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LIVER ANATOMY

Introduction 00:00:49
Basics :
* The human liver i the largest solid organ, comprising a% of total bodyy mass.
. m@-*:

- 1,500 g (LOO-1800).

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

- COronorgligament

- Fokiform ligament.

- Left triangular ligament.

- Round ligament.

- uswnenhunvenoswn

- Lismrmko?\lem.cava.

- Qnshl-’crm\gdarlgamen&

1Loft triangular ligeman

Histolow:
20nes

Hepatocytes are divided info different 2ones based on their proximity to the
portal triad (Hepadic artery, portal vein and the bile duct.

* 2one1is periportal

* 20ne 3 i around the central vein (Perivenous or pericentral).

* Zone 4 i in between 20ne | and 2one A (Midzone),
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20nes of fiver.
&lisson’s capsule :

* Liwer is covered in a thin connective tissue \ager
* fttached o the dnp\'\msm b5’checomna:3 Lisaments
* Anatomically, the liver has four lobes * Right, lef, caudote and quodrote.

L‘\gamm:
* Round ligament :

- Remnant of left umblical vein.

- nlsomownashsmn’cwnta’&hepaﬁs
* Faleiform ligament :

- Divides the liver into right and lef lobe.
- S"cﬂesho.ped.

Left triangular hgament




Segmen{'ajmwngo’?-ﬁver:

. uversesmemnlamimymsdewibedbgcm;dem\audml%.
* Couinad segments ! Total of eight independent segments.

. &nhsesnmhasikso&mbbodsupplgmdbﬂbrgdmimge.
Cantlie’s line : Line connecting the goliblodder bed and v,

* Right bbe includes  Segments §,6,78.

* Lebtlobe : Segments 3, 3, 4.

Segment | Caudate lobe (Drains into the IVC directy).

Segmental aratomy ot liver.

Blood supply & microanatomy 00:18:42

&lood.wpplgz

* +epatopetal flow : Normol blood flow is from the portal vein through the liver.

* Hepatotugal Slow ¢ In the setting of cirrhosis and portal hypertension, blood
Sow reverses alvoy from the liver,

. uveruoodmpplgisa%%om&\ehepnﬁcmgmdvss&m{hepm
vein

* The liver receives approximately as% of the resting cardioe output,

° th—prwe/hﬂghfresmm system.



L

eranch of the coeliae trunis Branch of abdominal aorto.
Carries oxygenated biood,

20%-30% of total blood supphy to the liver.

40%-50% of total oxygen supply,

Replaced left hepatic artery originakes Lrom et gastric artery,

Portal vein:

L

Low pressure/low resistance system.

Formed by the union of superior mesenteric vein and splenic vein behind the
neck of pancreas.

Carries 0xygen-poor but nutrient-rich blood,

70%—80% of total blood supply,

SO%—60% of total oxygen supply,

microamtow :
Sinusoids *

Hepodocytes are arranged within hepatic snusoids survounding ‘a. central
hepatic vein

They are bordered by interiobular portal 4riad consisting of a. biliary duct,
hepadic artery, and portal vein.

nrmngements=

gased on direction of blood fow.
Hexagonal structure with the central vein
inthe middle and portal triad
(@ranches of portal vein, hepatic artery,
ond blle duct) in the six corners,

The hepotic arteriol and portal venous
blood flows from portal triad to the
centrol vein,

mp%er cells manropha.ges.
Stellate cells : Responsible for

\g
p o
5= 20n )

.,
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extraceliular matrix production and S5
o Be

copable of controctile funetion o requiate o

sinusoidal blood Slow. microanatomiy,

Pit cells : L.gmphocgtes.

W&Mgeo#&m\wmh%hﬂwehepo&bwm dmc'dg into the
inferior vena. cava. (V).



* The perisinusoidal space of Disse ! The space separoding the sinusoids from

hepatocyte.
. e,gespmdmedbghepatocg&esmdsmm{edh&obihrgcamlw«nw

o‘memg.
EC
)Q\L.
(:v/‘
30-35 mm Hg
Cross section of portal triad,
20nes :
® 20nel:

- Periportal (Zone D hepatocytes are the major sites of aerobic
metabolism, and process such as glycogen synthesis and sulfation.
- eloodwpplgis&\eh‘gheskw\diswseeptuetodanusebg
blood-borme toxins and infection.
* 20me 3
- Perivenous (2one 3) hepatocytes are the major sites of anaerobic
rr\etabdmsycolgsisandgucuromdatm
Zmeahepo&ocgmaremostsensi’dwtohgpoxm.
20ne 3 is closer 1o the central vein.
ThisareaishigherchP%OIevelsmtse{s%eleasfbloodsupp!a
and is susceptible o ischaemio.
* 20ne a or ntermediode zone.

