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Gl ANATOMY PART 4
LIVER GALLBLADDER
PANCREAS

LIVER, PANCREAS
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Largest organ in the body
Three basic functions
* Metabolic
* Secretory
* Vascular
Major function
* Excretion of waste products from bloodstream by excretion into bile

Location
* Upper right quadrant
* Four lobes made up of hepatocytes
* phagocytic cells

Blood supply
* One major vein - portal vein

* One major artery - hepatic

4 Hepatic Portal System
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K 7
Sternum
Nipple - Bare area
7,
Liver
(c)
Falciform
ligament
Left lobe
of liver
Right lobe of liver
Round
ligament
Gallbladder (ligamentum
teres)

1 Ribs (cut edges)
2 Diaphragm
3 Diaphragmatic surface of liver
4 Falciform ligament of liver
5 Right lobe of liver
6 Fundus of gallbladder
7 Gastrocolic ligament
8 Greater omentum
9 Aorta
1 Esophagus
11 Left lobe of liver
12 Stomach
I3 Ligamentum teres
4 Transverse colon

Liver in situ (ventral aspect). Part of the diaphragm has been removed.
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Bilirubine in the
urine
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A. Orientatlion B. Anterior view
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anterlor view

Extended right hepatectomy
Right trisegmentectomy

IRight hepatectomyl

falciform
ligarnent

inferior vena cava

fissure
for teres

posterior view

left trianqular caudate
ligarnent lobe

coronary
ligarnent

ligarnent
proper
hepatic
gt
teres A
ligarment quadrate

COMMON o
bile duct

| Left hepatectomy |

Extended left hepatectomy
Left trisegmentectomy
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- @

Liver (inferior aspect). Dissection of porta hepatis, Gallbladder partly
collapsed. Ventral margin of liver above.
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Fundus of gallbladder
Peritoneum (cut edges)

Cystic artery

Cystic duct

Right lobe of liver

Inferior vena cava

Bare area of liver

Notch for ligamentum teres and
falciform ligament

Ligamentum teres

Falciform ligament of liver
Quadrate lobe of liver
Common hepatic duct
Left lobe of liver
Hepatic artery proper
Commaon hile duct
Portal vein

Caudate lobe of liver
Ligamentum venosum
Ligament of inferior vena cava
Appc.'mlix fibrosa (left triangular
ligament)

Coronary ligament of liver

Portal triad

Hepatic veins
Porta hepatis
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Inferior vena cava

Left and intermediate
(middle) hepatic veins

Right and left (1°) branches
of hepatic artery

Portal vein

Hepatic antery - Poral triad
Bile duct

A Anterior view

A. Anterior view Right obe i
| |
Anatorical lobes — \/ \
i — Right lobe Laft lobe
G { / N/ \
m%“mn'?m (v

Left posterior
lateral segment (1)

Laft antarior
lateral segment {111y

E‘.“.:m vy ; Left medial ssgmant (IV)
Right anterior ¢
SRR \Fnidhrn igamant
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Plate 5-23 Liver Lobes and Segments

D. Superlor view

Falcliorm ligament Caronary ligament

11



4/8/2012

Cystic duct -]

Gallbladder Body —

{a)

Right hepatic
duct
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duct
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Common
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Right (part of) liver Left (part of) liver

Posterior {part
of) liver (caudate
loba)

Division betwearn
right and left (parts of)
c liver (right sagittal fissure)

Right
> posterior
Left posterior  Posterior  |ateral Right

lateral (caudate) segment tor
segment segment ok

segment  giohe anterior
E medial segment
Posterointerior views (C, E)

Trtrabiepatic Vagailar and Dugt Systems - The liver is divided into many hepatic lobules. Inflow to the liver involves hepatic arteries,

which bring oxygenated blood to hepatic tissue, and portal veins, which bring nutrients and
Sublobular other compounds absorbed by the Gl tract to be processed and/or stored in the liver. Outflow
also involves two routes — hepatic veins which drain into the inferior vena cava and the common
hepatic duct which joins the cystic duct and empties bile into the duodenum.

