght ven
and provided penctration mnto the Iner be not too deep,
haemorrhage 1s virtually obvitted The hular edges are held
to one side by means of eyehd retractors {modificatron Des
marres) In thisway even the nightvern, which runs furly super
fict ally under the dorsal surface of the liver, can be followed 1o
where 1t duides wato the <egmental branches, ., the cranal
and caudal veins of the nght lobe

“There are pracucally no large or medium branches of the
hepatic ven at this site, at most 1 few minute capillanes my
be encountered Ths 1s becuse the surface arer around the
hilum discharges blood into the venae hepaticac breves which
run almost parallel to the nght trunk or the vent dextrt
(fig 88) .

Adopting this method of enlarging the hilum onc ¢n, for
tnstince  dissect the paracysuc vein(s), should this be sm
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practicable m the hilum, 1self] as well 1s some of the
other terntoril structures

Portal temn Each idividual lobar portal vemn branch cin be
vsualized at the Iner hilum In the left hal€ of the alum
(umbthical fossn}, even thesegmental branches can be identified
over a considerable distince before they disippear mto the
Iver Howeser, m the myonty of cases the left paramedian
crmnl vemn, 1f it anses from the ventral surfice of the pars
sapttahis cannot be renched Visuahization of the segmental
branches supplying the left Tner lobe can be realized by
mesion of Glisson s capsule in the umbilicnl fossa along the
dorso medial margin of the left ver lobe, til after further
preparation these branches appear 1t the bottom of the um

bilical fossa (fig 108)

A simular course can be ndapted for the prepiration of the
territonal branches of the left pramedian fobe, the caudal
branches (left paramedian caudal brinches) at the medial
aspect of the saccus ¢an always be seen, the eramnl ones e
visible 1n only 35°, of the cases (n1mely when they anse from
the media} 1nstend of the ventrd surface of the sagutat put
of the left portal vem) after proper dissection  Therefore
the capsule should be inersed nlong the dorso lateral margis
of the quadrate lobe

Disregarcing the condition 1n winch the right portal v
trunh divides At its very ang (bifurcatio venae portae), w hen
the ripht parimedian vemn s the direct continuation of the
mamn portal ven trunk (20°,), 1nd the condition which was
enconntered 1 10%, of the speamens, in whch the nght
piramedian vein ongmates from the Ieft portal van t my
be sud that thus branch generally anses nght 1t the margin of
the right hilum Incrsion of the capsule along the nght i
mirgin and nght masure nd retrcton of the overhnging
Inv et edges at this site generafly enabled us 10 visuhze both l;lt
neht parimedinn and the nght ven After removtf of the
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corresponding portal vewn branch and bile duct i the umbilical Jossa
or left hlar area

This fact holds true for the arterrl branches supplyng the
left v er lobe, the caudal 1ret of the left parimedian fobe and
the caudnte lobe The branches for the left lobe finally jomn the
crimial and caudal left Jobar veins at the place where these
two (occastonally three ifan intermedial vein 1s present) enter
the Iiner, they c1n be visualized in the same way 15 previously
deseribed for the portal vemn branches The left parimedian
artery, usunily coursing medhal to, occrsionally dorsal to the
pars sagittahs venae portae, ¢n be seen disappearg nto the
caudal 1rev of the left paramedinn lobe after jormng the
corresponding vein and bide duct 2t the medinl spect of the
saccus Rarely, if ever, can the crimal artenal segmental
branch be recogmzed 1s such

On the nght there are two anatormcal features of surgenl
significance, 21y

(1) An artertal branch, usually the arterra dextra but
sometimes 2 segmental branch, curves around the basis of the
right paramedin vemn during uts Interal course An anicror
relationship, in which this artery curves over the basis of the
night parimedinn vemn, was found n 80% of the specmens
while 2 postenior relationship, with the wrtery curving under
acath the basis of this vein, was present i 209 of the spect
mens (13% 1n Counaud s series)

(2) The nght prrymedian artery usunlly runs 1lon5/lhc
medial aspect of the corresponding sem, namely mn 78% of
our specimens (659, of Coutnauds spccimens), but o;ﬁ
stonlly along the lateral surface (18%), wnterior surtact
(29} or posterior surfxce (2%) of this vein Sometimes o
(10°,) or even three (2°,) arteries are present funming along
this vemn G

Wiile dissecting the night pamedian vein from ts Ghs
sonin tissue the surgeon should bewarcofiguring the branch
curuing 1round the basisof thisvein Only thevissble structores
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re seldom o1 erlooked durning 2 hilar dissection, the bile ducts
frequently are We therefore do not resect the gall bldder
until the end of the operation and utilize 1t (by pinching) for
visuahizing the bile ducts In extensine hular dissections 1t may
morcover be advisable to dissect out the common bile ducts
for 1 short distance and to apply 1 rubber cosered ciamp, so
that no bile can escape into the duodenum This clamp should
1 no way mterfere with the blood flow n portal vemn and
proper hepatic rteny

The nght paramedian duct always courses long the me
dral surfice of the corresponding vein, though occstonnlly
areas of the dorsal fin may drun mto the right duct by way of
small ductuli Iazteral or antenor to the right paramedian ven
The bile duct from the nght lobe runs underneath the bise of
the right paramedran ven

In our opimon there are two strong arguments to be 1d
vanced 1ganst anextensive dissection 1t the hilum One s that
the varability of the Glissonian structures may be such 1s to
requure 4 very extenstve hular dissection to render the pattern
mntelligible  Let us recall 1 single mstance to cxemplidy this
As prevously stited 1 189 of the specimens the left part
medin artery arose from the nght hepatc artery In this
instance the arternl blood supply to the left parmediin lobe
will be bloched 1f the nght hepauc artery 1s Iigated proximl
toits origm ¢ g, 1n 1 night herm hepatectomy This hawever,
will mean risk of necrosis of 1 lobe after remon a1 of half of the
Iner which should certunly be prevented if possible As
stmilar morphological s rmtions were found n the bile ducts
the same apphes to these structures with ths difference that
istend of necrosts, atrophy results from blocking of the bile
ducts (sce p zoo)

The sccond 1rgument 1s that ondy thatly mphatc and nene
ussue which belongs to the part to be cesected should be
destroyed  Although we have studied nesther of these struc
tures, we fecl that the destruction of these tssucs, which must
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There 1s one exception, that of the pedicle of the craninl
area of the left prrimedian lobe Cleavage of the Iner along
the left mnterlobar fissure 1s 2lways necessary before this cn
be approached antertorly

Having, onp 185, explamed how to Wdentsfy the left mter
lobar fissure, there now remuns the nght nterlobar fissure to
be discussed It 1s 1 fissure of the very first importince to
mmddle lobectomy

It 15 an observed fact that the middle hepatic ven druns
nearly all the blood from the two paramedina lobes Hence,
when this vein has been ligated, congestion 15 bound to occur
m the 1ret of the middle lobe If Iigatures have been applied
around the lob1r Ghssonin pedicles beforchand, they ¢an be
Ligated as soon as congestion 15 cxacerbated The plane along
which the night paramedian lobe 1s brought into relicf by the
congeston 1gamnst the right lobe 1s situnted slightly to the left
of the right interlobar fissure, as the right hepatic ven con
tnues to dram blood from the are1 of the dorsal fan of the
middle Jobe (fig 87, p r04) By heeping somewhat to the nght
of the hine of congestion, interference by passne bleeding,
which may obscure the aren of operation, €n be avorded

We refer to Chapter \ for 1 more detuled deseniption of
the possible operatu ¢ procedures which emerge from the forc

going



Chaplter I\

SURGICAI APPROACH TO THE I'IVER

Pefore proceeding 10 discuss 2 number of resections we would
do well to connder whether Any uselul suggestons can be
made regacding meson For, the present dhagnoshe resourees
at our disposal seldom provide us pre operatinely with those
particulars of a surgical disease of the Iner such as Jocahza
von dissermnation and other factors which determune, not
only 1ts opertbifity, but akso the mode and path of approach
to the process This uncertunty mkes 1t difficult to draw up
a surgical plan of camprugn, winch has to depend upon what
the surgeon finds duning an exploratory laparotomy

Generally speaking 2n snasion should meet the require-
ment bath of providing adequate exposure with mmmum
retraction and of permtting an afteration at will of dictated by
unexpected arcumstances The latter, above all 15 very im
portant and we must dnell upon it before we discuss the va
nous tesions commonly employed for exploratton of the
nght upper abdomen

With possible resection 1t mind we someumes try to ap
proach an area m winch with the abdorunal mesions com
manly used far exploration adequate working space cannot
be obtained or only with the ntmost difficulty For resection
of the rght half of the hver, tor snstance such space ss required
o the nght subdiaphragmatic area and the nght flank 2
dafficult space to approach particularly m the asthemc pa



