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LIVER ANATOMY ----- Active space -----

Introduction 00:00:49

Bosics

* The human liver is the largest solid organ, comprising
* weight : ;500 g (LOO—1BOO).

- Around 15-3% of adult body weight.
* Basic structures :

- Coronar& I‘\Smhen’c.

- Faoleiform ligou‘nent

- Left friangulor ligament.

- Round ligarent.

- Ligamentum venosum,

- Ligament of venacavo.

- Qigh-l- ’criangulc\r ligment

Left trianguar ligament

Corotiary Iigament\

Faiciform of vena cava
ligarment

\ Round ligament

Liver am.’comﬂ

H'\s’colosv:, :
Zones ¢
* Hepatocytes are divided into ditferent zones based on their proximity to
the portal riad (Hepodic artery, portal vein and the bile ducb.
- zonelis peripor’cod.
- 2one 3 is around the central vein (Perivenous or pericentral.
- 20ne 4 is in between zone ( and zone 3 (Mid 2one).
* zone 2 ic furthest oy From the portal traets — Receives blood with a.
lower oxygen tension and nudrient content.
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2 - Anataomy and Physiology
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2ones of liver

Glisson’s copsule :
* @ thin connective tissue \ager thot covers liver.
* pattoched 1o the diaphmgm b3 the coronary I‘\Samen{s.
nno.tom5 of liver:
Anatomically, the liver has four lobes : Right, left; caudate and quadrate lobes.

Front fiver surface Botiom tiver surface

Anadormy of liver
* Porta hepatis contains : Hepodie portal vein, hepatic artery, § common
hepatic duct.
Ligamen’cs :
* Round figament (Ligamentum teres hepatis) :
- Remnant of left umbilical vein.
* Foleiform ligament : Divides the liver into right and left lobe.
- SicKle shoped,
Segmental anatomy o¥ liver :
* Liver segmental anatomy was described bﬂ Cloude Couinowd n 1954,
* Couinod segments :
- Totol of eight independent segments.
- tach segment has its own biood supply ond bilian_,, dm‘mage.
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Liver Anatomy - 3

Line connecting the gallbladder bed and v
Qigh’c lobe Seqments S, b, 7, 8
Left lobe : Segments a, 3, 4.
Segment | Caudate lobe (Drains into the )

'
e

Segmental anadomy of liver

Blood supply & micro-anatomy 00:18:42

élood supplg :

Normal blood Sow is $rom the portal vein through +he fiver (Hepatopetal
Slow.

In the setting of cirrhosis and portal hypertension, blood flow reverses ooy
$rom the liver (Hepatofugal Slowy .

Liver blood supply is 85% $rom the hepadic artery and 75% from the portal
vein.

The liver receives approximately as?% of the resting cardioe outpud,

Hepadtic ar{ergj :

High~pressure/ high-resistance system.

eranch of the coelioc frunk (Branch of abdominal aorta),

Casries oxygenated blood

20%~30% OF 4otal blood. supply to the liver is carried by hepadic artery,
Responsible for 40%-50% of total oxygen supply o liver.

Replaced left hepatic artery originates from left gostric artery,
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4 - Anataomy and Physiology

Portal vein :
* Low pressure/ low resistance system.
* Formed by the union of superior mesenteric vein and splenic vein behind the
neck of pancreas.
* Carries oxygen—poor but nudrient-rich blood,
* 10%—80% OF total blood supply to the liver is carried by portal vein.
* Responsible for S0%—60% of total oxygen supply,

micro—ano:tom5 :
Sinusoids : = P
* Hepatocytes are arranged within hepoadtic u::
sinusoids surrounding a. central hepatic N S A
vein. VAP 9
* They are bordered by interiobular portal 5K
triad consisting of a biliary duet, hepatic va ¥
artery, and portal vein.
nrmngemen’cs : ::7:
* gased on direction of blood flow. """M :
* Hexagonal structure with the central vein o =
in the middle and portal triad (Branches micro-onatomy

o portal vein, hepatic artery, and bile ducd) in the six comers.

* The hepatic arterial and portal venous blood Slows from portal triad to the
central vein.

* tuptler cells : Macrophages.

* Stellake cells : Responsible for extraceliular madrix production and capable
of contractile function to requlate sinusoidal blood Sow.

- Significant in cases of portal hypertension.

* pPitcelis: Lgmphocgtes.

* Venous drainage of the liver is through the hepotic veins directly into the
inferior venacava. (ve).

* The perisinusoidal space of Disse : The space separating the sinusocids from
hepatocyte.

