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PHYSIOLOGICAL ANATOMY OF THE LIVER.

THE liver has several uses in the economy, which are more or less dis-
tinct from each other. It secretes bile, a fluid concerned in digestion and
containing at least one excrementitions product. Another office is the for-
mation of glycogen, in which if acts as a ductless gland.

It is unnecessary, in this connection, to dwell upon the ordinary deserip-
tive anatomy of the liver. It is snfficient to state that it is situated just be-
low the diaphragm, in the right hypochondriac region, and is:the largest
gland in the body, weighing, when moderately filled with blood, about four
and a half pounds (2 kilos.). Its weight is somewhat variable, but in a per-
son of ordinary adipose development, its proportion to the weight of the body
ig about as one to thirty-two. In early life the liver is relatively larger, its
proportion fo the weight of the body, in the new-born child, being as one to
eighteen or twenty (Sappey). :

The liver is covered externally by peritoneum, folds or duplicatures of
this membrane being formed as it passes from the surface of the liver to the
adjacent parts. ®These constitute four of the so-called ligaments that hold
the liver in place. The proper coat is a thin but dense and resisting fibrous
membrane, adherent to the substance of the organ, but detached without
much difficulty, and very closely united to the peritoneum. This membrane
1s of variable thickness at different parts of the liver, being especially thin
in the groove for the vena cava. At the transverse fissure, it surrounds the
duct, blood-vessels and nerves, and it penetrates the substance of the organ
in the form of a vagina, or sheath, investing the vessels, and branching with
them. This membrane, as it ramifies in the substance of the liver, is called
the capsule of Glisson. It will be more fully deseribed in connection with
the arrangement and distribution of the hepatic vessels.

The substance of the liver is made up of lobules, of an irregularly ovoid
or rounded form, and about 3 of an inch (1 mm.) in diameter. The space
which separates these lobules is about one-quarter of the diameter of the
lobule and is occupied by the blood-vessels, nerves and ramifications of the
hepatic duct. In certain animals, the pig and the polar bear, the division of
the hepatic substance can be readily made out with the naked eye; but in
man and in most of the mammalia, the lobules are not so distinct, although
their arrangement is essentially the same. The lobules are intimately con-
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nected with each other, and branches going to a number of different lobules
are given off from the same interlobular vessels; but they are sufficiently
distinct to represent, each one, the general anatomy of the secreting portion
of the liver.

At the transverse fissure, the portal vein, collecting the blood from the
abdominal organs, and the hepatic artery, which is a branch of the ceeliac
axis, penetrate the substance of the liver, with the hepatic duct, nerves and
lymphatics, all enveloped in the fibrous vagina, or sheath, known as the cap-
sule of Glisson. The portal vein is by far the larger of the two blood-vessels,
and its caliber may be roughly estimated as eight to ten times that of the
artery.

The vagina, or capsule of Glisson, is composed of fibrous tissue in the
form of a dense membrane, closely adherent to the adjacent structure of the
liver, and enveloping the vessels and nerves, to which it is attached bya loose,
areolar tissue. The attachment of the blood-vessels to the sheath is so loose
that the branches of the portal vein are collapsed when not filled with blood ;
presenting a striking contrast to the hepatic veins, which are closely adher-
ent to the substance of the liver and remain open when they are cut across.
This sheath is prolonged over the vessels as they branch and it follmvslthem
in their subdivisions. It varies considerably in thickness in different animals.
In man and in the mammalia generally, it is rather thin, becoming more and
more delicate as the vessels subdivide, and it is entirely lost before the ves-
sels are distributed between the lobules.

The vessels distributed in the liver are the following : :

The portal vein, the hepatic artery and the hepatic duct, passing in at
the transverse fissure, to be distributed in the lobules. The blood-vessels
are continuous in the lobules with the radicles of the hepatic veing. The
duct is to be followed to its branches of origin in the lobulgg

The hepatic veins; vessels that originate in the lobules, augl collect tho
blood distributed in their substance by branches of the portal vein and of the
hepatic artery. _

1<Bm:zches'}of" the Portal Vein, the Hepatic Artery and ?Eke {fe’paiw Duct.
__These vessels follow out the branches of the capsule of Glisson, become
smaller and smaller, and they finally pass directly be‘;ween the h.)bnl'es. _In
their course, however, they send off lateral branches to the ﬁheat.h, formm_gl
the so-called vaginal plexus. The arrangement of the vessels in the sheath is
1ot in the form of a true anastomosing plexus, although branches pass from
this so-called vaginal plexus between the lobules. These vessels do not anas-
tomose or communicate with each other in .t]IE sheath. g oo