184 SURGICAL APIROACH TO THE IIVER

tient Wwith hus narrow costal arch, bemg, 1s1tis encapsulated
within the dome of the driphragm on the cramal and ciudal
parts of the thoracic cage on the ventral, lteral and dorsal
sides That 1s why 1n many cases the masion used for explora
fion has to be enlarged

Ifwe ask ourselses what different ty pes of ncision are gener
ally used for exploration of the nght upper rhdomen, we find
from an enquiry by Summers (1952) that 38 5°, of surgeons
use a night subcostal type of mncision, 16 3%, + transverse
cision nd 13 4% nlternatively a night rectus (i the 1stheme
type of patient) or a trnsverse one (in patients of the pyknic
habitus)

Every meision mentioned by Summers, except the trans
versal, can be used s 1t 15, or shghtly lengthened, for the resec
tin of the left lobe of the Ier (sce fig 111) As we ascertamed
in crdaver experiments, 1t 15 not even necessary o use the
1 -shaped mcision recommended by Raven (1949) for this
rescetion, nor yet the | -shaped wnaston of Anschutz {1903)
The incrsions enumerated by Summers are less effective for Jeft
hemy hepatectomy

If difficulty 1s encountered tn dissecting at the hilum or, s
mn the cise of an 1stheme panent, the ermal surfice of the
Iner wnd the ven1 ¢ inferor are difficult to approach
cxtension of theincision by sternum sphiting {sec fig 109) will
be found of considerable 1esistance, s they were in our cidy
ver experments The shin 1ncision 1s extended upwards along
the axis of the sternum 1s Fr 15 2bout 15 centre The uphoid
process 15 resected, following which the stermum s spht obh
quely from the base to 1t least one thurd of its length (W hren

Fiz toa Fxtension of nght paramedian nasion 1y means of the  steroum
splitung ey o

A Ventral aspect B \ymhoud process rem sed  diaphragm (]ﬂ:;l;:ﬂ‘“‘;ﬂ:;i

sternum 1 Line of naisson at sternum 2 Sternum 3 Surface aleng o

xvphoid process was resceted 4 Diaphragm detached from urmumn_:,“( o

form hgament € Lars dewra hepats G Leftsde view 7 Vena ey
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etal , 1954) Carcshould be taken to 1vord opening the pleural
caty (pneumothorax) or perscardiem, which are both freed
bluntly from the sternum by finger dissection before the ster
num 13 sphit The sphttng may be carried ont by means of 1
pur of b saissors It 1s possiblc to cnlarge the working space
even more by dividing the draphragm 1n 1 downward direc
tion to the mferior vena cava

This, however, 1s of no wail for operitions on the siekt falf
of the Iner The problems then rused are far more mtricue
than those ficing the surgeon who finds by exploration that 1
radrcal gastrectomy 1s indicated, for which Garlock (1936),
Humphreys (1946), Carter (1947) and others recommend
the combuned bdonuno thoracte approach It 1s for ths
reason that Lortat Jacob and Robert {1952) solied the
problem of the approach to the nght half of the lner 1n 2
stmilar fashion, ¢12, by extending the exploratory tbdominal
mesion 1ato the thorcie cavity

Thus inasion was developed by Rio Brance {1912} There
are several modifications of this method, munly for porto-
cnal shunt surgery (Carter, Heanev & Humphreys, Tor
tat Jacob) A nght rectus or night parumedinn ncision 15
used to explore the abdomen, the mcision being extended up
wards as far s the costal margin When maision 15 to be
extended mto the thoras, 2 sandbag 15 placed under the p1
trent s night stde sn the renal regron If resection 1s decided
upon, a long cun ed masion, starting from the former one, 15
made over the Bth intercostal space up to the md vallwy line
to the nght and across the costal margin to the left The s
ciston 1s continued downwards mto the chest (fig 110 A)

The commen costal cartilage 1s dinided between the 8th and
oth nibs A radinl maston, extendmng from 1ts ongn 1t the
point of division of the costrl margin to theinfenor venen 1l
dnades the dinphragm A Dinochuetto retractor 15 pleed
between the divided nbs and spread out The fAlciform hgy
mentisdmaded Right lung, stomach and intesunces are p1cl€d
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Chapter X

ON HEMI-HEPATECTOMY
AND SOME HEPATO-LOBECTOMIES

Possible operative procedures which emerge from the fore
gong may be detuled as follows

A Hemt hepatectomes
Thus techmque 1s based on the fict that the Iiver 1s 2 pured
organ 1s regrds 1ts Glissonian system

The plane of division of nght and left portal vem trunks,
hepatic rtentes and hepatic ducts and their ramifications the
fissurt media, divides the gl bladder bed of the liver into
two and 1s directed cramlly to the lefi side of the inferior
senacna This plane corresponds to the plane of resection in
a herm hepntectomy even though the Iiver 1s not 2 pured or
gan s regards its second intrahepatic system, 1, the hepatie
vems As described previously, this system consists of two
groups of veins namely (1) the vennc hepaneae breves coming
from the left and night dorsal surfice of the hner and each
ending indivadunlly on aither side of the mferior sen €n 1,
wnd (2) the myor hepatic veins lewang the hver 1t the most
cranally and centrally situted area both on the night and the
left side carmvang the blood from the Iner into the inferor
vena e Just below the dinphragm One of the hepatic vens
the vena hepaticy medin, runs mn the fissura medr, it usualy
carnies blood from the lobes situated on ather side of the
fissurc to the Ieft hepatie ven The junction of both vans ¢
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sugrted only shohtly to the left of the et side of the mferior
Vem owa

1f resection of the right kalf of the bver 15 carned out, the

tnver 55 gently reteacted dowawards, stretching the tnangulyr
higament (see fig 110B) Tlisligamentconsistsoftwoleases,an
antesior hgtmentum hepato-diaphragmaucum nd a postenior
one, the higrmentum hepito rentle Between these two leaves
the csmal pole of the Iner is bare and very fable The an-
terior ferfas first divided  the dome of the hver being followed
and care taken to avord snjury to the duaphragm To free the
fnver further, the hepato-renal hgwment 1t the dorsainght side
has 1o be sevend The nght hall of the hser 15 therefore
gently rotated upwards the hgrment beng divided duning the
rotauan, the scissors should remamn close against the Iner to
avoid dimnge to the nght adrenal gland (fig s12)

The night part of the Iner s thus completely free from us
surroundings and s frrely mosable for a considerable distance
m abmost all dircetions When the nght lobe 1s rotated to the
feft, the inferior venn eas s stretched and can be sdenuified by
1ty pertonel covening While this vesse} 15 dissected our the
venac hepaticae breses on thenghtbucome usible {fig 110 C)
Thesevens are attended toafter hgation of the hifar structures

Thisas when hilar dissection may begin The hnver 1s rotated
upwards through the diaphragmanic defect mto the nghe
fower thoracie cwity durmg which manoeuvre the hilar
regon is exposed W hen removing the Iver from sts bed, cre
should be taken nat tooverstretch the nlarstructures {fig 113)

Yor resection of the l2ft haif of the Iner through an abdommal
mewon the left Iiver lobe should be turned laterally ang the
hilum approached from the left instead of from the nght
Hence thesurgcon stands at the kit ssdeof the pauent (g 111)

At the hilum the structures are higated where the trans
verse fossa merges mto the umbilical fossa for a left hem
hepatectomy, and at the nght hilar margm for a night hems
hepatectomy



Fig 120 Right temi hepatectomy seen fr m the nglt
A Skin sncrsons with explerauon «f abdamnal cavity 1 Atcm nal ace on
(nght paramedian £ nght rectus inc1 1 0} 2 Intercestal inerrm 3 kale Fam
Tament B Alde men and thorax rpened 4 Thoraoe easiny 5 Ian «finciam
of daphragm € Draphragmatc arch Hepat ~hapl ragmat ¢ ! gament
stretched as result ¢ pulling down 11g? € half of he hives
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After ligation of the Glissontan structures 1t the hlum of
the hner, the latter will, theoretically, shunk and turn pale
on nccount of the depletion of blood on one side This how
ever 1s frequently not the ease, s we observed in dogs 1nd as
was noted during 1 hemt hepatectomy  Nor did Bax see any
decoloration mn lus cse

Before the liver1s divided  the plane of resection 1s marhed
by 1 sharp dinsion of the liver eapsule Then blunt division of
the Iner 1s dwvisable, as performed by us first in dogs and later
1n 1 patent, its ndvantage 1s that the hepatic venule  crossing
the plane of resection are not opencd, on the contrary, theycan
be dissected out ligated and divided (fig 110 D)

Both to prevent hiemorrhages and njury to the medral
hiepatic vein we advised resection of the liver along a plane
prallel to and only shightly to the left (in 1 left herm hepatec
tomy) or to the night (in a nght hemi hepatectomy) of the
fissurn media so 1s todctahze as httle tissue as possible (Gans,
1954}

