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Liver Anatomy

Common

Dual blood supply:

+ Hepatic Artery o~
Supply oxygenated blood to the liver

* Vena Porta
* Carries partially deoxygenated blood.

e Carries nutrient-rich blood from the Gl tract to the
liver.

* Liver detoxifies by filters harmful substances and
toxins. =

The Hepatic artery and
the hepatic portal vein enter,
and the bile duct exits with bile.
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mb 4 Liver Lobes

danded: resection of & singls lobe

Lobes divide into 8 Liver Segments e



The liver receives through the nutrients from the Gl tract. The liver process carbohydrates, fats, and proteins that enter the bloodstream from the digestive system.

FUNCTIONS OF THE LIVER

Detoxification, Bile Production, Protein Synthesis, Nutrient Storage, Waste Removal, Blood Regulation...
Carbohydrates liver

Storage: After a meal, the liver converts excess glucose from the blood into glycogen for storage (glycogenesis).

Release: When blood sugar levels drop, the liver breaks down stored glycogen back into glucose through a process called
glycogenolysis and releases it into the bloodstream to ensure a steady energy supply for the body.

Creation: If glycogen stores are depleted, the liver can create new glucose from non-carbohydrate sources, such as amino acids or
lactate, through a process called gluconeogenesis.

Fats (lipids)

Synthesis and transport: The liver synthesizes cholesterol, phospholipids, and most of the body's lipoproteins, which are special
proteins that carry fats through the bloodstream.

Energy and storage: It can oxidize fatty acids to produce energy. Excess carbohydrates and proteins are converted into fatty acids and
triglycerides, which are then packaged into lipoproteins and stored in adipose (fat) tissue.

Emulsification: The liver produces bile, which is essential for breaking down and absorbing dietary fats in the small intestine.

Proteins

Production: The liver synthesizes most of the proteins found in blood plasma, including albumin, which helps regulate fluid distribution,
and coagulation factors, which are necessary for blood clotting.

Amino acid processing: It regulates amino acid levels in the blood. Amino acids can be converted to glucose or fats, and non-essential
amino acids can be synthesized in the liver.

Deamination: In a process called deamination, the liver removes nitrogen-containing amino groups from excess amino acids. The toxic
ammonia byproduct is then converted into a less harmful substance called urea, which is excreted by the kidneys.

Vitamins and minerals The liver acts as a critical storage site for several vitamins and minerals. It stores fat-soluble vitamins

(A, D, E, and K) and the water-soluble vitamin B12. Metabolism: It also stores and regulates important minerals such as iron
and copper. The liver is involved in activating some vitamins, such as converting vitamin D to its active form.
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Liver
Cirrhosis |

fibrous bands e 4 ®® myDr.com.au

Cirrhosis Is advanced scarring (fibrosis) of the liver caused by CHRONIC INJURY or
disease, leading to a loss of healthy liver tissue and impaired function.

Pathologically, this involves a transformation of normal liver cells into scar tissue,
creating fibrous bands that subdivide the liver into regenerative nodules and
disrupt its normal architecture and blockade of portal normal blood flow.

This disruption interferes the liver’s ability to perform essential functions like
detoxification, protein synthesis...

Cirrhosis is the end stage of fibrosis.




HCC from cirrhosis
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Cirrhosis can lead to Hepatocellular Carcinoma

Through chronic inflammation, and the accumulation of mutations in liver cells, the constant damage
and repair cycles in a cirrhotic liver leads to the formation of dysplastic pre-cancerous nodules and with
further DNA genetic changes, can transform into cancerous cells.

Chronic inflammatory that promotes cellular dysfunction.

The cells faulty attempts to regenerate leads to the accumulation of errors or mutations over time.

The chronic inflammation and chaotic cell growth in cirrhosis also provide a fertile ground for cancer cells to
thrive.

While not everyone with cirrhosis will develop cancer, it is the most common risk factor for liver cancer.
Regular screening is needed for early detection and treatment.

v '

Liver cirrhosis is the major risk factor of hepatocellular carcinoma development. It has
been shown that 80%-90% of individuals with HCC have cirrhnsis.iScreening with liver

ultrasound every 6 months (HCC surveillance) in high-risk individuals is recommended to
1. Fattovich G, Stroffolini T, Zagni [, Donato F. Hepatocellular carcinoma in cirrhosis: incidence and



Cirrhosis is the most important

C i rrh OS i S Eti O logy risk factor for the development of

hepatocellular carcinoma (HCC)
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-Viral Hepatitis B/D and Hepatitis C (Transmission: Sexual, Contaminated needles, blood transfusions,
contaminated medical equipment).

(We DO NOT GET Cirrhosis in Hepatitis A or E because they are short-term infections. Contaminated food or water: A and E Hepat-itis” refers to
inflammation of the liver. Hep E is dangerous during pregnancy (Death rates high in pregnant women!). We can get hepatitis E from undercooked meat from infected
animals like pork, dear, wild boar. Also, from contaminated shellfish).