* bile is produced by hepatoeytes and secreted into biliary canaliculi via.
canals of Hering,

Transplant Anaesthesia * v1.0 - Marrow Programme for Anaesthesia Residents



Liver Anatomy - 5

30-35 mm Hg Oxygen gradient Hg

Cross section of portal triad

200es ¢
¢ 2o0nel:
- Periportal (Zone D hepatocytes are the major sites of aerobic
metoboliem, and process such as glyeogen synthesis and sulfotion.
- Blood supply is the highest.
= Is susceptible to damage by blood-borne toxins and infection.
* 20ne 3:
- Perivenous 2one 3) hepatocytes are the major sites of anaerobic
metaboliem, Slﬂcol}jsis and glueuronidation.
- 2one 3 hepodpcg&es oare most sensitive o hgpoxia,
- 2one 3 is closer 1o the central vein.
- This areo. is higher in CYP 450 levels.
- Gets the least blood supply and is susceptible to ischaemio,
® z2one 3 or intermediote zone.

Note ¢
* Replaced left hepatic ar’cerg originates from et gostric ar’tera.

Transplant Anaesthesia * v1.0 + Marrow Programme for Anaesthesia Residents
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-=ea- AGtive Space ----- HEPATIC BLOOD FLOW

Liver blood Sow and oxygen delivery :

* Liver receives 35% ot resting cardiae output.

* W receives 30% of resting oxygen consumption,

* Liver § splanchnic cireulotion together contain 10 to 15% of total blood volume.
dual blood supply *

* Hepatic artery : Contributes as% of hepadic blood Sow.

* Portal vein : Contributes T5% of hepatic blood Siow.

* Oxygen delivery from each source is equivalent ot SO%.

Total hepodic blood Sow (THeP) :

* THEF = PBF + HABF.

* PBF : Portal blood Sfow.

* HASF : Hepatic artery bood fow.

Focts ¢
* Portal vein acts as o valveless capacitance vessel.
* Hepodic ar’cerg is o. resistonce vessel.
* Hepatic artery blood Slow depends on systemic arterial pressure and Sow.
* Liver acts as an outologous reservoir ot blood.

Factors effecting hepatic blood flow 00:03:48

Regulation of hepatic blood Slow - Types :

Intrinsic
.. Hepatic artery bufter response (HABR).
a m505enic aukoregulaﬁon.
3. metabolic control.

extringic
. Neural
a. Humoral,

Transplant Anaesthesia « v1.0 + Mamow Programme for Anaesthesla Residents



Hepatic Blood Fiow - 7

Intringic :

Hepahc artery bubler response (HAGR) :
when portal blood flow decreoses, hepadtic artery blood Sow is upregulated
so that total hepodic blood Slow remains constant.
* THBF = PBF + HABF,
* Hepadic artery Sow changes according to portal flow.
* it hos an inverse relofionship.
* mediated by adencsine which causes vasodilokation.
* endotoxins and splanchnic vasoconstriction con abolish HABR,
* This inverse relotionship is called the hepodic arterial bufSer response.
* The hepatic artery buffers changes in portal venous Slow to maintain o
steo.d:lj stote.

Adenosine wash out hypothesis :
* glevations in portal venous Slow wash out locally produced adenosine,
thereby decreasing hepatic arterial flow.
* ndenosine acts as o vosodilator,

voladile onesthetics and HABR. ¢
* HABR is preserved by isoflurane, sevollurane and, desfiurane.
¢ Volotile anesthetics decrease maP and CO.
* Hepadic artery blood Siow is decreased by halothane and enflurane through
direct vosoconstriction.

mMetabolic control :
* Decrease in O, content or pH of portal venous blood increases hepatic
arterial blood Slow.
* Postprandial hyperosmolarity increases hepodic blood Slow.

m5ogenic au’coregu!aﬁon :
* vaseular smooth muscle stretch during hypertension protects the liver.

Transpiant Anaesthesia * v1.0 * Marrow Programme for Anaesthesia Residents
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8 - Anataomy and Physiology

—--- Active space ---— extringic :

Newrol :
° Pams5mpo&hehc ond sympathetic nerves regulote vascular tone.
* Blood volume is shifted to systemic cireulodion.
* Hepatic artery has 0l, 0.3, and Ba. receptors.
* Portal vein hos onl5 0. receptors,

Humorol ¢
* Glucogon couses hepadic ar’cenj vasodilation
* nng'\o’cens‘\n I\ couses vosoconstriction,
* Vosopressin reduces portal venous pressure and is used in portal
hﬁpertension

Hepatic blood flow measurement 00:12:30

Clearance technique :
* Based on Fick's principle.
* Determined by the rate of disappearance of a. substance thak is exclusively
cleored b5 the liver.
* High extraction rotio substances include indocyonine green (ce, proprandiol
ond lidocaine.
* Duol cholote test:
- measures the clearance of cholode, o bile salt.
- Cholate is administered in both oral and intravenous form.