The raw hner surface 1s then re pertonealized {omentum
faleiform hgament gall bladder, etc )

B Hepato lobectomies

Left hepato lobectomy The umbihical fossa 1s dissected out and
the two (occasionally three) segmental branches of the left
lobe are 1dentified the cramal vein the mtermedial vemn and
the caudal vein of the left lobe, the first 1t the convexty of the
lefi portal vem the latter at the saceus {fig 111) In all our
specimens the Glissoman structures joined at these pomnts to

12 111 Left hepato lobectomy
A Midl ne ncssion B Left lobe turned upwa ds lesser omentum removed Left
side view
1 Left lobe 2 Lue of mas on along lesser omentum 3 Ligamentum teres
herats 4 Transverse segment of left stem [ the portal vein 5 Vena caudals
lob simstri 6 Vena cramalis lobt smistry 7 Left hepat ¢ ve 8 Vena cava
wnferior g Caudate lobe 10 Quadrate labe 11 Colon
Resection of left lobe Left stde view
U Leftlob 12 Hepatic venules 13 Back of the handle of the knmif
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big 112 Disist nof the higamentum hepatoerenale seen from dexr moa fatls
1 Iner 2 bare Iner arca 3 ligamentum hepat ~renale
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nd night portal vein are identified and Iigated near the ught
hular masgn In the umbshicnl fossa the eapsule 1s incised ~long
the quadrite lobe, the Glhissoman pedicle of the candal aren of
the left paramedian lobe 15 dissceted out and widely hgated
The nght ind medial hepatc vemns are dissected out 1nd
higated t the cramal pole of the Iner The lner is opened
along the left mterlobar and dorsal fissure m 2 downward
direction 1s Far as the sagittal part of the left portal vein At
this moment the Ghissonian prdicle of the ventro eraniad part
of the left parimedian lobe 1s attended to It 1s dissected our
at the ventral aspect of the sagiteal part, hgated and divided
The pars dextra 1s now rotated so that the hlum can be
approched from the front and its structures dissected out of
the transverse fossa  The Glissonian pedicle to the night Iner
half 1s hgated and divided after which the whole pars dextra
is freed from the surrounding parts and ¢an be taken out
The raw liver surfice 1s then re-penitone hized



Chapter \I

IHF CARE OF THF PATIENT BFTORE,
DURING AND AFTER HEPATIC SURGERY

The fundrmental principle upon which hepatic surgery was at
anc ume thought to be based 15 the organ s tremendous rege
nerative ¢apacity n attnbute which even the ancients pro
bably recogmsed as witness the Greeh myth of Prometheus
Tt will be remembered that as a pumshment imposed upon
him by the gods part of lus Iiver was picked out every day by
1 bird of prey and  according to the story was able to sunave
for centuries because the hiver restored rself completely over
mght

Since Gluck (1884) and Ponfick (188g) resected large parts
of the liner tn animals, 1t became common hnowledge that up
to 80°, of the organ c1n be removed without 11l effects to the
organmism while the remnant regenerates to such an extent
that the organ regains its pre operative weight within a rela
tively short period of time

This regeneration however 1s subsequent to resection Yet
the patient ives on and as a rule the residue of the liver conti
nues to function normally

Indeed as Schalm and co workers (1951-1954) have point
ed out the fact that a patient 15 able to tolerate so extensine a
resection 1s not due primanly to the regenerauve power of the
Iiver but to 1its  functional reserve capacity which enables
the organism to function normally on 20°, {or more) of the
normal hiver tissue They ascertamned that when a large part
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of the organ1s  fanctionally * lost, the various function test
howcver subtle, rarely show any alteritions, provided the
hner was normal to start with

Regeneration only takes place secondanily’ Hence 1t 1s of the ut
most importance that the organ should be functionnlly i the
optimum condttion when part of 1t 1s to be resected, because
the ‘reserie capacity ” of the organ wall decrense s its condi
tion detertorates In other words, the function of 2 normal
Iiver cant be carrted on by 1 remundcr represcating 1t least
20% of the normnl waght of the organ However, an exten
stve resection of this hind performed upon 1 liverinaworsecon
diton m1y result 1 fuling compensttion of its functionnl
cpraty which s chimically mamifested s hepane falure’

Schalm 1nd co workers explun along these lines why the
function tests made upon v hver affected by locahsed patho
logy—as contrasted with livers affected by generahsed hepa
ta cellular disease—are usually normal

Acceptance of this conception traphes, 1f surgery 1s dectded
upon, that it becomes 1 duty to make every effort to mncretse
the functional resen ¢ capacity of the orgn so s to woud the
risk of 1 post operttuve hepite fulure, for which we hope to
provide 1 number of rules in this chapter

As has been stated, Ponfick was able to remoyve two thirds
to four fifiths of the hver, following which the ammal recoverud
winle developmg hypertrophy of the spred part New lwer
ussue was observed within about five days, and the werge
pre operative weight was recovered fter six w cchs or there
abouts (dogs) tn patents this period w1 within 70 dys
(I ocalio & Satz 1950

The regeneratne cap ety of the hver 1s reduced if the free
drunnge of bile and the portal blood supply e hampered
Nasse (1894) and later Mann of al {1920~ 29), nd Schalm
et al , demonstrated that bloching of bile ducts results in 1
trophy of the parts of the hiver deptned of thetr Abulity to gnve
off bile 111 these ducts This wrophy however will be com
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pensited by the hypertrophy of the other parts of the hver
Teft with frec bilinry outflow  Simibar results were obtamed
After occlusion of one of the branches of the portil ven (Mann
el al , Schalm et al )
I'ners of young rus regenerite more rpdly than those
n old rus (Buchner et of  19y7)
A group of rats was put on 1 low protein dict for some tme
and then subjected to 2 70%, hepatectomy  this led to the
deth of most ammals (Gurd & Vars 1949)
\Mann et el who made a thorough study of the problem of
regenerition, pomnted out that restrictions of the restoratise
power of the hner are Iargely dependent upon 1 decreased
portal blood flow and myunies to the hver such s cirrhosis
restricting the portal blood flow will further ud 1o this cha
racteristic
The regenerative process 1s fuoured by tigh carbohydrate
dicts (Davs & Wihipple 19211 high protein dicts (Gurd &
Vars 1948 Vars & Gurd 19435) dicts nich in vitamuns
(Denton & Ivy 1948), and by some hormones such 1s adrenal
cortical extracts thyroid hormone in moderate doses and
testosterone Occlusion of the artenal bloed supply does not
scem to exert iny adverse influence on the regenertive pro
cesses wn the 1at (\ales et ol 1952)
It 1s not as imperative 15 n the case of the lungs whert
every type of rescction s attended by 1 loss of funcuon to
choose the smallest possible hepatic territones forresection
(1¢ segmentectomies}), thanhs to the great  functional reserve
capacity of the organ and its regeneratne power At present
therefore we re not i fan our of segmentnl resecuons for the
following reasons
(1) The morbid conditions in the hiver are only rarely hmited
1o one segment, generally extending across the segmental
borders into the adjacent segments

(2} Segmental resections are techmicnlly much more difficult
to perform (and therefore are more hazardous to the
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patient) than somewhat more extensive rescctions, which
were discusced previously

A SOME REMARKS OV THE PREPARATION
OF THE PATIENT BEFORE SURGERY

It 1s imperative to obtain some insight into the pre operatne
state of the organ The first step 15 to enquire 1nto the dietary
history of the patient It s highly important to record not only
the quantity, but also the quality of the foodstuffs usunlly con
stituting the patients diet The daily consumption of mett
(especanlly as regards fat meat and grawvy ), fish and fow ], fruat
and vegetables, dairy products, condiments and spices (pepper,
pprihn, sambal, vinegar, curries, mustard, ctc ) should be
known These dat? can be obtained from the patent or his
family Tactful questiomng may revetl the patients habits
with respect to alcoholic beverages, 1 Anowledge of kind and
amount of the duly alcohol 1s also required

Anorexra and loss of weight may be indicatine of protun
deficiency, this my be espeainlly the case of there 1s 1 con
comtant hypoproteiniemia

Our decision whether operation should be performed 2t once
or postponed until correctn e measures hy e taken therr effect,
1s partly based on the hnowledge guncd from the pitient of
his fimily  Opumal nutntional conditions are imperitine, 15
they constitute the most important prophy lnctic f1ctor, helping
in protecting the Iner agamst dimage by ‘varous noxious
substinces and in promoung the regeneration of hepauc
tissuc
The Iner 1s hughly susceptible to dietary deficiency, fre
quenthy caused by dietiry imbalnce, the resulung changes
the Iver cells may be indistnguishable from those ciused by
toxic 1gents or anoxir These deficiency condinions should
therdfore be corrected by diets rich mn crbohy drates, prowins
and vitanuns A fos hints may 1ptly be given here ret,1rding
the duly consumption of these foodstufis
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Carbohrdrates Clycoyen besdes exerting a protecting effeet on the lner
cells also may act 13 4 proten spanng agent On feeding 100 grams of
proten 8, of these proteint ingested are spared consersion to carbohy
drates f the carbohydrate imtake 13 adequate (Bollman 1941