The portal vein does not present any important p(?(‘lﬂ]%l-l'l.lj\_:-lll its couf 5
from the transverse fissure to the interlobular spaces. It subdivides, enclom?d
in its sheath, until its small branches go dil-ect]’y between the 1o_bnles, al.lﬂi 13
its course, it sends branches to the sheath (\'agnm.l vessels), which afte} war :
o0 between the lobules. The hepatic artery has three se‘ts of branchem.. _-\..a
:oon as it enters the sheath with the other vessels, it szends oft mmute.
branches (vasa vasorum) to the walls of the portal vein, to the larger




394 USES OF THE LIVER—DUCTLESS GLANDS.

branches of the artery itself, to the walls of the hepatic veins, and a very rich
net-work of branches to the hepatic duct. In ifs course, the hepatic artery
also sends branches
to the capsule of
Glisson (capsular
branches), which,
with branches of
the portal vein,
go to form the so-
called vaginal plex-
us. From these ves-
sels, a few arterial
branches are given
off, which pass be-
tween the lobules.
The hepatic artery

' can not be followed
Fig. 130.—Lobules of the liver, z:ét;rr)llﬁa;(‘?ar vessels and intralobular veins ])e_\'Olld the inter-

1, 1, 1, 1, 3, 4, lobules ; 2, 2. 2, 2, intralobular veins injected with white ; 5.5, lobular vessels. The
5, 3, 5, interlobular vessels filled with a dark injection. S

D,

terminal branches
of the hepatic artery are not directly connected with the radicles of the
hepatic veins, but they empty into small branches of the portal vein within
the capsule of Glisson.

Interlobular Vessels.—Branches of the portal vein, coming from the ter-
minal ramifications of the vessel within the capsule and from the branches
in the walls of the capsule, are distributed between the lobules, constituting
the greatest part of the so-called interlobular plexus. These are situated
between the 10}.‘165 and surround them; each vessel, however, giving oft
branches to two or three lobules, and never to one alone. They do not
anastomose, and consequently they are not in the form of a true plexus. The
diameter of these interlobular vessels varies between 1 and -1 of an inch
(17 and 34 ). In this distribution, the blood-vessels are followed by branches
of the duct, which are much fewer and smaller, measuring only 47 of an
inch (10 ), and some, even, have been measured that are not more than
sooo of an inch (8 p) in diameter.

Lobular Vessels—From the interlobular veins, eight or ten branches are
given off which penetrate the lobule. As the interlobular vessels are sitnated
between different lobules, each one sends branches into two and sometimes
three of these lobules; so that, as far as vascular supply is concerned, these
divisions of the liver are never absolutely distinet.

After passing from the interlobular plexus into the lobules, the vessels
immediately break up into an elongated net-work of capillaries, 55t t0 3ok
of an inch (8 to 11 p) in diameter, which occupy the lobules with a true
plexus. These vessels are very abundant. The blood, having been distrib-
uted in the lobules by this lobular plexus, is collected by three or four venous
radicles into a single central vessel situated in the long axis of the lobule,
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called the intralobular vein. A single lobule, surrounded by an interlobular

vessel, showing the lobular capillary plexus, and the central vein (the intra-

lobular vein) cutacross,

is represented in Fig. :

131. S mphary
Intralobular Veins. NRTAAT

—The capillaries of

the lobules converge

into three or four ve-

nous radicles (2, 2, 2, 2,

in Fig. 131), which it e SR

empty into a central g “,Z‘,’fZ {v A :{,,’;ﬁ:?mam

vessel. This is the in- g Az £ TRRopiing

tralobular vein. If a

liver be carefully in-

jected from the he-

patic veing, and if see-

tions be made in vari-

T i

: ; ; : F1a. 131.—Transverse section of a single hepatic lobule (Sappey).
ous directions, it will 1, intralobular vein, cut across; 2, 2
3.3 :

J 2, 2, afferent branches of the intra-
E ; lobular vein ; 3, 3. 3, interlobular branches of the portal
be seen ﬂlilt t]lE intra- vein, with its capillary branches, forming the lobular plexus, ex-

: tending to the radicles of the intralobular vein.
lobular veins follow the 2 Rl aa

long axis of the lobules, receiving vessels in their course, until they empty
into a larger vessel situated at what may be called the base of the lobules.
These latter are the sublobular veins. They collect the blood in the manner
just described, from all parts of the liver, unite with others, becoming larger
and larger, until finally they form the three hepatic veins, which discharge
the blood from the liver into the vena cava ascendens.