%
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HEPATIC BLOOD FLOW

Liver receives as% of resting cardiae output.
¥ receives 30% of resting oxygen consumption
And 10-15% OF total blood volume (Liver and splanchnic circulation).

Oual blood supply :

* Hepotic artery : 354 hepotic artery
* Portal vein : TS% portol vein.

* Oxygen delivery is equivalent : SO%.

Total hepadic blood Sow (THEP) :
THEF = P+ HABF
* PeF : Portal Slood Flow.

s %FHepafcmge\oodFm

Focets :
* Portal vein acts as o valveless capacitance vessel
* Hepoct'\ca(‘terb:
- Resistonce vessel
- Hepo&hmgbbod%udepmdsonsgs&mhmmp‘es&weﬁ
Sou
* uveractsaso.nwtologousreser\/oiroi!bbod

Factors effecting hepatic blood flow | 00:03:58
Types :
i ntrinsic
o. Hepotic artery bufSer response (ABR).
¢ Metabolic control
. extrinsic ¢
o. Newrol
b, Humoral.



Indringic :
Hepatic arterial bufer response (406R) 1
* When the portol blood flow decreases the hepatic artery biood flow &
upregulated so that the total hepodic blood Sow remains constart.
* THOF = PBF+ HABF.
* Hepotic artery flow changes according to portal How.
* it has an inverse relationship.
* medioted by adenosine (Causes vasodilatotior.
* endotoxins § splanchnic vasoconstriction can abolish HAER.
* This inverse relationship is called the hepatic arterial bufter response.
* The hepatic artery “outters’ changes in portal venous flow 40 maintain o,
stead5 state.

Adenosine wash out hgpo‘chesis d
* elevations in portal venous flow wash out locally produced adencsine,
thereby decreasing hepotic arterial Sow.
° Adenosine : vasodilotor.

volotile anesthetics and HABR :

o measpreservedbgiso&umne,sevo&mﬁd&s%m

* \wlatie anesthetics : Decrease MAP and CO.

. Hepamw*ergblood%owisdeaeasedbahab&w\emden%mﬂmxgh
direct vasoconstriction.

metabolic control :

* Decrease in O, content or pH of portal venous blood, there is increase
hepodic arterial blood,

* Post prandiol hyperosmolarity increases blood Siow,

: Hgogenmau&oresda&mvmmoﬂwwsdem*chwns

ﬁ'\aoer’tension to protect the liver.

extrinsic :

Neuwral :

¢ Pamsgmpaﬂwemmdsgmpaﬂ'\ehcnervesregdatesmsmwm
* @lood volume is shifted to systemic circulation,

® Hepatic artery has ajpha |, a § beta. a receptors.

* Portal vein has only alpha.



Humoral ¢
* aum3m=mshepahcmr5vmduo&m
* Angictensin It : Couses vasoconstriction
. vgsopresSh=usedeoﬁalHTN,redxmeSpm*aWenousPreswre.

Hepatic blood flow measurement 00:12:30

Clearance technique :
* @ased on Ficks principle’.
. Qo&eo?dsappwmo?asws&mﬂw&isexduswegc}wedbglw.
* wigh extroction ratio 106, propranolol lidocaine.
* Dual cholode test:
- measures the clearance of cholote, a. bile salt.
- &iven in both oral and intravenous form.

indicator dilution technique :

* Canmswehepaﬁcblood%wmninhese&mso‘}hverdgsmn

* Hepatic blood Sow con then be caleuloded by creating indicator dilution
curves.

» The substance used should be resistant to hepatic clearance.

* used os a. research tools.

Direct measurements :
* USE probes or electromagnetic probes.
* Radivlogical methods !
- Doppler ultrasonography can show diminished portal flow and portal
venous Slow reversol
- Contrast CT, MR

- Hastography ¢ Fibrosis.

Note ¢

Halothane hepoditis :

. WWWSWM%W%M\WW&MWOMW%
anaesthetic,

* The breakdown products are trifluoroacetic acid ond triflucroacetic chloride.

s 6h\dﬁ:opmtehshhe|wer,uherekhegarerewsmzedb3ﬂ\emm
sBstemasmgens.

. Mrmmrwsmasmmma

Anaesthasia Residancy Proaramms . v1.0. Mamow 2024



* Results in fulminant hepatic necrosis, fatal in SO% to 5% of cases.