Woodyath of af (t91,) found that Go g of ntrasenously administered
glucose per hour could be utilized by 1 normal man without the develop
ment of glucosuria  This 13 4, g hrgher than the basic metabolic require
ments which are munly stored an the Iner 1n the form of glycogen Opie
% Alford (1914} proved i animal experiments that though the liver 1s
able to accumulate consuderable amounts of glycogen in normal cases 1n
the event of lner damage higher blood glucose concentrations are requir
ed before glycogen can be stored In the Intter case intravenous admunis
trition 18 necessary to supplement the oral intake This method of ad
ministration 13 also preferred in case of vomutung or when carly surgery s
indicated and there 1s only a short time available for proper preparation

The amounts of carbohydr 1les given daily should vary between 300 and
500 g {(Morrison 19347) Foods rich in carbohydrates are potatoes fruits
vegetables sweetened fruit yuices cercals honey candy jam etc If the
mtrar enous romte 13 chosen for the reasons mentioned above invert sugar
{composed of equal parts of dextrose (b glucese) and laevulose (D fruc
105¢)) 18 better than dextrose
Proterns: Darly amounts of at Ieast 100 g protein have been aduvised some
authors go cven as far as recommending daily intakes exceeding 200 g
{Mornison)

The tmportance of this dietary component in the conditioming of the
Iner against injury caused by novious agents has been emphasized by
various mestigators (Radvin o af 1929 Himsworth & Glynn 1944
Smuth et al 1928 ctc)

The process of detoxication 1s only partially understood 1t may take
place by conjugation of exogenous poisons and ammo-acids by the
absorption of tovic substances by plasma proteins (bile salts) throughim
mumty or to (globulin or by pro
cesses 1n which proteins are required for the formation of the enzymes
MMobilization of fat from the liver cells decreases the susceptibility of these
cells to imunes certain amino-acds  the so called lipotropic agents

wung as methyl donors 1 the process of transformation of fat into plasma

t are 1nd ble (choline

The huer 15 able to cope with excessive amounts of protewns (Dock
1947) Milk cheese lean meat chickens and gas are foods rich 1n pro-
teins milk 10 particular 1 to be recomm ded (Schalm 1g,1)

In view of the fact that one Ltre of whole blood contuins only about 150
grams of protein 1t will be evident that the amount which can be admims
tered m this way 1s isufficient to correct a severe state of hypoprotein
aemia

Oral intake or tube feedings are therefore unperative but additional
wtravenous admimstration of whole blood 1s mndicated 1n cases of anaema
and hypoproteinaemia berause these patients are more susceptible 1o
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post operatine haemorrhagic or traumatc shock (Ravdin ef of 19,1)
e most important factor to be borne 1n mind in the composition of 2

dict 1s 1ts palatabulity It 1s therefore impossible to ehminate all fats (Hoag
land 1945) Small amounts of fat not only improve the savoriess of the
diet but morcoser promote the utilization of carbohydrates as well as of
protemns (Ekehjem e al 1947)

Feeding by stomach tube 1s accasionally necessary for those patients
who are unable to eat or who arc unwilling to take up sufficrent quantities
The food mixtures used should always be prepared freshly in order to
pl'C\(‘n! contamination

¥ ttamuns are as essential in the diet as proteins both arc needed for the
preduction of enzymes

The daily thizmin requirement—nccessary for lactic acid metabohsm—
1 10-20 mg by mouth or intravenously and of macinamde 50 100 mg
Nicounammde deficiency may lead to hepatic msufficiency with concomi
tant porphyrinuna (Rabky & Newman 1943) Folic 1aid scems to pos ess
a hipotropic effect vitamin C promotes the utihzation and storage of car
bohydrates n the finer and participates in the intermedtary metabolism of
some amino acids (tyrosinc) It decreases the deposition of fat n the hver
and protects 1t agamst damage Luer extract 1s a powerful protective
substance and promotes the regencration of this organ (Forbes 1939)

The rel hip between protk bin concentration of the blood and

he r
vitamin K s well known

A number of medical conditions mfluence the operative nish
¢ ¢, endocrine disturbances such s diabetes hyperthvrodism
morcover cardine hepatic and rennl affections

Generally speaking, cv1luation of the patient and Ins car
dite hepatic and renal reserves, nd correction of the func
tional disturbances of these organs as far s possible, me ne
cessary 1f the body 1s to be 1ble to cope with the strun imposed
by hepatic surgerv Examuination of the patient by 1 speenlist
of internnl discases 1s therefore 1 wise policy !

B DANCERS AND SAFEGUARDS DURINC SURCERY

Dunng surgery 1 number of problems anise such s preven
tion of 1r embolism  the choice of the 1naesthetie, the reaction
of the organ to mampulation 1t onc of its gatew1ys ete which
will be discussed here briefly

In 1911 Ficgel instituted 10 imvestigation into arr embolism
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& Probstein (1949), who studied the degree of 1ssimilaton of
infused glucose The maxmmum hyperglveaemin occurs imme
diately fter the operation, followed by 1 fall towards the pre
operamn e blood sugar level, which 1s usualls reached within
about eight hours There 15 a close rclationship between the
bsolute rise of the blood sugar level and the duriton of
naesthes1n In cases of post operative shock the blood sugar
fevel 1s lso mgh

Moreover, the Iiver plays an mmportant part i the mact
1tion or detoxification of numerous substances It s therefore
not surpuising that the duration of the 1ctnvity of thiopental
(pentothal) 1s considerably prolonged n paucnts with Iner
affections (Shidemnn ef of , 1949} Cats, partially hepatecto
muzed after anaesthesin with certamn drugs {chloral hydrate,
brometol, thiapentone and soluble phenobarbitone), remuned
unconscious for 4 longer time thin normal ammals (Wniker &
Wynn Parry  1949), which shows that these substances we
detoxificd to some extent m the Iver Ths fact ought to b
taken mto account while planning 1n extensive resection

Some amaesthetics exert an adverse fluence on the func
uon of the Iver Bourne ¢t al (1930), for example, observed
imparred Diver funcuon for 1 period of eight d-ws, cawsed by
g0 minutes chloroform anacsthesia Two hours anaesthes
with this deug led to alterations 1n the hepatic function for st
wechs Chloroform s therefore the most notorious hepatotoic
anaesthetic agent

Ether anaesthesta causes only 2 shght depression of the lner
function, 15°, dyc retention 15 found after 24 hours in the
BSP test, but the values returncd to normal afier 48 hours

Bourne (1939) demonstrated that mitrous oxide or cihyfune
anaesthesa of 1-2 hours duration did not cuse smmedinte of
remote impurment of the hepaue funcuon i sufficient oxygen
w1s admnistered 1t the same time, of Al ammnls the function
w1s affected however, 1if the percentage of oxygen Admrmster
ed was dehberately reduced The values did not returs @
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Burton Opitz (1911) found the following figures 1 Aammal
experiments 1bout 40% of the oxygen required 1s transported
by the hepatic arterinl blood, which constitutes only 1bout
25% of the totnl \mount of blood reaching theltver The port
alven carries about 75% of the total amount of blood, contn
buting with 609%, to the total oxygen saturation

The previous paragraph shows that the hepatic arten, Al
though carrying only 2 minor part of the total hepauc blood
supply, 1s of sery great importance s regards the oxygenition
of the Iver A great many publications on the results of oc
clusion of tis artery have been pubhshed stnee Valpight s
obseryatons 1n 1699, who noted 10 ammals that Ligation did
not interfere with the sceretion of bile

s pomnted out by Von Haberer (1gos), proximal higaton of
the vessel 1s rendily compensated by numerous collaterals

We have already discussed that, under normal conditions
most of the branches of the hepatic artery 2t the ilum re end
arteries in the sense of Cohnhetm Interruption of the proper
hepatic artery distal to 1nastomoses with other vesscls (gstro
duodennl artery, night gastric artery, ete ) or t the hilum of
one of 1ts branches may lead to changes varying from very
muld ones to extensive necrosts of the areas deprived of thetr
rtenial blood supply , the Iatter condition 15 usully associrted
with necrotic changes in the wall of the gall blndder

Doys ahways died after hgation of the hepanie artery, of the
site of igatton was distal to the wnastomoses mentioned (Von
Haberer 1905) Narath (1915) was able to provent death by
anastomosing the hepatc artery with the portal ven Tver
protecting agents were entrely unable to change the course of
wvents (Banatt ef al 1952), which means that the ncute
hepatic necrosss, with or without rupture of the gall bladder
that followed the igntion was apparentdy of 1 toxemic rather
than of 2 simple nutriional nature