-Alcohol liver disease (alcohol disrupts the liver's normal fat metabolism by increasing fat synthesis, decreasing fat breakdown, promoting
inflammation, and damaging liver cells, leading to the accumulation of fat in the liver and the development of fatty liver disease)

-Metabolic Dysfunction-Associated steatotic liver disease(MASLD/MASH) which is Non- alcoholic Fatty
liver.

-Acetaminophen in excess can contribute to cirrhosis. Other medications: longterm or high dose of methotrexate,
amiodarone, valproate, anabolic androgenic(testosterone and synthetic derivatives) steroids. Some medication can cause steatosis which is FAT in the liver.

-Genetic disorders (Hemochromatosis (excess iron accumulation in liver) or Wilson’s disease (excess
copper gpcumulation in liver) ), Amyloidosis, Alpha-1 antitrypsin deficiency (lungs and liver), Glycogen
storage disease.

-Autoimmune liver disease and bile ducts: Chronic inflammation leads to scar tissue (fibrosis) then cirrhosis. Primary
biliary cholangitis, Primary sclerosing cholangitis.

-Chronic dietary ingestion of AFLATOXINS. Toxins produced from mold. Food prone to be contaminated: Cereals, nuts,
seeds, fruits, spices, milk, cheese, eggs and meat from animals that have consumed contaminated food.



Hepatitis C or B/D can cause cirrhosis and liver cancer

Hepatitis C can be cured SINCE 2014. Treatment is 8-12 weeks (up to 16 weeks) by a combination of 2 oral antivirals. It may include a protease inhibitor,
NS5A inhibitor or polymerase inhibitor. Cure rate > 90-95%

-Ledipasvir/Sofosbuvir (Harvoni): One of the original cures in 2014 Harvoni does not require a dose adjustment for kidney problems.
For treating genotypes 1, 4, 5, and 6 of chronic hepatitis C in adults and children.
-Glecaprevir/Pibrentasvir (Mavyret):

This is recommended for treating all genotypes of hepatitis C and can be used even when compensated cirrhosis is present.

-Elbasvir/Grazoprevir (Zepatier): U : % %x("r ,(b*:;,
For treating genotypes 1, 4, and 6 and can be taken alone or with ribavirin. g _' "q;a gﬁ/ﬁiéf ‘;:;;i
-Sofosbuvir/Velpatasvir (Epclusa): T ,;I-_EHHT{ ) }kl DESIGNS ¥
Combination for treating all genotypes of hepatitis C. if Z
.! A |

Hepatitis C transmission: Infected blood, tattoos/piercings, unsterilized medical equipment, shared razors or needles, from an infected mother —child
during birth, sexual transmission. Blood transfusions prior to 1992 when effective screening for HCV were introduced in the USA and other countries.

Hepatitis B transmission is essentially the same as for Hep C. Blood transfusions screening for Hep B began in the early 1970s, but infections still increased
between 1979 and 1989. The initial screening was for HBsAg Testing (1969). The screening for blood donations improved with the additional screening for
antibodies against the core protein (anti-HBc). NAT testing (Nucleic Acid Testing) provided the most sensitive method for detecting HBV in donated blood.



Magnetic Resonance
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_ . Skin pigmentation Hepatoceleoma

Ultr.aso.und maY give Jaundice Encephalopathy Xanthoma Hepatic halitosis {dimethyls
the first information. (yellow skin (confusion) Spider angioma -ulphide, ketons in the
-Fibroscan and MRE and eyes) . : Palmar E'rv!h_ernn E'.‘{pife_l:i breath)

. Spider angioma Finger clubbing Jaundice
(Magnetlc Resonance e (hepatopulmonary syndrome) Ascites, lower thigh edema
d Caput medusae

Hepatic encephalopathy

Elastography) are both

body hair

. . Gynecomastia :
non-invasive methods Muscle B Bleeding plaque/ purpura
that use vibration waves Healthy Liver wasting
to measure liver Widened '
stiffness and diagnose ( blood Vessels | . General malaise, fatigue mused_n‘:-ln-:df i

. . . . - i E ] Seaing rram ower 5
liver fibrosis, or scarring. Ascites Anorexia / weight loss
’ g (fluid buildup) « Jaundice / itch

Feeling of enlarged abdomen

. . Red palms - Swollen abdomen / | Hand tremors
Liver biopsy. G alide

Cimhosis
Edema and Ascites:

In cirrhosis, the liver is unable to produce sufficient albumin
(a protein that maintains blood volume), and fluid starts
accumulating.

Cirrhosis of the Liver
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Cirrhotic Hepatic
Encephalopathy

LIVER

Converts harmful ammonia, a byproduct of
protein breakdown, into harmless urea. Urea is
then removed from the body by the kidneys.