Schema

- Major characteristics of the liver are portal triads (labeled “portal” in bottom left and shown
in the middle) and central veins (labeled in bottom left and shown in the right). Red arrows
cemral indicate direction of blood flow within blood sinusoids flanking cords of liver cells.

- Note the portal triad contains 1) the portal vein, 2) the hepatic artery, and 3) the bile duct.
2 / smeeds - Each has its typical appearance. The central vein is lined with endothelial cells, with
Portal trinds perforations into which the sinusoids empty.

-Hepalic artery proper
Hepatic portal vein
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- The central veins lead to sublobular veins, which reach collecting veins, hepatic
veins, and finally the inferior vena cava. The venous outflow of the liver has no
regard to the organization of the lobules.

- The liver sinusoids are shown in higher magnification in the bottom left. They are
dilated, capillary-like vessels lined by fenestrated, discontinuous epithelium
(labeled “e”). Interspersed among the endothelial cells are Kupffer cells (labeled
=51 “k™), which are fixed macrophages within the hepatic tissue. They have distinct
cytoplasm that may enter the sinusoidal lumen and function like other macrophages
within the body. They also break down damaged red blood cell hemoglobin.

- In the bottom middle panel, there are many spaces between the hepatocytes

and sinusoidal epithelial cells marked by arrowheads. They are referred to the

space of Disse where exchange between hepofocytes and blood flow mkes
£23 . S

G v

- The liver lobules can be defined in 3 ways:

- 1) Classic lobule — centered around the central vein with the portal triads at each corner. Shown
below on the left, the classic lobule may not always be hexagonal in shape.

- 2) Portal lobule (not shown) — centered on the portal triad, based on bile secretion, and
approximately triangular in shape.

- 3) Liver acinus of Rappaport — this is the most functionally important classification. Shown below on
the right, the acinus is roughly oval in shape with 2 central veins and 2 portal triads on opposite ends.
Based on the blood flow within hepatic tissue, the acinus is divided into 3 zones. Cells in different zones
are specialized for different activity. Zone 1 cells, being closest to the portal triads and hence most
oxygenated blood, have the most drug-metabolizing enzymatic activity. Following that same
reasoning, zone 3 hepatocytes near the central veins are most susceptible to ischemia.

- As mentioned earlier, the liver has both
endocrine and exocrine functions. The fiPpatid obule
various proteins that hepatocytes secrete : :
enter the bloodstream via the liver

Simple hepatic acinus

-

sinusoids. The liver also secretes bile in the
conventional exocrine fashion.

- The hepatocytes secrete bile into sealed
extracellular spaces called bile 5
canaliculi. The typical “chicken-wire” :
appearance is more easily visualized with
silver stain.
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Kupffer cell (fixed macrophage)
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LIVER
Stained with haematoxylin and eosin

1 - hepatic artery

2 - portal vien

3 - bile duct

4 - hepatocytes

1, 2, 3 - portal tract

LIVER
Stained with haematoxylin and eosin

1 - hepatic artery

2 - portal vien

3 - bile duct

1, 2, 3 - portal tract
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LIVER
Stained with haematoxylin and eosin
4 - hepatocytes
5 - terminal hepatic (centrilobular) venule

LIVER

Stained with haematoxylin and eosin

4 - hepatocytes
5 - terminal hepatic (centrilobular) venule
6 - hepatic sinusoid

LIVER
Stained with haematoxylin and eosin
1 - capsule

2 - liver parenchyma

LIVER
Stained with haematoxylin and eosin
1 - capsule
2 - liver parenchyma
4 - hepatocytes
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PANCREAS
Stained with haematoxylin and eosi
1 - glandular acinus
2 - islet of Langerhans
3 - main duct
4 - interlobular duct
5 - interlobular connective tissue septa

PANCREAS
Stained with haematoxylin and eosin 1 -

acinus

2 - islet of Langerhans

3 - interlobular connective tissue septa

4 - intralobular duct

5 - interlobular duct

PANCREAS
Stained with haematoxylin and eosin 1 -
acinus
2 - islet of Langerhans
3 - interlobular connective tissue septa
4 - blood vessels
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PANCREAS
Stained with haematoxylin
and eosin
1 - acinus
2 - islet of Langerhans
3 - intralobular duct
4 - interlobular connective
tissue septa
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Isolated gallbladder and cystic duct (anterior aspect).
The gallbladder has been opened to display the mucous membrane.