In tgog Wolbach & Suki demonstrated the presence of
spore beaning anacrobic micro orgamsms n healthy dogs
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this finding was confirmed by Markowitz in 1919 and by
many others subsequently  1This (et explans the scptic chimenl
manfestations under which these dogs wheon deprived of their
artertal blood supply, dicd sathin 4 period varying from 1,-6o
hours

The picture w s completely changed however by the usc
of antilnoties espeainlly pemicillin and aureomvan (\Marko
witz) Untreated dogs show 1 fital septic necrosis of both hver
and gall biadder, the porta] vemn branches being filled with
masses of bacten (Hartroft 1917) Of the dogs treated with
ntthioties about two thirds of the survivors showed a dim
mished liepatie function dunng the first few davs, but the
hepatic insufficiency had disappeared by the 12th day after
operwtion (Frazer of of  19,1) This leads to the assumption
that the anubiotics prevent the nierobic micro orgamisms
normally presentan the dog s bver from growing nd releasing
their toxac products on thie suscepuble liver cclls during the
peniod of hypossa between the moment of hepatc artery
higation (Markowitz 1949) and the ume when the collateral
circulation 1s probably bl to t1he over (Von Haberer 1905
Segall 1923)

Though Romicu & Brunschwig (1941 )werc unable todemon
strate similir micro orgamsms i the liver of healthy human
bengs Towe ef af {1951 found that several livers of patients
who died after hepauc artenal ligation contained gas pro
bably originating from 2 fulminating mfection by anaerobic
87 producing bacilli which are normnlly present in the 1ntes
tines and probnbly trinsported to the Iner via the portal vem
or bihry canabiculs

Though formcrly compression of both hepatic artery and
portal vein was recommended during hiver surgery (Baron
1910) at present 1t 15 realized that this can only be done as a
last resort—nnd then for as short a ume As posstble

Sudden occlusion of the portal 1ein causes a transient shrinkage
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of the ver, wath return 1o normal within = few munates with
out any change 1n colour Compression with total occlusion
of the portal veir 2nd 1ts results are discussed by Poch &
Grover (1952) These authors observed 1 sharp Nl of the
artenial blood pressure immediately after sudden occlusion of
the portal vern Thus fall appeared to be of a reflex nature nd
1t was followed by a further but gradual reduction of the
bloou pressure, which caused death n deep shock within an
hour This secondary fall ws apparently due to chinges i the
bloed volume The wmpression was gamed from these expen
ments that the imtial f411 of the artenal blood pressurc origin
ated 1n the splanchnic mesentery and not n the hver % tem
porary suppresston of this response could be effected by mens
of corticatrophun (ACTH), butnot with cortisone The gradual
secondary decreasc 15 a result of blood pooling within the
penipheral portal system

Gradual occlusion does not ehert this response, 1f 1 sufficsent
ly long period 1s allowed for the devclopment of collaterals

However, 1n a number of cascs, recently operated on (pan
creatico-duodenectomy} by Child e af (1950), deliberue
sudden occlusion of the portal vein by means of hgation was
tolerated 1n both monkey ind mn The blood pressure in
most instances returned to the pre operative values within
20-30 mnutes

We have seen that the temporary or permanent occlusion
of the portal vun and proper hepatic artery often cinnot be
tolerated and 1t remasns to add that in many eases the occlu
ston of branches of the vena hepatic system mny lead to fatl
results This depends largely on the area of the hver that s
deprived of tts means of blead drainage

Obstruction of the kepatic rens (Budd Cluant Syndrome),
though 1n general duc to 2 primary endophlcbivs from the
hepatg vcins or to obstrucuion by tumour or abscess, my be
the result of 2 techmical error during surgery Oceluston of one
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or more branches may resultin the 1cute form of the syndrome
1t 1s chrctenized by 1 sudden aceess of abdominal pun
naser and vomiung  The lver and spleen enlarge rapidly,
massive aseites 1ppenrs, usually followed by denthan bepaue
com within one to four weeks  he diignosis nte mortem s
difficult onlv ten of the cses reviewed by Thompson (1947)
were dingnosed ante mortem  Gridual occlusion of the va-
rious trunks of the hepate sein 1s rccompamied by atrophy of
the part which is unable to drun ats blood and followed by
hypertrophy of the residual normal organ (Murry & ham
mel 1949} Trom these frcts 1t s clear that dunng surgery
care should be exercised to noid mjury of the myor hepatie
vans marhing the plane of resection

Although occlusion of smallcr vessels may often not hase
fatal results the newd for eareful preparation at both gateways
of the hner will be obyvious from the preceding piragriphs

Upon completion of the operation we adwise lewing one
drain mn the subdiaphragmatic 1ren and another agunst the
hver mn the region of resection The removal of these drains 1s
cffected 1n the stme way s 1n other fields of surgery

€ ON SOME COMPLICATIONS IN THE POST OPERATIVE PERIOD

Many complications may occur 1n the post operatn e period
namely those assoctated with this special type of surgery n
particular and those cident upon any type of surgery, gener
ally We shall be manly concerned with the former, the latter
can be found 1n any textbook on this topic Our subyects will
be post operative shock portal ven obstruction cholerrhagia

pulmonary comphcations paralytic ileus Iiver cell embohsm
mfection and hepatic fallure

Shock has a very adverse cffect on the condition of the liver
Friedman e al (3951) observed radiologicalty a narrowed
mtrahepatic portal vascular bed m the dog while Seneviratne
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of the liver, with return to normal within 1 few minutes with
out mny change in colour Compression with total occlusion
of the portal vemn and 1ts results 1re discussed by Peck &
Grover (1952) These authors obsersed 4 sharp fall of the
arterial blood pressurc immedately after sudden occlusion of
the portal ven This fall appeared to be of 4 reflex nature and
it was followed by = further but gradual reduction of the
blood pressure, which crused death mn decp shoch within an
hour Ths sccondary fall was apparently due to changes m the
blood volume The 1mpression was guned from these expen
ments that the imtinl {111 of the arterial blood pressure ongim
ated 1n the splanchnic mesentery and not m the Iver A tem
porary suppression of this response could be effected by means
of corticotrophin (ACTH), but not with cortisone The gradual
secondnry decrease 15 1 result of blood pooling within the
peripheral portal system

Gradual occlusion does not cheit this response, 1 sufficient
ly long period 1s allowed for the development of collaterals

However, m 2 number of cases, recently operated on (pan
creatico duodenectomy) by Child et ol (1950), deliberate
sudden occluston of the portal vein by means of hgation was
tolerated win both monkey nd man The blood pressurc
most instances returned to the pre opertne values within
20-30 muinutes

We have seen that the temporary or permanent occlusion
of the port1l vun and proper hepatic artery often cannot be
tolerated nd 1t remuns to add that in many cases the occlu
sion of branches of the vena hepatica system may lead to frtal
results Thus depends largely on the area of the Iner that 1s
deprived of tts means of blood drunage

Obstruction of the hkepane rens (Budd Chiant Syndrome),
though 1n general due to a pnmary cndophlebitis from the
hepatc vens or to obstruction by tumonr or 1bscess m1y be
the result of 1 techmieal error during surgery Occlusion of one
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(1949} found 1 nrrowing of the sinusoids during by potensic
conditions following haemorrhage m the frog

Wiggers (1946) found 1 reduction of the portal blood flow
through the Iiver during periods of hypotension

Itas nssumed that hepatic ot s followed by 1 narrowing
of the smusoids or else by swelling of the Iiver cells to such 1n
extent that the hepane cells are no longer accessible to ade
quate amounts of oxygen In course of time 1 vicious arcle
develops and the changes my become wreversible (irrever
sible shock)

If the condition of shoch lasts longer than 24 hours, the
mtal swelling of the lner cells results 1n 1 centrilobar ver
cell necrosss (Ellenberger et af | 1951)

In Delorme s expeniments (1951), m which the her of dogs
w1s perfused with oxy genated artersal blood while the ammaly
were hept 1 1 gnven level of hy potension, these dogs showed
marhed mncrease mn resistance to the duration of hy potcnsion
15 compred with controls, up to prolonged periods

Narrowing of the ntrhepaue portal vascular bed m7y
morcoyver occur after 1 3 1riety of coudrtsons 1 swhech the lner
cells wre dumaged, such 1s indequate diet, mcorrect anaesthe
st1, surgical traumn, nfection, foss of blood, respirtory
trouhles, ileus, cte , all thise conditions arc commonly cn
countered after surgery