Indicator dilution technique :
* Con measure hepadic blood flow even in the presence of liver dystunction.
* wepatic blood Sow is caleuloted by creating indicator dilution curves.
* The substance used should be resistont to hepotic clearance.
¢ Prirmrilﬂ used as a. research ool

Direct measurements
° w&rasomgraph5 probes or electromagnetic probes are used.
* Radiclogical methods :
- Doppler ultrasonography demonstrates diminished portal flow and
portal venous Slow reversol.
- Contrast enhanced CT and MR) provide quontitative assessment.
- elastography is used fo assess fbrosis.

Transplant Anaesthesia » v1.0 - Marrow Programme for Anaesthesia Residents



Hepatic Blood Flow . 8

Holothane hepa’d{:is :

Holothare undergoes extensive hepadic metabolism compared to other
volotile anesthetics.

greakdown products include triflucroocetic ocid and trifluorcacetic chloride.
These metabolites bind to liver proteins and are recognized os an’cigens b3
the immune sastem.

The immune response results in halothane hepaditis.

Characterized by fulminant hepatic necrosis with o. %d:am}j roke of SO to
15%.

multiple exposures increase the likelinood of this immune-medioted reaction.
Halothane hepaditis is 10 40 80 times more common in adults than in children.

Transplant Anaesthesia * v1.0 » Marrow Programme for Anaesthesia Residents
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Pharmacokinetics 00:01:00

ioavailability :
* Drugs administered intravenously howe 100% bioovadability becouse the
original form of the drug reaches the systemic cireuladion unchanged.
* when taken orally, the intestines and liver absorb and process drugs
thereby decreasing the eflective dose that enters systemic circulodion.

Drug metabolism :

Xenobiotics
* Drugs, naturol, and synthetic substances are metabolised b5 the liver,
* &pal: To render the compounds more hydrophilic o that renal eliminaction of
the modified. drug or its metabolites occurs easily,

Phases o drug metobolism :
* There are two main phases : Phase | and Phose a.
' Thegmﬂoccuraloneoﬁncombimﬁon
* Phosel:
- Riters existing functional groups to moakke the molecule more polor
’cherebg nereasing its woder so\ubi\'rtg.
- Phase | enzymes consist of eytochrome P40 (CYP superfarmiy) of
enzymes that hydrolyze, oxidize, or reduce the parent compound.
* Phosed:
- #fcts primarily to conjugate polor compounds and increase their
hadrophihcik}j.
- These enzymes can be inhibited ond are inducible.
- Reastions include glueuronadion, acetylation, sulfation, and
me&g\a@cion.
* fPhose 3:
- Involves the excretion of compounds into bile by molecwlar
transporters.
- molecular transporters : Multidrug resistance protein, cystic Qbrosis
transmembrane conductance regulator, wu}tidrug resistonce reloted
protein, and ATP binding cassettes (RBC).

Transplant Anaesthesia * v1.0 - Marrow Programme for Anaesthesia Residents



Hepatic Drug Metabolism - 11

Clinical signi&‘\cance :

* pAbsence or d5s¥unchon of phase 1 or |\ enzymes can result in
hgperb ilirubinemio. and encephodoPa’ch&

* Gilberts sundrome : Mutadtion in bilirubin UET leading to reduced conjugoction
of bilirubin with glueuronide and unconjugoted hyperbilirubinemia.

* Depletion of molecules involved in conjugation reactions can result in liver
injury,

* Acetaminophen toxicity : Relative depletion of glutathione and accumulation
of N-acety|-p-benzoguinone-imine (NAPQYD, the unconjugated, toxic
acetaminophen by-product leading +o 2one 3 necrosis.

* Cytochrome aCi9 (CYP aCi9) is the enzyme that activates the prodrug of
clopidogrel and also metabolises proton pump inhibitors.

* Competition for this enzyme couses decreased activation of clopidogrel and
increased rigk of acute coronary syndrome.

Corﬁuso&cion :
* Phose || biotransformadion reaction,
* Activated drugs are conjugoted with polar species such as gutathione,
sulphote, Slyeine, or glucuronic acid to render them water soluble and easily
excretable by the Kidneys.

Drug clearanee :
Hepodic drug clearance depends on three factors.
L The intrinsic abilty of the liver to metabolize o drug depending on the
presence of the appropriate drug metabolising enzyme.
a. Hepatic blood Sow.
3. extent ot binding of the drug 4o blood components such as albumin.

Extroction rotio :
* Substances that undergo significant first pass efimination are said to have
o h‘\sh exdraction ratio.
* glimination of these drugs is largely determined by hepadic blood Sow.
* The liver removes the entire drug entering the liver in one pass.