Radiograph of biliary ducts, gallbladder and pancreatic duct
(anterior-posterior view).
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1 Left hepatic duct

2 Right hepatic duct

3 Cystic duct

4 Neck of gallbladder

5 Body of gallbladder

6 Fundus of gallbladder

7 Common hepatic duct

£ Commeon bile duct

9 Pancreatic duet
10 Greater duodenal papilla
Radiograph of biliary ducts, gallbladder and pancreatic duct 11 Second lumbar vertebra
(anterior-posterior view). 12 Folds of mucous membrane of gallbladder
13 Muscular coal of gallbladder
14 Neck of gallbladder (opened)

Isolated gallbladder and cystic duct (anterior aspect).
The gallbladder has been opened to display the mucous membrane.

Sac to hold bile

Three layers:
* Serous - outer

c}’StiC duct * Fibrous/muscular
* Mucousal - inner

Has three parts:
* Fundus

Common * Body
hepatic duc * Neck

Gallbladder

Common
bile duct
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Liwer

Common

Located in right
hepatic duct

hypochondriac region.

It is a pear-shaped sac from
7-10cm long and 3cm broad
at its widest point. Can hold

Coystic duct

Stomach A
Gallbladder s 30-50 ml of bile.
bile duct §
Divided into four anatomic
portions:
P ancre atic
_— Ul sthe fundus,
duodenal *the corpus or

papilla *body, infundibulum,

sthe neck.
Fancraas
Duodenum portion m
of the smallintestine
Gallbladde;;?&ﬁﬂi::ﬁg:fm BileDycts - The gallbladder is found under the right lobe of the liver. Its function is to store bile
—_ produced by the liver, which leaves via the cystic duct. It also enters the gallbladder in
Comman the cystic duct, traveling retrograde when the bile is not needed for digestion. Note the

hepatic duet
Right and lent SR

hepatic arteries

fundus, body, neck, and infundibulum of the gallbladder.

H i
artcry - Note the right and left hepatic ducts coming together as the common hepatic duct,

stic duet i PeepeE . e . . .
i ) il s joining the cystic duct to form the common bile duct. This descends to the 2nd part of
Common = 4 = o . . .
bile duct ? oy o pomiv the duodenum, is joined by the pancreatic duct, and empties its contents into the
4 duodenal lumen via the major duodenal papilla.

Gallbladder "
Common
hepatic a
Transverse
colon

- The gallbladder is supplied by the cystic artery, which is extremely important to find
during a cholecystectomy. In most people it branches off the right hepatic artery, but
Stomaich could also come off the left hepatic, proper hepatic, or gastroduodenal arteries.

Head of pancreas - Note the extensive folds of mucosa extending into the lumen, consisting of tall,
Gallbladder and Extrahepatic Bile Ducts simple columnar epithelium. The underlying connective tissue is comprised of lamina
Sectioned propria, with no distinctly defined submucosa. There are scattered bundles of smooth
SRSt SR muscle in the muscularis. The adventitia has rather dense connective tissue connecting the
gallbladder to the liver.