* Multiple exposures increase the Iielihood of this responce.

. Ha}nﬂwwehepaﬁmis!ohaofmesmepreva)erﬁmammnm
pediatric population.




HEPATIC DRUG METABOLISM 10

Pharmacokinetics 00:01:00

gioavailability :

* Orugs adrministered \nrtmvenouslg have 100% bioavaihbi‘rtg becouse orisina.!
form of the drug reaches the sustemic cireulotion unchanged.

* First pass metobolism : When taken orally, the intestines and liver absorb
and process drugs thereby decreasing the effective dose thot enters sus-
temic crcudation.

Druemetabolism:

Xenobiots *

* Orugs/natural and synthetic substonces — Metabalised by the fiver.

. &oahTorendarthewnpamdsmeWicaMdebno?me
modified drug or its metabolites occurs easiy,

Phases of drug metabolism :

a main phases : Phase | § Phase &

Occurs alone or in combinadion.

Phose I

¥ mmwmwmm&emw}emepow,hemba
hc’ea\si\s&sum&a"sohbuit&

* Phrase | enzymes consist of cytochrome P4SO (CYP superfamily) of eneymes
thak huydrolyze, oxidize, or reduce the porent compound.

Phase 3 :
* fet primariy to conjugate polar compounds § increase their hydrophilicity,
* These enzuymes can be nhibited § inducible.

: Wammowga&msul@oim,mhymm

Phose 3
. hvdveiheewetiono?wrpamdsmbuebgm\ewloﬁrmoﬁers
* molecular transporters : Multidrug resistance protein, cystic Norosis trans-
membrane conductance reguloor and mluhdmg resistance related protein,
ATP binding cassettes (REC).

Anaesthesia Residency Prograrmme + v1.0 » Marow 2024
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Clinical significance :

* ﬂbsaweordgs&xﬁmoﬂh&pmse%wnmwxescmmﬁhw—
bilirubinemia. and encephalopathiy

* &ibert's syndrome : Mutadion in bilirubin-UST that leads to reduced conju-
godion of bilirubin with glucoronide and unconjugoted hyperbilirubinemia.

* Depletion of molecules involved in conjugation reactions can result in fver
ooy

* foetaminophen toxicity  Relative depletion of gutathione and actumulation
of N-ocetyl-p-benzoguinone-imine (NAPQY, the unconjugeded toxic aceto-

* 2one 3 damage — Necross.,

* Cytochrome 8019 (C¥P 3C19) is the enzume that activates the prodrug of
clopidogrel and the enzyme that metabolizes proton pump inhibitors : Com-
petition for this enzuyme causes a. decreased activation of clopidogrel and
on increased risk of acute coronary syndrome.

Oomuaakm :
* Phase I\ biotransformadion reaction.
® The activated drugs are conjugoted with polar species such as glutathione,
sulphate, ghycine, or glucoronic acid to render them woder-soluble and easiy

excretable b5 the Kidnegs.

Orug clearance :

Hepadic drug clearance depends on three factors :

* The intrinsic ability of the liver to metobolize o drug (Presence of the ap-
propriake drug metabolizing eneyme).

* Hepadic blood SHow.

* ®dent of binding of the drug to blood components (Albumi.

Extraction rodio :

* Substances that undergo significant first-pass elimination are said o have a.
high extraction rati.

s ammtbn&ﬂ\ese&ussmargeladetermmdbghepaﬁcbbod%ow.

* Liver removes the entire drug entering liver in one pass.

Lo extraction rodio
* Orugs that require o. prolonged time for bictranstormation ¢ Hove a. low ex-
{roction rotio.
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* Such drugs are often protein bound in the circulokion.
. m&readigavaihbietodrugmembdmhgemgm in the liver

Common anaesthetic drugs :
e Al
blood fiow dependent) blood flow independent)

Morphine Aspirin Warfarin
Lidocaine Quinine Phenytoin
Propofol Codeine Rocuronium
Propranolol Nortriptyline Methadone
Fentanyi Vecuronium Diazepam
Sufentanil Alfentanil Lorazepam

Note

* Drugs with a high intrinsic clearance : &g : Lignocaine, opioids, etomidote, and
propotol have a. hepotic clearance dependent on hepadic blood Sow.

* Theyare unafftected by enzyme induction because ot the already high ex-
fraction ratio.

Cytochrome P450 _ 00:28:15

Features :

* &roup of enzymes, predominanty in liver.