The hepatic veins differ somewhat in their structure frog, other portions
of the venous system. Their walls are thinner than those of the portal veins,
they are not enclosed in a sheath, and they are very closely adherent to the
hepatic tissue It has also been noted that the hepatic veins possess a well
marked muscular tunic, very thin in man, but well developed in the pig, the
ox and the horse, and composed of non-striated muscular fibres interlacing
with each other in every direction. .

In addition to the blood-vessels just described, the liver receives venous
blood from vessels which have been called accessory portal veins, coming
from the gastro-hepatic omentum, the surface of the gall-bladder, the dia-
phragm and from the anterior abdominal walls. These vessels penetrate at
different points on the surface of the liver, and they may serve as deriva-
tives, when the circulation through the portal vein is obstructed.

Structure of @ Lobule of the Liver—Each hepatic lobule, bounded and
more or less distinctly separated from the others by the interlobular vessels,
contains blood-vessels, radicles of the hepatic ducts and the so-called hepatic
cells. The arrangement of the blood-vessels has just been deseribed ; but
in all preparations made by artificial injection, the space occupied by the

blood-vessels is exaggerated by excessive distention, and the difficulties in
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the study of the relations®of the ducts and the liver-cells are thereby much
increased.

Hepatic Cells.—1If a scraping from the cut surface of a fresh liver be ex-
amined with a moderately high magnifying power, the field of view will be
found filled with rounded, ovoid or irregularly polygonal cells, measuring
o5 10 oy Of an inch (16 to 25 p) in diameter. In their natural condition

they are more frequently ovoid than

polygonal ; and when they have the

latter form the corners are always

rounded. These cells present one and

oceasionally two nuclei, sometimes with

and sometimes without nucleoli. The

presence of small, pigmentary granules

gives to the cells a peculiar and char-

acteristic appearance; and in addition,

nearly all of them contain a few gran-

ules or small globules of fat. Some-

times the fatty and pigmentary gran-

ules are so abundant as to obscure the

nuclei. The addition of acefic acid

Ko il tint einfn { human, fatty liver  penders the cells pale and the nuclei

& become more distinet. The cells also

contain more or less glycogen in the form of granules surrounding the nu-
clei.

Arrangement of the Bile-ducts in the Lobules—In the substance of the
lobules is a fine and regular net-work of vessels of nearly uniform size, about
rokss of an inch (2 or 3 p) in diame- ¥
ter, which surround the liver-cells, each
cell lying in a space bounded by inos-
culating branches of these canals. This
plexus is entirely independent of the
blood-vessels, and it seems to enclose
in its meshes each individual cell, ex-
tending from the periphery of the lob-
ule to the intralobular vein.

The reticulated bile-ducts were dis-
covered in the substance of the lobules,
near their borders, by Gerlach, in 1848.
It is evident, from an examination of
his figures and description, that he
succeeded in filling with injection that * : g
portion - of the lobular net-work near Fic.183.—Portion of a {ransverse section. of an
the borders of the lobules,and he dem- eyl e e
onstrated the continuity of these ves- 0, capillary bloodvessele: g g, 0. capiliary
gelg. with the interlobular duets; but he
did not recognize the vessels nearer the centre of the lobule. It is now
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known that there are either canals or Interspaces between the liver-cells in
zgh Iobules,t :dnd lthat these open into the interlobular hepatic ducts. It is
Stlll a question, however, whether these passaces be si spaces o
the cells or true vessels Ii,ned with a m;?m}:i;?ef g i
Anatomy of the Excretory Biliary Passages.—Between the lobules the
d.ucts are very small, the smallest measuring about 15 of an inch (8 ~) in
;lhmmeterll-‘. They are composed of a delicate membrzl:ne lined with e}ﬁthw
(—.::E-f(}m}f; (})l]}t]tli’@]ligtl“tlil}?r‘ll :in—uvﬁi ‘H.H lmch (etbOllt 2.0 ) have a fibrous
. _ el lastic elements, and in the larger ducts
t-‘helln. are, In addition, a few non-striated muscular fibres. The e;itheliun:
lining these ducts is of the colummar variety, the cells eradually undergoing
a transition from the pavement-form as the ducts illCtl,'O-:l.Sfe in size I?l thi
lurg'(-‘st ducts there is a distinet mucous membrane with mucous gl;t.f;rls. )
% t}i Flud(::lﬁilinlthzllliedz(\ii b chlil fl;a plilell‘j:_l):issajxges, from .the interlobular .cmm.ls
Oifthcidug ochus, 4 ittle utricular or racemose glands, varying in
size in different portions of the liver. These are situated, at sho;'t invter?-llq
b:\,-‘ the sides of the canals. The glands connected with th’e sméﬂe% ducts cn,
simple follicles, w1 to ¢35 of an inch (31 to 62 w) long. The lu;'«or 01‘11(1.12
are formed of groups of these follicles, and they 1'1102:4111'9 oy orm—l-?r:f‘ '[ll‘l
inch (100 or 250 p) in diameter. The glands are only fr:nmlzﬁu ’tti'aui sith
the ducts ramify- M : e
ing in the sub-
stance of the liver,
and they do not ex-
ist in the hepatic,
eystic and common
ducts.  They are
composed of a ho-
mogeneous mem-
brane, lined with
small, pale cells of
epithelium. If the
ducts in the sub-
stance of the liver
be isolated, they are
found covered with
these little groups Fie. 134.—Racemose glands attached to the biliary ducts of the pig ; mag-