Right hepatic duct
Left hepatic duct

Common hepatic duct |

nfundibulum
of wallbladder

Smooth part of
cvstic duct

Fundus -\ (Common) bile duct

Descending part

of duodenum
Gland
orifices Pancreate duct

NMajor duodenal -

papilla Hepatopancreatic ampulla
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Right hepatic duct

Cystic duct ——

!fn” / {f

S [P

Gallbladder
Duodenum

Duodenal
papilla

Hepatopancreatic sphincter
(sphincter of Oddi)

;ﬁ’f

Left hepatic duct

Common hepatic duct

Common bile duct

Main pancreatic duct
(duct of Wirsung)

- J Hepatopancreatic ampulla

(ampulla of Vater)

(Gallbladder and Extrahepatic Bile Ducts

Sectioned
-
\ I Fight hepatic: duct
| '_H J Left hepatic duct
kT
| Comman hepatic duct
‘ Infundibulum (Hartmann'z pauch)
of gallbladder

Spiral part of cystic duct

Heck of gallbladdar - .

Body (corpus) of gallbladder,
Smoath part of cystic duct

Fundus of gallladders, | Common bile duct

Dezanding (2nd) part of dundenu

Gland openings
Pancreatic duct

hgjor duodenal papilla (of ater)

-Ampulla (of Water)

B sagqittal section

). Right hepatic duct

Left hepatic duct

= Commaon hapatic duct
~Neck of gallbladder

Cystic duct

“~Bile duct

BN Dupdenum

C Amterior view
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Common hepatic duct
Coystic duct

Common bile
duct

Zallbladd=r

Fancreas

P ancre atic duct

Sphincter
of Oddi
b ajor Cuocdenum portion
dun:denal of the =mall
papilla intestine w

& Common hile duct
9 Pancreatic duct
10 Greater duodenal papilla
11 Second lumbar vertebra
12 Folds of mucous membrane of gallbladder
I3 Muscular coat of gallbladder
14 Neck of gallbladder (opened)
15 Cystic duct with spiral fold
16  Lesser duodenal papilla
17 Accessory pancreatic duct
18 Uncinale process
19 Plica circularis of duodenum (Kerckrings's fold)
20 Head of pancreas
21 Body of pancreas
22 Tail of pancreas
23 Descending part of duodenum
24 Incisure of pancreas

Pancreas with descending part of duodenum (posterior aspect). The duodenum was opened to display the duodenal papillae,
Pancreatic duct has been dissected, the common bile duct has been divided. The sphincter of Oddi is shown.
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Liver

The Gallbladder is a
small, pear-shaped organ
in the abdomen. Its job
is o store and release
bile, a fluid made by the
liver. Bile helps break
down fats in the food you
eat.

18

Hepatic ducts

senif]
[]___}

Cystic duct

Stomach

@ - Panareas

! \ [T -

Pancreatic
duct

bile duct L —Small
Intestine

Liver

( _@:ﬂ@@! Microscopy of liver tissue
@ — Hepatocyte
o ff Branch of hepatic vein
Sinusoid

Gall Bladder

/ Common Bile Duct

___—  Pancreas
Sphincter of Oddi

—  __ — Duodenum
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for storage.

o Your liver makes bile.

o Most of the bile is sent
through a network of ducts
to the duodenum (first part
of the small intestine).

o A small amount of bile is
also sent to the gallbladder
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Minor ducdenal papilla
Major duodenal papilla

B Anterior view /

Sphincierof  gile duct
bile duct (1)

Descending

Hepatopancrealic (2
sphancter (3} in wall
al hepatopancreatic
ampulla

part of T Pancreatic
duodenum . P duct

paplia . - Sphinctar of
pancraatic duct

Left hepalic duct

Right hepatic duct
Heapatic duct

Bile duct

Main pancreatic duct

T tube

Duocenum S

C Anterior view
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Pancreas

Gland with both exocrine and endocrine functions
6-10 inch in length

60-100 gram in weight

Location: retro-peritoneum™, 2" lumbar vertebral level
Extends in an oblique, transverse position

Parts of pancreas: head, neck, body and tail

Head of Pancreas

Includes uncinate process
Flattened structure, 2 — 3 cm thick

Attached to the 2" and 3 portions of duodenum on the
right

Emerges into neck on the left
Border b/w head & neck is determined by GDA insertion

SPDA and IPDA anastamose b /w the duodenum and the rt.
lateral border
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Neck of Pancreas