When the liver is damaged, this process is
impaired, leading to a buildup of ammonia in
the blood, which can be toxic to the brain and
cause symptoms of hepatic encephalopathy,
such as’ confusion, and altered mental status.

LACTULOSE is a LAXATIVE, but when given to
treat hepatic encephalopathy. Lactulose draws
ammonia out of the blood into the colon and it
can be eliminated in the stool.

That way it lowers the circulating levels of
ammonia in the body.
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Bleeding and liver cirrhosis

Cirrhosis disrupts the liver's ability to produce essential clotting factors, Cirrhosis, impaired blood
clotting factors leading to a range of bleeding issues, from minor bruising and nosebleeds to severe
internal bleeding, including gastrointestinal (Gl) bleeding.

& Egyptian Liver Journa. ..

A Portal Hypertensiom

PORTAL HYPERTENSION and

Deficient production of
CLOTTING FACTORS

& Dr Ravindra Nidoni ogea s
Portal Hypertension whichis anincreased pressure in the portal vein, can cause esophageal varices

(enlarged veins) to rupture, leading to Gl bleeding. The same may happen with the veins in the stomach

Ruptured varicose veins rupture and can manifest as vomiting blood (hematemesis), black tarry
stools (melena), or fresh blood in the stool (hematochezia).

Invasive procedures, like biopsies or surgeries: higher risk of bleeding in cirrhotic patients due to
impaired clotting and portal hypertension.




Portal hypertension

Liver scarring blocks blood flow.

Portal hypertension in the esophagus and stomach.
Enlarged veins, in the esophagus and stomach, that can
rupture and cause severe bleeding (vomiting blood or
black, tarry stools). Hemorrhage can lead to death.

Ascites: Fluid buildup in the abdomen.

Malnutrition and weight loss . decrease a person's
appetite: Nausea, vomiting, and early satiety can
significantly and the amount they eat. Dietary restrictions,
such as low-sodium diets for ascites (fluid buildup), can
make food less palatable. Frequent hospitalizations and
fasting for medical procedures can interrupt regular
eating. A damaged liver produces fewer bile salts, which
are essential for digesting and absorbing fats and fat-
soluble vitamins, leading to malabsorption. Sick cirrhotic
patients are losing significant amounts of muscle and fat,

resulting in debilitating muscle weakness and weight loss.

VARICEAL ESOPHAGUS RUPTURE WITH
MASSIVE BLEEDING IS THE MOST
COMMON FATAL COMPLICATION OF
CIRRHOSIS
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Cirrhosis

&)  Egyptian Liver Journa...

Bleeding esophageal varices.

Compensated cirrhosismedian survival 9-12 years
Decompensated cirrhosis median survival 2 years

Caput Medusae is the term used to describe these
tortuous veins when they become prominent on the
surface of the abdomen. It is classically associated
with portal hypertension and cirrhosis.

A, Portal Hypertensbhon B

Compensated Cirrhosis Decompensated Cirrhosis

Stage Stage 1 Stage 2 Stage 3 Stage 4

No Varices Varices Ascites +/- Bleeding +/-

Sl No Ascites No Ascites Varices Ascites

Death 1% 3% 20% 57%

(at 1 Year)

Figure 1. Four-Stage Cirrhosis Classification System

In this figure, bleeding refers to variceal bleeding. The risk of death increases significantly with each more advanced stage.
Source: D'Amico G, Garcia-Tsao G, Pagliaro L. Natural history and prognostic indicators of survival in cirrhosis: a systematic review of 118
studies. J Hepatol. 2006:44:217-31.

-Compensated cirrhosis is the earlier, asymptomatic stage or
with mild symptoms where the remaining healthy liver tissue is
still able to function.

-Decompensated cirrhosis is the stage where the liver function
has declined leading to various complications

*Ascites (fluid accumulation in the abdomen)

*Variceal bleeding (varicose veins in the esophagus or stomach)
*Hepatic encephalopathy (confusion and altered mental state)
«Jaundice (yellowing of the skin and eyes)



Abdominal Paracentesis

Cirrhosis Treatment

Specific treatment addressing the specific cause to control or cure the underlylng
conditions. . c

Antivirals for Hepatitis, or. For hepatic encephalopathy LACTULOSE to trap K Researchcate
ammonia. ] '

Hepatoportal Shunt TIPS Transjugular Intrahepatic Portosystemic shunt m»;é

I#
Endoscopic variceal ligation to prevent further bleeding. r. >
Sclerotherapy is another alternative. ¢ MyHealth Alberta - Gove (Gl

BrainKart

Paracentesis to remove excess fluid in Ascites.
Liver transplant

Lifestyle Modifications. I —
Weight loss if overweight of obese. o varicea Bandina Il
Dietary changes to reduce inflammation and improve liver function.
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Transjugular portosystemic
shunt (TIPS)

-Cirrhosis treatment-

Relieves the pressure of Portal
Hypertension by lowering the
congestion in veins of the intestine
and esophagus veins.