It1s easy to see thae these varous Fctors may well tend to
render 1 post operative shock caused by traumyy, hacmorrhag
cte wrreverstble When trenting for shock 1t ss necessary, m
addition to coping with the direct causc of the shock, to det
igorausly with 1y damage the hver may hnesuftred, using
whole blood and oxygen It has been found, morcover, tht
Antbiotics ke peuctllin und wreomycin we usefal udsin the
treatment of shock (Fine etal ) 1t 1s assumed that anacrobie
spore beanng muceo organisms have an opportufity of pro
firung dunng the pertod of hepane hypovia wnd tins ¢
be pravented by admmstening antibiotics
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the opposite side every two to three hours Any drugs cxerting
a harmful effect on the respiration should be 4y orded Regular
chest exammations, especinlly on the night side and in casc of
doubt, X r1y examination, are necessary

The occurrence of luer cell embolism following hepane trama
1s 1 comphcation unfimiliar to most authors Jurgens {1886),
Von Reckhnghausen (1886) ind Schmor! (1888, two cases)
were the first to recognize the occurrence of embohc dissemina
tions of liver fragments following triumatic mjury to this or
g According to Kaufman, the presence of ver ccll em
bolisms 1n the pulmonary artery 1s not n everyday observa
tion and has so far been obseryed only microscopically (1931)
This 15 not altogether correct, because the first casc descnibed
by Schmorl was detected macroscopically i the pulmonary
artery The same observation was made by Willer (1935)
Usually, howeyer, the emboli are only detectable microscopic
ally, but they may stll be the cause of death 1n the event of
massive dissemimation via the open hepatic vemns It mostly
occurs fter crushing external anjuries, but also following
hepatic surgery The madence of pulmonary embolism fter
Iiver surgery 1s high, tnd several of the cases reported wert
probably due to this cause

We thercforc once more wish to emphisize the tmportance
of blunt diuision of the In er during operations, with hgawon of
the hepatic venules crossing the plane of resection, before ther
dnision, 1 technique which we 1imagine, will at least parths
circumyent this complication (sec p 174)

( holerrhagia ¥ chage of bile with locahized abscess formation
generilized biknry peritomus  bihary empyemn or bilinry
fistulae hwve been described, espeanlly an the period when
consen ative treatment of Iceritions s ts still the rule Norml
bile does not scem to cause 18 much harm as nficted bile, the
first 1s cither encapsulated wnd slowly resorbed, or 1t grues 11s¢
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to an nseptic chronic pentomtis Infected bile causes fulmina
ng pertoneal sepsis, leading to ripid death (Noctzel, 1910)
All free bile should be removed during the operation, and
there should be 1 carcful check on lelage by compressing
the gall bladder (sce p 180}

Infections The frequency of abscess formation 1s reduced by
lewving dramns in the subdiaphragmatic space 1nd agamst the
arex of hiver rescction In this type of surgery, however some
devitalized lner tissue will always be spared, because by
carrying the rescction too far, healthy tissue will be mnvolved
m the end, resulting 1 hacmorrhage

Although we do not wish to advocate the routine use of
antibiotics, we stll feel that these theripeutic agents (usually
pemaiilin or rureomycin} should be given for a peniod of 7-10
days after the liver operation this opimion 1s based on the
obseryations of Marhowitz and others mentioned before

The devitihized Iiver tissue may have a twofold effect The
first as a toxin released from the tissues by autolysis affecting
both Iner and kidneys (Mason ¢f ol ) and the second on an

mfllammatory basis due to fulmnating infection of dead
tissue (Markowitz) Whether pre operauve sterilization of the
mtestines which 15 most probably the source of infection
ought to be recommended 1s an open question

Every abdomnal infection as shown by Serege Wassink
etc, 15 a severe drawback upon the hiver and ought to be
treated vigorously

Reverting to our pomt of departure 1t appears that the
normal hiver 1s endowed with a superlative reserve capaaty
which may however be impaired by 1 varnety of factors As
we have seen some conditions may recoil upon the general
condition of the organ and reduce 1ts reserve capacity

Any functional msufficiency there may be m the residual
part of a resected hiver 1s seldom due to one speafic factor
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Usually 1t 1s 2 numbcr of comncident fctors which arc jointhy
responsible for the myury suffered by the cells of the hvcr

Disturbed hepatie function tests have shown that the func
tions of the hyer are subjeet to fuling compensation It s in
cumbent upon us to bring 1l our knowledge and encrgy to
bear on the prevention of this hepatic fardure by chimnating, 1s
far as we can, every mcipient cause of such 1 condition Hence
the necessity for proper pre and post operative treatment of
1 patient undergoing hepatic surgery

Heyd, Boyce & McTetndge, Helwig & Orr, who madc
cxtensive studies of hepatic msufficiencs after operttions
distinguish two forms of hepatie fulure The first form, the
acute type (Iner death, Hayd 1923Y, usually becomes mam
fest immeditely after the operation, 1t 1s charactenzed by
hy perpyrexia, and tachy cardin, assocrited with rapid develop
ment of lethargy, stupor and comn, death following within
18-36 hours after the operation Marhed degeneratin e hepatie
changes are generally found m this type

The sccond form 15 usually 1 subacute or chronic type o
hepatic fulure, mostly ansing scveral days to wecks post
operatively, 1f the functional decompensation resulting from
surgical traum 1s not countericted Death follows within
10-14 d1ys or cven longer symptoms of sesere renal insufft
ciency predomunate 1n addition to more or less pronounced
evidence of hepatic msufficiency  progressn e oliguri the
appearance of albumin exsts and frequently crythrocytes m
the urine Helwig and Schutz describe the chmeal course 1s
follows
Ihe patent usually lapsed into 2 muttenng deltrium
which rapidly progressed 1nto com and the mtrogenous
dements of the blood groatly mereasad, wlile the uninarn
nitrogen strikingly decreased At 1bout this ume nauser and
vomiing sometimnes became promunent symptoms Ihese
Intter symptoms were most marhed i the post operitive €15
from the 5th to 8th d v when with the remoy Al of the stitches
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1 decrded delay or even absence of wound healing was often
observed Practically always some mucous surface bleeding
was noted and m many nstances 1t was so strhing that the
vomitus and stools consisted almost entirely of blood The
clineal picture then progressed, as 1 rule to that of profound
urtiemia low grade generahized ocdema deyeloped and almost
tot1} anuna followed The retention of the mirogenous pro
ducts 1n the blood became more marked and the pauent died
1n a state climeally resembling uracmia
This description 1s exactly that of the chronic hepatic 1n
sulliciency syndrome

Sumilar to cardiac decompensition which occurs when
a new burden is thrown upon the circulation the Iiver 1s able
to mamntain a standard pattern provided that the reserve
capacity 1s not needed however when the pauent 1s subjected
to 1 surgical operation the liser has no resenve capacty for
sustaimng this new burden Thus the iver permits the normal
toxie substances from the intestinal tract to pass undetoafied
nto the general circulation These impurities plus toxic meta
bolites from necrotic hiver cells overburden the hidneys with
attempt to take over the duties of the Iver (Boyce et al ) When
the Lidneys are thus forced to assume the detoxifying function
of the liver this added physiological necessity results mn renal
decompensauon Hence 1t can be appreciated that mtial
hepatic exhaustion produces renal msufficiency and death
(Ficarra 19,0)

Both syndromes are the mamfestations of the same process
We believe that the so called liver death or hepatorenal
syndrome 1s a single pathological process in which the hepatic
changes always precede the hidney changes In our opimon if
the patients who die promptly with hyperpyrexia and who
exhibit liver degeneration at autopsy could be kept alive long
enough they always would show preasely the same chimcal
and post mortem renal changes as do the patients who die

Inter with typical symptoms of uracrma  (Boyce et al )
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Changcs 1n the yver and the hidncys (com oluted tubules)
vary from 1 hight to severe degenceration

Prophylus should um at preventing 1 lrge residuc of
devatalized Iiver tissue, because there 1s strong evidence that
protens, rcleased from these devitahized parts, act s tovns,
affecting both hver and hidneys (see p 148)

We do not proposc to dcal 1 exlenso with the treatment of
thevnous complications reference may be madeto textbooks of
mterntl medicine for treatment of the different forms of hver
fulure Qur aium has been to pomt out the nisks to which the
Iner—and hence the patient—is exposed and, wheraer
possible, to suggest in brief how such risks might be werted
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cochlen dstrictum tubulum hibeat  ete’ He was the first
to describe the intrahcpatic ranufications of bile ducts nd
artenies

T Ruysch correded his mjected spectmens, but both meth
ods tre unknown, becruse he hept them scerct

Licberhubn (Berhin, 1750) described, next to 1 numbcr of
matenals he used for injcction purposes {mitures of wax, with
cdophononium and turpentine added etc ), some carrosion
medry, such 1s esprit de nitre, assez fort (nearly concentrated
nitric ncid) or sulphunic naid, detempte dans Pew, Jusqu 1 e
que I 1erde ut dissous ce qui n est pis dans [ aire, ete