[ T
71 2.5 cm in length

o1 Straddles SMV and PV
71 Antero-superior surface supports the pylorus

-1 Superior mesenteric vessels emerge from the inferior
border

71 Posteriorly, SMV and splenic vein confluence to form
portal vein

-1 Posteriorly, mostly no branches to pancreas

Uncinate
process

Sup. mesenteric vein and artery
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bile Pancreas in situ
l pancreatic duct body of tail of _ -
GoMmMmon Cduct of Wirsung) pancreas pancreas . Oh_.
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alpha cell
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£} 2003 Encyclopsedia BEritannica, Inc. izlet of Langerhans

Falsitcrm ligament
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——  Goronary ligament  Fancreatic
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arnlgl.lla [empulla

e f — Jejunum

33



4/8/2012

Greater
pancreatic a

Amteriar
superior
Pancreatico-
duodenal o

JinFeriar
lpancreatico—
cburocbenal o

Anterior
inferior

PanCrEatco-
duodenal o

Conmon bile duct

Arteries of Duodenum and Head of Pancreas

Posterior Viewr

Common

Celinc

hepatic a
teunk

Hlepatic artery propes

Common bile duct

Anterior inferior
pancreancoduodenal o

Reflected to Left

Duodenum and head of panereas reflected to left

£ superion
codwodenal a

Posterior inferiorn
pancreaticoducdenal a

Arteries of Duodenum and Head of Pancreas

mesenteric &

- Finally, we will look at the pancreas. To review:
The head of the pancreas and duodenum are

supplied from both the celiac trunk and the
Celiac Trunk

common hepatic artery

gastroduodenal artery

anterior superior /

pancreaticoduodenal a,
b

\ posterior superior
pancreaticoduodenal a.

pancreas and
duodenum

posterior jarcade
(on head of jpancreas)

\ posterior inferior

pancreaticoduodenal a.

P

inferior pancreatico-
duodenal artery

anterior]arcade
{on head

v /
anterior inferior

pancreaticoduodenal a.

SMA
- The body and tail of the pancreas are mostly supplied
by branches of the splenic artery, namely the dorsal,
greater, and inferior pancreatic arteries.

- Piece of advice: It can be very confusing when
identifying these arteries. First orient yourself, note
whether the duodenum is in anatomical position or
reflected (as it is on the bottom left), and identify where
the arteries branch from and where they lead.
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SuSE-ansony
Minor ducdanal papilla muscis
Major ducdeonal papitks Ducdeno-
Hepatopancreatic ampulla pejunal
Pancreatic duct Whecxuire
Paritonaur b e
Jejusminm
Foot of
s v rse
mesocolon

Table 2.8. Relationships of the Duodenum

Function of
Pancreatic Enzymes

1. Trypsin

2. Chymotrypsin

3. Carboxypeptidase
4. Amylase
5.
6.

Lipases
Nucleases
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B=body

H= head

Pancreas N=neck
U;=uncinate

[

Zymogen Granules w,

Common Bile Duct
Interlobular

Endocrine portion
of pancreas
Duct celis Acinar celis (Islets of Langerhans)
secrete aqueous  secrete digestive

NaHCO, solution enzymes
Pancreatic Acinus T The glandular portions of
Exocrine portion of pancreas the pancreas are grossly
hlﬁfﬁ“lﬂ Canaliculi Centroacinar Coll Figure 16.13 (Acinar and duct cells) exaggerated.

- - ¥
o RIS

*major pancreatic duct of
Wirsung

*accessory pancreatic duct of
Santorini

ecommon bile duct

*major duodenal papilla
*minor duodenal papilla
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Pancreas Tail - The pancreas contains multiple ducts, but the main pancreatic duct runs from the tail
to the head of the pancreas. There may be a smaller accessory pancreatic duct. They
join the common bile duct to empty into the duodenum. The pancreas is retroperitoneal.

- Histologically, we can see the septa (S) between pancreatic lobules with interlobular
ducts (D). As mentioned above, the pancreas also has both exocrine and endocrine
functions. Most of the bottom left panel is filled with exocrine pancreatic tissue.
Secretory portions are called acini. The scattered endocrine islets of Langerhans (I)
are paler staining.