A bypass that connects the PORTAL
VEIN to the HEPATIC VEIN, diverting
blood and reducing pressure. It helps
to reduce Esophageal varices bleeding
and Ascites.

The term "Transjugular” refers to the way the TIPS procedure
is performed, with a catheter inserted through the jugular
vein in the neck, avoiding the need for an abdominal incision.

©

TIPS (Shunt): Transjugular
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Cirrhosis affects other organs!

 Hepatorenal Syndrome.

Because bay dilating the blood vessels, it affects the arterial bloo
and makes the kidneys to have less perfusion resultmg in kidney failure.

 Hepatopulmonar Syndrome..

Because of the portal hypertension, cirrhosis affects the pulmonary
circulation by dilating the blood vessels within the lungs which impairs
oxygen exchange.

* Cirrhotic Cardiomyopathy.

Impaired heart muscle function systolic and diastolic. Increased risk of
arrhythmias, electrolyte imbalances.

Other complications:
-Spontaneous bacterial peritonitis. Sepsis (High mortality!)
-Liver failure



Causes Of death |n "Chronic liver disease and cirrhosis" were the 9th lead|ng cause
C”‘rhOS'S Of death in the United States in 2021 but dropped to the 10th leading

cause in 2022.

» Liver fail - -
|Ve r a I U re 15 Leading Causes of Death [ = Deaths 4§ = Population 4§ {;;':]dgu%ate Per i3
r
. #Diseases of heart (I00-109,111,I13,120-I51) 680,981 334,914,895 203.3
* Gl Bleed :
e e I n #Malignant neoplasms (CO0-C97) 513,352 334,914,895 183.1
. . . :;.;;ldents {unintentional injuries) (VD1-X59,Y85- 222,608 334,914,895 66.5
* Infections like sepsis .
#Cerebrovascular diseases (I60-169) 162,639 334,014,895 48.6
. #Chronic lower respiratory diseases (140-147) 145,357 334,914,895 43.4
° L
Ive r C a n C e r #Alzheimer disease (G30) 114,034 334,914,895 34.0
#Diabetes mellitus (E10-E14) 95,190 334,914,895 28.4
#MNephritis, nephrotic syndrome and nephrosis (NDO-
NO7,N17-N19,N25-N27) 55,253 334,914,895 16.5
52,22 334,914,895 15.6
#COVID-19 (U07.1) 49,932 334,914,895 14.9
#Intentional self-harm (suicide) (*U03,X60-
X84,¥87.0) 49,316 334,014,895 14.7
#Influenza and pneumonia (J09-118) 45,185 334,914,895 13.5
#Essential hypertension and hypertensive renal
disease (110,112,115) 42,374 334,914,895 12.7
#Septicemia (A40-A41) 41,710 334,914,895 12.5
#Parkinson disease (G20-G21) 40,174 334,914,895 12.0

Source: Mortality in the United States, 2023, data table for fiqure 4




Non- alcoholic
fatty liver
disease




Non-Alcoholic fatty liver disease NAFLD

* Fatty liver: Excess fat accumulates in the liver leading to inflammation
and damage of liver cells.

* 25 -30% of the population worldwide have Non-Alcoholic fatty liver.

* Inthe 1980s we became aware of this problem. Now it is a major public
health concern.

* People who did not drink alcohol or very minimal alcohol ingestion
were having fatty liver damage. (Fatty liver is also the initial stage of
alcoholic liver disease)

Having obesity, insulin resistance, type 2 Diabetes, hypertension and
hyperlipidemia are common causes contributing to fatty liver getting
fueled by overeating and sedentarism.




NAFLD = MASLD NASH = MASH

—“-” No-Alcoholic Fatty Liver Disease”
NASH” Non-Alcoholic SteatoHepatitis
Above terms did not accurately reflect the metabolic origins.

What causes metabolic
dysfunction-associated steatotic
liver disease (MASLD)?

You may develop MASLD if you have
metabolic dysfunction. Conditions that
may lead to MASLD are:

Diabetes or

Term Replacement: e ; g
-” Metabolic Dysfunctlon Associated Steatotic L|ver Acanthosis nigricans (dark
D|Sease patches on skin) may be a

sign of insulin resistance.

“MASH” Metabolic Dysfunction Associated Steato-Hepatitis
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Monalcoholic fatty liver disease
brgfx

NONALCOHOLICFATTY
LIVER DISEASE (NAFLD)

MNonalcoholic fatty liver disease (NAFLD) is a condition in which excess
fat builds up in the liver, often related to obesity and insulin resistance,
which can lead to inflammation and scarring of the liver tissue.

Overeating is a significant cause of non-alcoholic fatty liver
disease (NAFLD).