of Tolliclecn e nified 18 diameters (Sappey).
esand have 1, 1, branch of an hepatic duct. with the surface almost entirely covered
the appearance of with racemose glands opening into its cavity ; 2, branch in which the
: ;:rlfalnd‘:‘s are smaller and less abundant ; 8, 3, 8, branches of the duct with
an 01‘dlna1'y race- still s.m_lr:_ler z]g.uds: 4, 4, 4, 4, biliary ducts with simple follicles at-
tached; 5, 5, 5, 5, the same, with fewer follicles: 6, 6, 6, 6, 6, anasto-

nog P " moses in arches: 7 o~ o " x 25
mose gland, except b tl‘ansver:s{gllt;:a'néhe% 7, angular anastomoses; 8, 8, §, 8, anastomoses

that the acini are
relatively small and scattered. This : i in Fi
y s scattered. This appearance is represe fig. 1
ShE appes s represented in Fig. 134.
xcretory biliary ducts, from the interlobular vessels to the point of
emergence of the hepatic duct, present frequent anastomoses with each other
in their course.
27
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: ; . o 1 occasionally in the
Vasa Aberrantio.—In the livers of old persons, and occ?i?nallliier i
27 F 3 e <] v -18 - ;
adult, certain vessels are found ramifying on the;) :alllf?],(;(f 5) ldaberm,l o
‘ ili ich have been called vas antia.
f ing int liary ducts, which have been ¢ .
always opening into the biliary . : Lol
These are never found in the feetus or in children. T }il{\ .cuet ap}iel = tg; i
: i i - structure t )
/ ; rer, and are analogous In their s
the excretory system of the liver, : ‘ o 1
e i hickened, fibrous walls, anc
¢ arently hypertrophied, with thickened,
ducts, but are apparently hyp >d, L, 1 e
present in their course irregular eonstrictions not found in t‘netnorlniled
- ' i 2lwave Verv atrophied.
:1‘119 racemose glands attached to them are always very n:uch a 101)L e
; . 1 3 5 3 T)é AT 3
Gall-bladder, Hepatic, Cystic and Common Dzmt.s.—} I‘hedhtegm 13 e
i - : i e other fr
{ i i 0 ducts, one from the right an
formed by the union of two ducts, : - S
the loft lobe of the liver. It is about an inch and a half (38 mm.) in leng

1 ic ¢ ; luctus com-
and joins at an acute angle with the cystic duct, to form the ductus

. (4 0l L = i e ¥
munis C]l(ﬂ(‘(l(}?hl e .l_ e common d Uit 15 clh b E}IIE'C Imne 16‘ = ( () mr |.) 1
’H‘”} 0 i e r ll(t) L o00se- ens lnl:() t}.lc dQS(,ell ].Ilg‘
~i=) qlll 5 dnd 1 Op d
]L o 1, f 11 du‘{ €1 )i a DU :
I on o l e odaent It asses 0 Ll(’i HI]U e C R t 1€ 11-
P SSES bllq ¥ Liéh tll Ddiﬁ ‘)f 1 2
JOTLL t t dl tl 1.
tbstll}.e afld O[jEIlra lYltO 1ts cavity , 11 conned t].U]l W th til(:' EPI IIl(‘Illdl [)dﬂCle&tiL
3

.20 12 19

2 789 S3tor 5 25

1. 185.—Gall-bladder, hepatic, cystic and common ducts (Sappey).