One of the greatest wthoritics on njection corrosion nn
tomy was Hyrtl, who made 1n extensive study of pricucally
cvery hollow structure of the human body nd of 1mmab
mcluding the heart and its vessels, lungs, Iiver, spleen, hidneys
ctc His book ¢ Die Corrosionsinatomie und ahre Irgebnisse
Vienna 1873 embodics the results of 12 years of igjection
corrosion nitomy

The mtroduction of . rys i medicine cnbled 1 method
of myestigation to be evolved (deseloped by Von Hildebrnd
1ga7) by which radio opaque medin are ngected inlo the
int 1 organic hollow structurcs  Martens (1920) ustd this
technique to study the ntrahiepaue course of the hepatic
wrtertes Segall (1923) did the same for All the mtrahepate
structures following which thus mcthod w1s used by suverid
ather authors for the stme purposc

Since the discovery of plasties 1nd stmilar products these
materials have been used 15 n tycction medram ta the myee
tion carroston techaique, 1t first pphed to the study ol the
1natomy of pulmonary structures and the vesscls of the hort
more reeently to that of the liver s well

\ethod l
A pressure chamber obtuned from anold Mshioned dise lfd(;
witoclive was divided mto fourcomparimonts iy, 114 1l
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comprrtment ws deuned by 2 mual tube Pressure was ap

phed by means of compressid carbon dioxsde, which was

prsed through twa pressure reducmy, vahus, the second one
'v
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being used to check the pressure in the chamber After passing
these valves the gvs proceeded via rubber tubings to an inlet
At the top of the wpparatus The four compartments contuncd
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plstic of dufferent colours The various hollow structures were
cannuitted by means of gliss tubes and connected with the
pressure chimber through rubber tubings The b ers, obtwned
2t autopsy from the Department of Pathology of St Camistus
Hospit1l of Nymegen, were thoroughly cleaned by mechanseal
menns prior to myection Moreover, the cancerous Iivers were
msuffitted with compressed carbon dioxide During the injec
tion, the hiver floated on water The portal vein and bile ducts
werce injected under @ pressuce of 0 1 1tm , the proper hepatic
artery with 1 pressure of 0 4-0 5 2tm and the hepatc veins
with 1 pressure lower thin 0 05 vtm The arteries were first
myected ull the arteral vasculr bed was completely filled,
which w s observed as 1 cessation of the fiow of plistic 1n the
glass connection preces between the rubber tubings Re myec
tions followed mn the next half hour, to compensate. the shrink
age of the matennl Subscquently, the bile ducts and portil
veins were mjected The hepatic veins were the st to be
dealt with

The plistic w1s re injected scvernl tmes on the same day
and the following day after completc sohdificiuon of the
plastic, the hiver was placed 1 1 concentrated hydrochloric
1ad solution (45%) for 3-5 days Removal of the remnants of
hiver tissuc wAs effected by means of 1 fine jet of water from
1 nozzle The plstic which we used was prepared n onr
labor 1tory from polysinyhite (supplicd by Waterhousc Mason
& Co Rotterdrm, Holland) nd tcctone

2000 grams of polyvimlite were added to 5000 cc of e
tone The suspcnsion w15 shiken by hand or with the ud of an
2dapted machmne (as used in serology) unul the sobd ws
dissolved We also used plistord for myection purposes {(sup
plied by Rohm & Haas Darmstadt, Germns) Pigments
were ndded which met the specifications drawn up by I rebos
¢tal namely, they mixed wedl wath the phistic, thes were no;
affected by the concentrated hydrochlonic acid 1nd they dhd

not blecd



red (hepaye rte; Mercyrg sulphyde
blue (portay vem) Prussinn plye
yellow gy, duct Prcric qqg

aer e used the Varous Pigmenyg Suppheqd by Rohm, &
Haqg becyse they suted oy, Purpase 5o much begge,

Vatersay

Our Study ¢ bas n o oloureq pal}\msluc co.

rosion sp clmcnsofnorm'llhu Iners Pecimeng ofcap
Cerous humap dog Iy s d 1 p, Ssiner The a5,
tomy of ¢, Cslivery, il be discyg, d b an, COmpareq
With the A bcc'nusc Part of g, e Surgica] ey,
Perence Satned op g, Inspye { th considerapye dif
ferences [T thepay, Structyreg f thes, o Inep
there g icient peg, blance SO thay With these dlﬂercnccs
and simypg,, S myng Iner 8 may pe of greay
Pracucyy use f XP TMenta] Purposes Y 2 few of the
Organg were nye ted 4 Uit ma nly 1 re Study ¢pe
ntra Xtrahepy, urses of ¢, porta} theyr
Raturg) rclatmnshnp to encp Other ISsections o the hilum f
PProximg, 3] 5 fr Well o myec; meng Were

farned o, to Study ¢he hilar 2natom, for Surgica] Purposes

¢ Nomen,, Ature DPropogeq m thyg Study |5 Festricteq 0 the
Famificatygp, of the firy, 2nd secong order It a topograph:c
al one €Omparapje With those used 1n e Dast fo, Other



Appendic 1T

HEPATOGRAPHY

The prictical imphcitions of the wnatomical datn are cer
tamnly not only of value to surgery In future they will un
doubtedly be useful for dingnostic purposes 1s well

I'nver function tests, which are useful in the determnation
of the extent of hver damage and its response to treatment,
usually fail to give any defimte information m case of tumours
of the ner (Thomns & Zimmerman, 1952)

Up to the present hardly any 2ttempts have been made to
studyv the 1natomieal peculiarities (sce p 170) or certun
diseases (see p133) of the Iner by myecting radio opaque
substances mto the hollow structures during operitton and
tahing \ r1y photos of these structures Y et operatne choln
mography s uscd for the dirgnosts of stenosis of extra hepane
ducts my very well suit these purposes

Several attempts to visualize the heptic structures tn riro
for dingnostic purposcs have been deseribed recenty  These
procedures m1y moreovcr be instructine as to the intribept
1 watomy of one particular Waver for instance one selected
for opcrition

Qperwtion 15 woided n fransabdomunal cholangiorraphs, 15
recently developed by Crrter & Swypol {1952) A needle or
tracr 1s pushed slowly through the abdommal wall into the
Iiver substince If the necdle prerees the swall of the duct, the
resistance tmercses dmumshing agun af the point enters the
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tumen of the duct Wathdraw 11 of the stiletie at tus moment 1s
followed by flow of bile {espeanlly tn cases of obstructive
jaundice) Tins mothod wasaimually tried out dunng explora
tion 1he biceding from the needle punciure and the drunnge
of bile from 1 dry tap were shght and subsided promptly

Radto opjue substances, uyected through the needle, will
cause filhng of <l intrihepatic bile ducts, provided both
hiepatic ducts are open Howeser, transabdominal cholangio
grphy performed along these hnes scems to us 2 difficult and
hazardous procedure

Operatize portal phlebography, nd more recently transab
domral portal phlebographs (Abewict & Campt 1951) cn be
utihized for the same purposes though up to now it has only
senved for dingnosis of portal vein obstructions Several re
ports have already appeared on 1ts dingnostic use smce 1ts
ntroduction {Ieger Middiermss 1954, Aung 1954 wnd
others)

The spleen 1s punctured with the patient under general
anaesthesta, on the side of the antenior axilliry hine in the
gth-roth Ieft intercostal space and 1 needle about s5em long
15 mserted in the antero-postunor direction, the patient holding
hus breath for a few seconds II' however some disturbance of
the blood clotting mechamsm 1s expected, the puncture 1s
carned out mmedintely before the operation with 1 thm
necdle A seratchmng sound 1s heard at the moment when the
needle strihes the capsule of the spleen Blood can be aspirated
when this capsule has been passed The back flow may be
forceful m the event of portal hypertension I dye ss amyected
wto the spleen this organ will contract under the influence of
the stimul itton and the dye will be distributed over the portal
vemn systern This method has only been used up to the present
day for the diagnosis of portal obstruction and the examma
tion of the coltateral arculation The procedure was carrted
out 1 dogs by Tort & Scott who did not find any macros-
copicalor microscopical hustopathological changes of the spleen



226 HEPATOGRAPH\

primary

arteries at thys site

<% N dular metastane careinema o f ghe tver



227

HFPATOCRAPHY

St Ut ooy @ A paned YR A 10 Qg gr B

KIAat
2L
SN




228 HEPATOGRAPHY

ary

&) .(4:!,'/1"’}
':(\3?:1» Wi

Ay el
AR
3

AT, A
SR

© flled in the area between the arr 13§ rim

tumour carcinoma of the tcmach)

carcin ma Only the ar

o

7,

el

i;‘ ﬁ\ —
1)
&
g 11, Metastatc o Tuse



229

iy ATO(‘R APy

S

-

i Vlﬂu.umh(w 4
Sy g.m.«.u:..,
‘ DA
NG
Y o

I3
x

£l

]
]