The excess calories from carbohydrates, fats, and proteins are
W converted into fat by the liver and stored in the liver cells,
A fatty liver (steatosis) occurs despite glycogen storage because the liver has |eading to fat accumulation, inflammation, and potential

a limited capacity for glycogen and can be overwhelmed by excess glucose da mage
and fatty acids, particularly in conditions like insulin resistance associated )

with type 2 diabetes. When insulin signaling is impaired, the liver can't D'Etary Factors:

effectively store glucose as glycogen, leading to increased lipogenesis (fat A high-carbohydrate diet provides ample glucose, which, combined with excess fatty
production) and the accumulation of fats (triglycerides) that cause a fatty . . , . .

liver. acids, can overwhelm the liver's capacity to store energy as glycogen, promoting fat

accumulation instead. #
Why Fatty Liver Despite Glycogen

Limited Glycogen Storage: Interplay of Metabolic Pathways:

The liver can only store a finite amount of glycogen. Once these stores are full, . . . . . .
excess glucose is directed towards other metabolic pathways, including Liver cells use either QIFCUQEHESE (StD”nQ Q'UCDSE‘ as Q'YCDQEWJ or |IDDQEHESIS
lipogenesis. « (making and storing fat) to manage energy. When one pathway becomes impaired or
Insulin Resistance: saturated, the other can become more active, leading to fat accumulation. &

Conditions like insulin resistance impair the liver's ability to respond to insulin. Insulin
normally promotes glycogen synthesis and inhibits fat production. In insulin

resistance, this process breaks down, leading to: & In summary, while the liver can store glycogen, it also has the capacity to store
« Reduced Glycogen Synthesis: Impaired insulin signaling reduces the liver's fat. When insulin resistance or other metabolic ChE"E‘I"‘IgEE occur, the liver
capacity to effectively store glucose as glycogen. @ can't handle the excess glucose and fatty acids by storing them as glycogen,
* Increased Lipogenesis: With less glucose being stored as glycogen, more . . .
glucose and fatty acids are channeled into producing and storing fat leading to the build-up of fat and the development of a fatty liver.
(triglycerides).
After a meal, the liver converts excess glucose from the blood into glycogen for storage (glycogenesis).
When blood sugar levels drop, the liver breaks down stored glycogen back into glucose through a process called

glycogenolysis and releases it into the bloodstream to ensure a steady energy supply for the body.



Liver cancer can be caused by

FATTY LIVER - CIRRHOSIS - CANCER caused by Non-alconolic fatty

liver.

STAGES OF LIWVER DAMAGE

rrrrrrr vl revearsiblae irreversibla
'
’ > f}} ey o
_.-""'--
n-l by liver hepatic steatosis steatohaepatitis (MASH) meer cirrhasss

s huatterstock oo - 114680518848

Progression of NAFLD Liver Disease

-ﬁ, ’éﬁ-“”’ 7

’ @ lﬁ_z:_.::‘u
He Illh MAF MNASH

Mo
*

Cirrhosis
s !




MASH (Non-Alcoholic
Steato hepatitis)

Many people with MASH do not experience symptoms until the
condition becomes severe.

MASH Symptoms

*Tiredness
*Discomfort or pain in the upper right side of the abdomen
*Yellowing of the skin and eyes (jaundice)

Diagnosis

A liver biopsy, where a small tissue sample is examined under
a microscope, is the most accurate way to diagnose MASH and
assess the extent of fat, inflammation, and scarring.

Some individuals may have a Genetic Predisposition to
fatty liver disease, making them more susceptible to fat
accumulation.



MASLD@Metabolic dysfunction EEEISEIEL
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Fatty liver
Inflammation

Pathology Outlines - Metabolic

Cell damage dysfunction associated steatotic liv...

Inflammation




1.Metabolic Syndrome leads to: at!
2.Metabolic Dysfunction-Associated Steatotic Liver Disease (MASLD, formerly NAFLD), and then leads to:
3.Metabolic Dysfunction-Associated Steatohepatitis (MASH, formerly NASH) Fat accumulation plus

4.Cirrhosis and/or Hepatocellular carcinoma ...Both with High risk of Death!

liver inflammation (hepat-itis) , cell death with certain degree of
FIBROSIS or scar tissue as the disease advances!

AFLD Progression

CNash W viverFibrosis I Cirrhosis

NORMAL
LIVER

All starts with Metabolic Syndrome  wssucesage O F1 F2 F3 Fa
The diagnosis of Metabolic Syndrome requires the presence of 3 or
more metabolic abnormalities: ——_—

killogram

BMI —

-A waist circumference of > 40 inches in men and > 35 inches in women

-Serum triglycerides level of 150 mg/dL or greater

-Reduced high-density lipoprotein cholesterol (HDH), < 40 mg/dL in men or
<50 mg/dL in women

eter

-Elevated fasting glucose of I00 mg/dL or greater
-Blood pressure values of systolic 130 mm Hg or higher or diastolic 8 mm Hg or
higher.