5. 6, 7, 7, 8, pancreas and pancreatic duets :tE!i 10, 11_. ]1[:)2._ ]_1}1:}81])?}(1gﬁlﬂ}i,t(},;gfi{l;f{;&
e 15 ic # + 16, eystic duct ; 17, common duct ; 18, portal vein ; 19, bra i he ceeliac

der ; 13, -’J}?P““;{g; ?g;'ffé"r\' : 2{ coronary artery of the stomach : 22, cardiac portion of the s:;ljmd;};d

é}?s .lh?\.iolt;l:'?m'\' b :41;19911; 25, left kidney ; 26, right kidney ; 27, superior mesenteric artery

23, splenic artery ; 24, splee f \

vein ; 28, inferior vena cava.

1, 2, 3, duodenum ; 4, 4

duct. The cvstic duct iz about an inch (25 mm.) in length, and is the
smallest of the three canals. . : :

The structure of these ducts is essentially the same. They have a proper
P()af formed of ordinary fibrous tissue, a few elastic fibres and non-striated
:Inuv,(*ular fibres. The muscular tissue is not sufficiently distinet to forn} a
:‘epamte coat. The mucous membrane is always found tinged yellow with
sEPAle .
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the bile, even in living animals. Tt is marked by a large number of minute
excavations and is covered with cells of columnar epithelium. This mem-
brane contains a large number of mucous glands.

The gall-bladder is an ovoid or pear-shaped sac, about four inches (10
centimetres) in length, one inch (25 mm.) in breadth at its widest portion,
and capable of holding an ounce to an ounce and a half (30 to 45 c.c.) of
fluid. Its fundus is covered entirely with peritoneum, but this membrane
passes only over the lower surface of its body.

The proper coat of the gall-bladder is composed of ordinary fibrous tissue
with a few elastic fibres. In some of the lower animals there is a distinct
muscular coat, but a few scattered fibres oply are found in the human sub-
ject. The mucous coat is of a yellowish color, with very small, interlacing
folds which are very vascular. The mucous membrane of the gall-bladder
has a general lining of columnar epithelium with a few goblet-cells. In the
gall-bladder are found small, racemose glands, formed of four to eight folli-
cles lodged in the submucous structure. These are essentially the same as
the glands opening into the ducts in the substance of the liver, and they
secrete a mucus which is mixed with the bile.

Nerves and Lymphatics of the Liver—The nerves of the liver are derived
from the pneumogastriec, the phrenic, and the solar plexus of the sympathetic.
The branches of the left pneumogastric penetrate with the portal vein, while
the branches from the right pneumogastric, the phrenic and the sympathetic,
surround the hepatic artery and the hepatic duct. All of these nerves pene-
trate at the transverse fissure and follow the blood-vessels in their distribu.
tion. They have not been traced farther than the final ramifications of the
capsule of Glisson, and their exact mode of termination is unknown.

The lymphatics of the liver are very abundant. They are divided into
two layers; the superficial layer, situated Jjust beneath the serous membrane,
and the deep layer. The superficial lymphatics from the under surface of
the liver, and that portion of the deep lymphaties which follows the hepatic
veins out of the liver, pass through the diaphragm and are connected with
the thoracic glands. Some of the lymphatics from the superior, or convex
surface join the deep vessels that emerge at the transverse fissure and pass
into glands below the diaphragm, while others pass into the thoracic cavity.

The mode of origin of the lymphatics is peculiar. The superficial lym-
phatics are subperitoneal and are conmnected with spaces or canals in the
general connective tissue of the liver. The deep lymphatics are supposed to
originate by perivascular canals surrounding the blood-vessels of the lobules,
which are connected with vessels in the walls of small branches of the hepatic
and portal veins, afterward surrounding the larger vessels.

Mechanism of the Secretion and Discharge of Bile—In its anatomy the
liver differs greatly from other glandular organs, both secretory and excretory.
The liver-cells are not enclosed in ducts, but are surrounded by a plexus of
exceedingly small vessels which undoubtedly receive the bile as it is formed.
The liver, also, is supplied with both venous and arterial blood, the venous
blood largely predominating. In addition it is now recognized that the bile