* metabolism oF various drugs.

* involved in phose | reactions.

* CYP 450 are proteins containing haem as o. co-Fastor.

* The term P4s0 is from the spectrophotometric wavelength absorption maxi-
m%rﬁsem:gmhhereducedsto&e(«&mﬁ.

* Orug-drug interactions can result in the induction or inhibition of CYP4S0
enzymes,

* CYP4S0 enzymes are locoded throughout the body,
within the liver.

: uvaf,gwtandﬁidnegs.



1nporhmneemamesﬂwesm'
* CYP ar!: mainky responsible for oxidative metabolism of volotile onaesthetics.

* CYP 31 IV anoesthetics,

* Polymorphism + Genetic mutations that give rise to enzymes with different
abiities to metobolise drugs,

* The expression of CYP4S0 enzymes varies between populadions and wil in-
Suence drug metabolism ond response.

* inducers increase the expression level of CYPASO enzymes resulting in in—
creased metabolism of drugs.

* Reduces the therapeutic concentration.

* Therefore, potential changes in drug concentration may cause treatment
failure.

* expression and function of Phase | § I} enzymes are reduced in neonates.

* Retivities of few CYP4SO enzymes are increased. in women compared to men

* Genetic POBD’\O"PNSN\

CYPASO inducers :
* fAnticonvulsonts ¢ Phenﬂ’to‘\n, carbamazepine, phenobarbitone.
* Steroids : Dexamethasone, prednisolone, glucocorticoids.
* Antibiotics : Rifampicin, griseotulvin.
* Others : Nicotine, alcohol, cigarette smoke, St John's Lort,

CYP4ASO inhibitors :
* Inhibitors prevent the CYP4S0 enzymes %mworﬁins or reduce the rate of

memgme—cam!gsedreactm
* This decreoses dmsm’mbohsm in’chebochjandMeasesﬂwepobemm for

toniciy
* fzoles : Ketoconozole, Sluconazole.
* Antibioties ¢ Sulfonamides, metronidazole, ciprofloxacin, chioramphenicol,
* Cimetidine,
* Omeprazole.
* Sodium valproote.
* eropefruit

13



Note @

Prose | bictransformations

* CYP3M4 s the single most important enzyme.

* 40K 40 45% of oll CYP mediated drug metaboksm.

morphine metobolism :

. o ot

* Morphine is metabolised to morphine-3-(inactive) and morphine—b- glucoro-
nides (Active).

14



LIVER FUNCTION TESTS

Introdug:tion 00:00:36

asic interpretotion :

* RST is more sensitive than ALT o liver damage.

. Rechmﬁmhnlbumconcen{ro&im‘smelmgbbeasaresdtoﬁpmteh
catabolism than decreased synthesis.

‘ Mi\u‘emocww&hbiliar}j’tmddas&m&bn

Functions of liver :

* multi functional organ.

* Metabolic functions : Carbohydrate, lipids, proteins, minerals and vitamins.

g am%m:mp‘gmetm,bi&esd&—vekﬁlntestm.

* Detoxification : Ammonia. —> Ureo, antibiotic metabolism.

* Protective function : Kuptler celis,

* storage function : Glycogen, Vitamin A, 0, 8 .

* Synthetic functions : Plasma. proteins — Albumin, prothrombin, hormones.

. Conysad:% bilirubin with 3lumuonic acid to form water soluble bilirubin that
s excreted in bile.

* Production of cholesterol and lipoproteins.

* vitamin # dependent coagulation Factors (1, Vi, 1x, and ).

Tests of liver function ) _ 000822

15



Static tests
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Y Y

Exeretion Cholestagis | Hepatocellular

integrity Synthesis
» Bilirubin «ALP + AST * Albumin
« GGT «ALT « Coagulation
+ GLDH (factors V
and Vi)
Dynamic tests
Clearance Elimination Metabolite
half-life capacity formation
+ Indocyanine + Galactose
green (ICG)
« Caffeine
+ Bromosulfophthalein
CO, Metabolite
. exhalation in serum
Test ! Normal values Purpose
| Total bilirubin mg/dl. | <20 Conjugation, excretion
Conjug. bilirubin ~ mg/dL ' < 15% of total bilirubin
| ALT/SGPT UL < 40 Enzymes released by liver
cell injury/death
AST/SGOT un <40
Alk. phosphatase Varies by method Enzymes released by
! biliary injury or obstruction
GGT UL <35
Albumin g/d. | 35-55 Synthetic function
Prothrombin time  INR | 0.9-1.2