Hepatocellular Carcinoma Surveillance is currently recommended for

PI’OtG Ct yOLI r llve I’! those with Non-Alcoholic Fat Liver Disease cirrhosis

The primary treatment for FATTY LIVER DISEASE is to make lifestyle changes that
promote liver health. It's possible for the damage caused by fatty liver disease to be reversed when it's
treated in its early stages.
STAGES OF LIWER DAMAGE

reuer5|ble reuer5|ble irreversible
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LIFESTYLE CHANGES
» BetterMe

*Manage your weight with a BMI (Body Mass Index) no more than 24.9 (healthy BMI range 18.5 to 24.9)

 Eat a healthy nutrient-rich diet and DO NOT overeat! Watch your food portions! Avoid excessive calorie
intake.

» Take charge of your glucose levels, triglyceride levels, and cholesterol levels.

*If you already have Diabetes, hypertension, or other chronic degenerative disease, make sure you have

those conditions under control.
Type 2 Diabetes can be reversed in early stages with diet, exercise and loosing weight to a healthy ideal weight.

*Exercise at least 30 minutes daily and avoid sedentarism.

Loosing weight can lower your blood pressure. If you lose enough weight, you may lose your blood pressure medications in
some cases. A review of 18 studies found that losing an average of 10 pounds resulted in losing from 5-10 mmHg in systolic pressure (the
top number) and losing de 3 to 8 mmHg in the diastolic blood pressure (the bottom number).



BM|I  Body Mass Index

The BMI, Body Mass Index estimates the body fat BUILTLEAN
BEMI Ranges
Weight in
-~ kilogram 57 o7 = BMI| 24.3
— — IE- —mm—
. meter Underwaight  Healthy Obase Severely Obese
<185  18.5-24.9 30-39.9 = 40
Body Mass Index Classification
< 18.5 Under Weight
18.5-249 Mormal Weight
WElght [II"I pﬂu I"Idﬁ} 25 - 29.9 Owver Weight
BMI = 703 X 30.0 - 34.9 Obesity Class 1
Height : {In inchEs) 35.0 - 39.9 Obesity Class 2
40 or above Obesity Class 3

H badvrrmaccimdoss o



STAGES OF LIVER DAMAGE

Treatment st ceversie
for fatty liver —’,} 5. G "

et S—

'—-'-._—;I by Inner hepatic steatosis steatohaepatitis (MAaCSH) maer Cirrhoses

Treatment typicall dy involves lifestyle Changes such as diet and exercise to promote weight loss, which can help
reverse the condition.

Treatment and Prevention

Lifestyle Changes:

The most effective treatment is making sustainable lifestyle changes, such as:
-Healthy, balanced diet without overeating

-Increasing physical activity and regular exercise

-Gradual and sustainable weight loss to reach an ideal weight

Reversible:
With consistent effort and lifestyle changes, MASH is often reversible, especially in its earlier stages.

The FDA approved RESM ETI RO M in March/2024 for NASH (Non-Alcoholic Steatohepatitis) in patients with

moderate to advanced liver fibrosis. This drug reduces fat accumulation in the liver and may reverse some fibrosis.
Resmetirom targets multiple pathways including fat metabolism, inflammation and fibrosis







**Note 1:** **Physician Statement**
* Physician statement of fibrosis score can be used to code thiJ-IVER FIBROSIS SCORE Ishak Score (Stage) ~ METAVIR Fibrosis level

data item when no other information is available. . i~ 0 (no fibrosis) FO (no fibrosis)
* Code 7 when the physician statement of fibrosis score is not Sledperiilas fe a2 Ll 1 (Mild fibrosis) F1 (Mild to moderate
based on histologic examination of the liver Fibrosis Scare: H fibrosis)
2 (Mild to moderate Either or between

**Note 2:** **Criteria for collecting**

* Record the results based on information collected during the
initial Yvork—up through the flrst.courge surgery, in the absence of 0 Any of the folloving histologically confirmed ' (Moderate fibrosis) | F2 (Moderate fibrosis)
neoadjuvant treatment. If multiple histologic assessments of the
liver (biopsies or resections) are taken and have conflicting

fibrosis) F1 and F2

Code Description

* No to moderate fibrosis

. * Ishak fibrosis score 0-4 4 (Moderate to severe | F3 (Severe fibrosis)
Sf(ljrfes’ rec;prd thih'%hZStf‘:‘CO:ﬁ' Cart of £+ S uvant * METAVIR score FO-F3 fibrosis)
nformation collected after the start of **neoadjuvan -
. . L o : : Incompl Either or nF3or
treatment** or primary systemic or radiation therapy **may not 1 Any of the folloving histologically confirmed gif'rh%?sis‘]) elE F:(ge\?ergefti:f:sis gro
be used** to code this data item * Advanced/severe fibrosis PEneL)

FIB-4 is very easy to confuse with FO, F1,F2,F3 :?:::FLDF;LE “E'Irrrr:zz': _
**Note 3:** **FIB Scoring** -