Commaon
bile duct

Main pancreatic duct
- An islet is magnified in the bottom right. It is a compact mass of epithelial cells that
receive rich vascular supply (arrows). It is typically very difficult to identify the different
Vaclane process cell types in the islets. Briefly, the alpha cells secrete glucagon, the beta cells secrete
insulin, and the delta cells secrete somatostatin.

*Arteriessmall branches from the splenic
*superior pancreaticoduodenal - from the
gastroduodenal
einferior pancreaticoduodenal - from the
superior mesenteric

*Veinssplenic vein to portal vein
*superior mesenteric vein which then
becomes the portal vein
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Endocrine
|

Islets of Langerhans (Pancreatic Islets) - highly vascularized epitheloid
tissue

alpha, beta, deltq, cells in periphery, beta cells also in center.

light staining, globular, with thin CT capsule surrounding it.

Pyramid shaped cells facing central lumen,

Secretions go to large vacular network of capillaries just outside the islets,
Excretes into intercalated duct, lined by low cuboidal epithelium

Alpha cells - glucagon - inc amount of glucose in blood

Beta cells - insulin - dec a

Organization of the exocrine pancreas

The pancreas is a compound acinar gland that is composed of acini and ducts.

The pancreatic acini are the secretory units of the exocrine tissve.

Acinar cells are highly specialized for the synthesis and secretion of zymogens, and display a distinct
polarity.

Within the acinus lie the centroacinar cells. They are joined to the acinar cells by tight junctions.
The centroacinar cells form the beginning of the intercalated ducts.
The intercalated ducts join with intralobular ducts that in turn connect to interlobular (extralobular) ducts.

The centroacinar cells and the cells lining the intercalated, intralobular and interlobular ducts are
responsible for the production of the bicarbonate-rich fluid.

The interlobular ducts drain into the main pancreatic duct. The main pancreatic duct runs through the tissue
from tail to head to collect the secretory product of the pancreas from all its branches. It merges with the
common bile duct to form the hepatopancreatic ampulla that connects with the duodenum.
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L]
Exocrine:

o Tubuloacinar glands manily composed of serous secretory units

©1 Secretions proteolytic enzymes

01 Proteolytic Endo-peptidases: trypsinogen, chemotrypsinogen

0 Exopeptidases: procarboxypeptidases, proaminopeptidases, alpha amylases, lipases
nucleolytic enzymes

= Has hormonal/ neural control regulation: Secretin - inc. fluid secretion, CCK - pro enzyme
secretion Chyme of stomach and duodenum stimulate enteroendocrine cells to secrete CCk
and Secretin — causes pancreas to secrete

11 Forms most of pancreas, has tightly packed serous acini - circular gland, small circular
lumen, darkly stained. zymogen cells arranged in lobule fashion

o1 Lobules seperated by thin intralobular, and interlobular CT septa - have blood vessels,
interlobular ducts, pacinian corpsucles

r1 Pacinian corpsucle - concentric circles, lighter than surrounding acini, is a sensory receptor
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-Once again, most of the pancreas contains exocrine acini. Pancreatic enzymes are very diverse, including extremely efficient
proteases, lipases, and amylases.

- Separate acini are shown in the left. The pancreatic acinar or secretory cells are polarized, meaning the basal portions are
filled with basophilic rough ER. The apical regions are filled with zymogen granules that contain many stored pro-enzymes.

- Centroacinar cells, with paler staining, can be seen in the middle of some acini and mark the beginning of the duct system
(marked “A” in the middle panel). They converge at “B” to form intercalated ducts, marked as “C”. The intercalated duct cells
may be hard to identify, but they actively pump water and bicarbonate into the duct lumen. Intercalated ducts empty into
interlobular ducts, marked as “small duct” in the bottom right, which lead to the main pancreatic duct.

basophilia
(rough ER)

centroacinar cell
nuclei

secretory (zymogen)
ranules
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