N A

A b

LS

v Pi
Sroid

S

MW_

N

&

A




HEPATOC RAPHY

230

I VAU SOl mied e v g ans e EEU&: war u:.:rp u ._3 N\ OFt v;

v -ﬁl'w.\.n r W] TR, ey ‘ﬂq' J.
™ - :u = J»w)

- 25 ey




231

HEPATOCRAPIIY

DS UL Poj|Y o SI9UP I PUB SURA Yimoad ayi

Ul sDLE s uqy (el oyt Jo sunun Avemnd;

~

A e TN
-

5

)

20N O[O v thased dneiselowr Jeinp N ozt §



232 HEPATOGRAPHY

Middlemuss, fter using this method 1n 26 patients, did not
observe any bleeding and the expenence of all other ms estiga
tors employmg this procedure (Leger, Aung, and others) was
the same If there 15 no extrahepatic portal obstruction, the
mAjor intrihepatic portal vemn branches are filled 1 this w1y

In 1952 Tor: devcloped a method of visurhzing the hepatic
vetns by passing 1 cardinc catheter mto the inferior vena cava
11 the nght auricle By inserting the tip of the catheter alter
nately into the right and left hepatic vein, each vein wasingect
ed with 709, diodrast, the patient holding his breath s in the
Valsalv test (to obwiate backflow of the dye) Hepaticveno
grams produced 1n this way showed local pathology

What 1s to be expected of the hepatogram of 4 patient with
metastases 1 the Iiver and which structure, after myjection 1§
hikely to provide the most revelatory dat for 1 dingnosis® In
2n endeavour to find the right answers to these questions, we
also 1njected carcinomatous livers at the very outset of our
research because this procedure cnabled us to study the cir
culation of the blood 1n the affected part

Breedis and Young (1954), who 1lso investigated the biood
supply of hepatic tumours, armved at the conclusion ‘that
malignant neoplasms growing mn the ner tend to rcqmre 1n
exclustve arterinl blood supply” This opinion was based on
the study of specimens of Ivers mnjected with Indin ik nd
coloured gelan Prior to the appearance of thewr paper, out
results of the study of the mjection corrosion specimens of
Incrs—with secondary tumour grow ths varying from 1-10 cm
1in diameter in 15 specimens—u cre that there e two types of
secondary tumour growths, e1ch of which shows 1 different
relationship to the hepatic wrtery

The first type 1s that usully encountered, wlich 1s charac
tertzed by the appeartnce of a arreumscribed nodule (figs 115

and 116)
The sccond type, which was only twice encountered m our



Serics of PeCimens 4 the und, CUmscripog form
Probapy, count of © Iy Browth Ty, m
Croscop, Picture op this IPC s 4 g4 f U tissye
8 117), usurljy de ‘anung leng OCcasion,y
Mol Mwhol 4, (fig 118) Ty ty Urremings
Us of the 1wy, €ncer of he 8all blagy nds 1nto
the In e ¢ onigy, n this ty of groy, h th dif
usely Browing fype 3t would Perhapg pe better ¢, spealk of 5
IOC'I”) dffisse 8rowing Bpe of 1stages
Oth ty pes when g, ar; Sccondary, Browth Start 44
T sma)y oUr embolys M the iy o The p dular 4,4, groyg
Ut ecceny, cally ang 1S 151de the 1 € as
Well ag gy locap'py Hlow g
None € in hep, Structypeg € Site of th noduje
Proved ¢, bcmlcd ith Yviny lite 10ma]},
Some mypgy. hepage rter, I bran, 3y p ate Sually 5
Yery shy, distance nto the Penip Ty OUr nodyje
n this g, ¢ largey 3, nches Tound ¢, tumoy,
Noduleg With finite gy laceme, Unatyre i, ther Course
0th arter,, 1 ) (fi 6
We did Vestigate Whether the g Sinally
Present 54 the g0 of th ule Urophreq dy the pro
Cess Xlension of he tumoy, di TIng which sestruclures
Yere pushe, o becime ccludeq Masion o
Mpres; ton) € diffis, ly razunggp Oleyep the arteneg
and mog, Of the , ucts 1ot occlyy, ot the tiny
braney, lhcportahmn brang, €S are g Cept for ajor
Tancheg (g tally gcgy, ded
€r of gall b} T the Iy oy Sy, e1ther
side of o, fi a gf] Stuctyreg be; S occludeg Xcepe
50; mall ke, tie g teria] brap Peney, 2lng noe
furthe, hery of the ¢ Eroweh 1, this

case the 8rowing tumoy, Pusheg ide the Major arteny)
branch, and very, Many of these brancheg are Te-discoy ered
at the borde, line betw eep, tumoy, and norma} Inver tssye



234 HEPATOGRAPHY

None of the structures 1n the viciity of the tumour are filled
howeser, which provides evidence of 1 considerable pressure
exerted on these vessels, with or without occluston from within
by thrombosis and/or inyaston by tumour cells

The practical lesson afforded by this fact 15 that m 2l
types of secondary hepatic malignancies the portalveinbrinch
es are occluded The possibiity of utthzing this fact for
diagnostic purposes ought to be constdered Phlebography
prior to surgery, as described by Abeatict and Campi (1948),
or during surgery, by mmjecting 35-70% diodrast mnto the
superior mesentericven, may prove tobe 11y lurbledingnostic
procedure for ascertaining whether there e metastases i the
Tver (if they 1re large cnough to become detectable in thiswy),
where they are localized (which requires 1 proper knowledge
of the normal anatomy) wnd how many metastises are present
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We have naturally attempted to gi e an embry ological exphnt
tion for this subsivision of the hver Although there are definute
mdications that these subdivasions re indeed founded along the
lines on which the mtrihepatic venous systems develop, we feel
at the sume time that msufficient datn are s vet avlable 1o
support this view and that further research 1s 1dyssable

It 15 impossible to summanize mn a few words the topogriphical
relationship of the  wrious structures of the Ghssontan system es
pecially since they show such great vamabilin We therefore refer
the reader to the chipters concerned (III and IV) 1n which with
the help of severnl o the most frequently occurring pic
tures are reproduced

The vena hepatica system 1s in this respect simpler Nest to the
senae hepaticae moyores one cin discern the veme hepatcie
breves The former are naturally of most interest to us and amongst
them we can distinguish the vena hepatier destrt smustra and
media These hepatic vems e i the nterlobar fissures of the
Glissonian system, 1¢, the ven1 hepatich dextra n the nght the
vena hepatict ststra in the left interlobar fissure ind the vena
hepatica medin 1 the medin fissure

One mn wonder to what extent the intrahepatic v iscular
s\stemn opens perspectives mn the surgery of the Iiner It appears
that nesther the division of the Ghissoninn system nor that of the
vena hepatica svstem forms 1n atself 1 satisfictory basts, yet when
one combines both of these one wrmves at 1 dinision into three
surgical Iner lobes eich having its own afferent and cfferent
svsterns 1t both hepatic gatewys

The prinaples of hepitie surgery bised on the morphology of
the Iner can be deduced ewsly from the precedng remarks In
this form of surgeny the prvot of the method hes in the hgation 1t
the Iner hilum of the Ghssoman structures i that part of the
Inver to be resected 2nd of the corresponding branch of the vemy
hepatien 2t the ernal pole of the Iver 11 then pointed ont that
the nterlobar fissures dividing the lobes from each other are the
indicated planes along which the resection should be made

This method has tht advantage that st partly or entirehy elim
nates the complications of classical heptic surgery viz - thefchance
of bleeding 1nd cholerrhagin and—if properhy pphed—the
chance of damage to afferent ind efferent structures of the 1e
maning part of the Iner

In considening the y1rious surgical questions onc cannot esC1pe
the problem which mastons enble the surgeon to reach the differ
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ent parts of the liver Ttassell evident that the incision must depend
on the nature of the resection  \ number of these masions were
checked on cadwers and are discussed in Chapter IN

Turther we felt that we should consider the therapeutic con
sequences of hepauc surgeny We take the view thar for this ra
dical surgery  resection should be considered only for those patho-
logieal affections with which every other form of therapy will
certunh or almost certanly fail We hasve therefore provisionally
drawn up the following hst of indications for resection  primars
sohitary malignant growths 1solated metastatic tumours carcino-
ma of the gall blndder in the 1l stage of s imvasion of the
Iner and deep lacerations of the lner

Finally 1n the last chapter vanous physiological and clinical
aspects connected with hepatic surgeny are briefly discussed

Many problems remain unsohved \mong the ones not yet
i estigated are those concerning the inenation of the Iver the
role that the Iiner plavs in the circulation of Ivmph and the 1n
fluence on them of possible damage during surgers  Other prob
lems less directly concerned with the subject are just touched on

If this work 1s able to render successfully some of the most 1m
portant aspects of the anatomy and surgery of the Iner and to
interest some insestigators in the problems vet to be solved 1t wall
have fulfilled 11s purpose
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