. . . . L ) * Transitien to cirhosis
* FIB-4 is **NOT** a pathological fibrosis score of 4, itis a scoring

method using the patient's age and relevant lab values to 7 Clinical statement of advanced/severe fibrosis or cirrhosis, AND
calculate a score. The medical record may show something like Not histologically confirmed or unknown if histolegically confirmed
"FIB-4 = 3.52." v
* . . .
Do not code FIB-4 values in this data item. Code Description
el a7 T T g Not applicable: Information not collected for this case el
e o o pem oo (If this item is required by your standard setter, use of code 8 vill result in an edit error.)
FIB-4 Imndax 0. 600 .00 - 247

o.aa 1.23 Low risk for advanced liver fibrosis
1.3230 - Z.587 Indecerminate risk for advanced liwver
fibroais
=2 .87 High risk for advanced fibrosis and
Eory devaelaping of obheak Livear realatad

e n-=

*xNote 4:** **|shak score (classified by AJCC)**

) ) g Not documented in medical record
* FO: None to moderate fibrosis (IShak Score 0'4) Stated in medical record that patient does not have advanced cirrhosis/advanced fibrosis, not histologicall
* F1: Cirrhosis/severe fibrosis (Ishak Score 5-6) Fibrosis score stated but cannot be assigned to codes 0 or 1
* **Note:** These are not the same thing as the METAVIR score Fibrosis score stated but scoring system not recorded

FO or E1 Fibrosis Score not assessed or unknown if assessed



NAACCR Item

NAACCR #3835

Metadata
SSDI

0

Fibrosis Score: @

Description

L _ , Ishak Score (Stage)  METAVIR Fibrosis level (a) (b)
Any of the following histologically confirmed

0 (no fibrosis) FO (no fibrosis)
Mo to moderate fibrosis g : -
s e erera T 1 (Mild fibrosis) F1 (Ml_ld to moderate
fibrosis)
METAVIR score FO-F3
Batt-Ludwig score 0-3 2 (Mild to moderate | Either or between
fibrosis) F1and F2

Any of the following histologically confirmed

3 (Moderate fibrosis) | F2 (Moderate fibrosis)

Advancedfsevere fibrosis
Developing cirrhosis

Incomplete cirrhosis 4 (Moderate to severe | F3 (Severe fibrosis)
Transition to cirrhosis ﬁbrosis)

Cirrhosis, probable or definite 5 (Incomplete Either or between F3 or
Cirrhosis, NOS cirrhosis) F4 (Severe fibrosis or
Ishak fibrosis score 5-6 CII'I'IIOSIS)

METAVIR score F4
Batt-Ludwig score 4

Clinical statement of advanced/severe fibrosis or cirrhosis, AND
Mot histologically confirmed or unknown if histologically confirmed

Mot applicable: Information not collected for this case
(If this item is required by your standard setter, use of code 8 will result in an edit error)

Mot documented in medical record

Stated in medical record that patient does not have advanced cirrhosisfadvanced fibrosis
confirmed

Fibrosis score stated but cannot be assigned to codes O or 1

Fibrosis score stated but scoring system not recorded

Fibrosis Score not assessed or unknown if assessed

Code Description

[ ] [ ]
FI b rOS I S SC O re 0 Any of the following histologically confirmed L

* Mo to moderate fibrosis
* Ishak fibrosis score 0-4
* METAVIR score FO-F3
* Batt-Ludwig score 0-3

Batts-Ludwig scoring system

Batts-Ludwig scoring system GRADE
STAGE (Necroinflammation/activity-whichever is greater)
(Fibrosis) Portal/ Periportal Lobular Activity Numerical
Description Numerical Severity of Activity Grade

Stage fibrosis None T Grade 0

None Stage 0 Minimal Minimal Grade 1
nima mnima rade
Portal fibrosis Stage 1 | Mild fibrosis (patchy) (infrequent & spotty)
Periportal Stage 2 Moderate Mild Mild Grade 2
fibrosis fibrosis (some or all portal | (little hepatocellular
(or rare portal-to- tracts) damage - scattered
portal septa) necrosis)
Septal fibrosis Stage 3 Severe Moderate Moderate Grade 3
L L fibrosis (all portal tracts) | (noticeable
architectural hepatocellular
distortion BUT damage - necrotic
no cirrhosis) clusters)
Cirrhosis Stage 4 Severe Severe Grade 4
(and may have (prominent diffuse
bridging fibrosis) | hepatocellular
damage)

Batts-Ludwig scoring system. The Batts-Ludwig scoring system is used for staging of fibrosis (a) and grading (b)
of histological specimens obtained from the liver of patients with chronic hepatitis. Here, values of both stage (a)
and grade (b) range from O to 4. (a) Staging is based on the presence of portal/periportal fibrosis and septa
formation with/without cirrhosis, which correspond to stage 4, while (b) grading is based on either the portal/
periportal activity or lobular activity. Here, whichever activity demonstrates greater severity is affirmed [11, 18] i.e.
the overall grade is the one which is present at the greatest degree. The Batts-Ludwig system is also known as
the modified Scheuer system. Tables adapted from Rockey et al. [11] and Batts Ludwig [18]