Low extraction ratio :
* Drugs that require a prolonged time for biotransformadtion have a. low
extraction rotio.
* Such drugs are often protein bound in the circulotion.
® T‘neg are not read'\l5 ovadlable to drug me&abolis‘mg enzymes in the liver.

Transplant Anaesthesia - v1.0 - Marrow Programme for Anaesthesia Residents
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12 - Anataomy and Physiology

Sufentanil Alfentanil Lorazepam

Note :
* Orugs with a high intrinsic clearance such os lignocaine, opioids, etomidate,
and propofol have a. hepadic clearance dependent on hepatic blood Sow.
* Theyare unafSected by enzyme induction because of their already high
extroction ratio.

Cytochrome P450 00:28:15

Features :

* &roup of enz2ymes predominantly located in the liver.

* Responsible for metobolism of various drugs.

* nvolved mainl5 in phase | reactions.

* CYP4SO are proteins containing hoem as a. co-factor.

* The term P4S0 refers to the spectrophotometric wavelength absorption
maxima. for the enzyme in the reduced state (450 nery.

* Drug drug interactions con result in induction or inhibition of CYPASO enzymes.

* CYP4SO enzymes are locoted ﬂ\rouehou{: the bod5 but are highly
concentroted within the smooth endoplasmic reticulum of hepatoeytes in
the liver, gut, and Kidneys.

lmporkance in anoesthesio. :
CYPadl is mainly responsible for oxidotive metabolism of volatile
onoesthetics.

* CYP3A is responsible for metalbolism of intravenous anaesthetics.

. Polgmorphisww refers to genetic mutodtions hat give rise to enzymes with
ditferent abilities to metabolise drugs.

* The expression of CYPASO enzymes varies between populations and
influences drug metabolism and response.

Transplant Anaesthesia * v1.0 * Marrow Programme for Anaesthesia Residents



Hepatic Drug Metabolism - 13

*  Inducers increasse the expression level of CYPASO enzymes reSul’cinS in
increased metololism of drugs.

¢ This reduces the theropeutic concentrodtion may couse treatment failure.
* expression and function of phase | and 1t enzymes are reduced in neonates,

* Activities of some C/P450 enzymes are fed, in women compared. to men.
* Genetic polymorphism ploys an important role in inter-individuol Variabiii{'}j
of drug response.
CYP4ASO inducers :
* Anticonvulsants : Pheng’coin, carbomazepine, phenobarbitone.
* Steroids : Dexamethosgone, prednisolone, glucocorticoids,
* Antibiotics : Rifampicin, grisectulvin.
* Others : Nicotine, aleohol, cigarette smoke, St John's Wort.

CYPASO inhibitors :
* Inhibitors prevent CYP4SO enzymes from working or reduce the rate ot
enzyme codcalgsed reoctions,
* This decreases drug metobolism and increases the potential for toxieity,
* Rezoles : Ketoconazole, Sluconazole.
* Antibiotics + Sulfonamides, metronidazole, ciprofioxacin, chloramphenicol,
maerolides, isoniozid.
& Cimetidine.
* Omeprozole.
* Sodium valproate.
* &ropefruit.
Note :
* Phase | biotransformadions : CYP2R4 is the single most important enzyme
responsible Yor 40% to 45% of ol CYP medioted drug metolbolism.

mMorphine metakolism :
¢ Undergoes glucuronidation.
* morphine is metalbolised o morphine 3 glucuronide (nactive) and morphine
b glucuronide (Active).

Transplant Anaesthaesia » v1.0 » Marrow Programme for Anaesthesia Residents
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LIVER FUNCTION TESTS

Introduction 00:00:36

Bosic in’cerpreto.’cion :

ALST is more sensitive than ALT 1o liver darnoﬁe, but ALT is more liver
specific than AST.

Reduction in albumin concentradion is more likely o be as a result of protein
cotabolism than decreased sgn’cheSis.

ALP increases occur with biliary tract d35$uncﬁon

Functions of liver :

ruiti funetional organ.

metabolic functions : Carbohydrate, lipids, proteins, minerals and vitaming.
exeretory function : gile pigments, bile salts — gile — Intestine.
Detoxifieation : Ammonia. — Ureo, antibiotic metabolism,

Protective function : upier cells,

Storage function : &lycogen, Vitamin B, D, & .

Synthetic functions : Plasma. proteins — Albumin, prothrombin, hormones.
Conjugodtes bilirubin with glucuronic ocid o form water soluble bilirubin that
is exereted in bile.

Production of cholesterol and lipoproteins.

Vitamin 4 dependent coagulation Sactors (1, Vi, 1x, and ).

Tests of liver function 00:05:22

Overview :
Approach to assessment of liver function include :

Clinical findings.
Radiological studies.
Laboro.&or}j :
- Stotic.
- Dynamic : Measures functional pothwous.
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