Guidelines for Fibrosis Score in Liver

MNotes

Site Specific Data Items (SSDI) - 2018 +

Note 1: Physician statement of fibrosis score can be used to code this data item when no other information is available. However, code 7 when the Fibrasis Scora: H
"y

physician statement of fibrosis score is not based on histologic examination of the liver,

Note 2: FIB-4 is NOT a pathological fibrosis score of 4. It is a scoring method using the patient's age and relevant lab values to calculate a score.
The medical record may show something like "FIB-4 = 3.52." Do not code FIB-4 values in this data item.

Note 3: AJCC classifies Ishak fibrosis scores 0-4 [none to moderate fibrosis) as FO, and Ishak fibrosis scores 5-6 (cirrhosis/severe fibrosis) as F1.
This is not the same as METAVIR score FO or F1.

Note 4: Record the results based on information collected during the initial work-up. If multiple biopsies are taken and have conflicting scores, use
the results from the biopsy closest to the start of treatment. Information collected after the start of treatment may not be used to code this data

item.

Note 5: To use codes 0 and 1, you must have a histological (microscopic) confirmation of fibrosis/cirrhosis. Code the absence (code 0) or presence
=
(code 1) of fibrosis as documented in the pathology report.

Note 6: Use code 7 if there is a clinical diagnosis (no microscopic confi rmati('m} of severe fibrosis or cirrhosis.
Sy o
Note 7: If no score is mentioned, descriptive terms may be used to assign codes 0 and 1 - see specific terms in the table below. —_—

Note 8: If a fibrosis score is stated but the scoring system is not recorded, consult with the physician. If no further information is available, code 9.

httpe:/fstaging.seer.cancer.gowend _publicinput/2. 1iliverfibrosis_scoraMversion=/tnm/Mhome/

Any of the following histologically confirmed
Mo to moderate fibrosis

Ishak fibrosis score 0-4
METAVIR score FO-F3
Batt-Ludwig score 0-3

1 Any of the following histologically confirmed

Advanced/severe fibrosis
Developing cirrhosis
Incomplete cirrhosis
Transition to cirrhosis
Cirrhosis, probable or definite
Cirrhiosis, NOS

Ishak fibrosis score 5-6
METAVIR score F4
Batt-Ludwig score 4

7 Clinical statement of advanced/severe fibrosis or cirrhosis, AND
Mot histologically confirmed er unknown if histologically confirmed

8 Mot applicable: Information not collected for this case
{If this item is required by your standard setter, use of code 8 will result in an edit error.)

2] Not documented in medical record
Stated in medical record that patient does not have adwvanced cirrhosis/advanced fibrosis
confirmed
Fibrosis score stated but cannot be assigned to codes 0 or 1
Fibrosis score stated but scoring system not recorded

" Fibrosis Score not assessed or unknown if assessed



P

Salect - Sugical Treatment 2023 +: Liver and Lung can have a LOBECTOMY W en.wikipedia.org <

P——— BRAIN not so much! We receive cases with brain .., .. i s T i

AO00 None; no surgery of primary site; autopsy ONLY lo becto my Wh|Ch is Coded Wro ng' Rigit (part of} lver Ledt {part of) lhver Lef't (paart af) lrver Righa (past of) keer

Righs Laft Lefy Left Left Ragivt
anievi el kaneral Latirad el L]
g SO SR L]

A100 Local tumor destruction, NOS Frontal lobe Parietal lobe
AL1D Photodynamic therapy (PDT) )
A120 Electrocautery: fulguration (includes use of hot forceps for tumor destruction)
A130 Cryosurgery

Al140 Lasar " '
o E Britannica

A1S50 Alcohol [Percutanecus Ethanol Injection-FEI)

Occipital
lobe

Temporal lobe

2160 Heat-Radio-frequency ablation (RFA) o prl S— umbilical fissurne

|Falciform ligamena) [Fatcitarem ligament)
ALTO Other (ultrasound, acetic acid) yrRErior view infariar vena cova

AZ00 Wedge or segmental resection, NOS
AZ10 Wedge resection

A220 Segmental resection, NOS

AZ230 Segmental resection, one

AZ40 Segmental resection, two i Tt By

AZS0 Segmental resection, three : Trianigar
]

AZSB0 Segmental resection AND local tumeor destruction bgarmant
A200  Lobactomy, NOS

AZB0 Right lobectomy

AZTO Left lobectomy

A280 Lobectomy AND local tumor destruction

ASDO Extended lobectomy, NOS {extended: resection of a TN qundha

b ehact b galiblacdor

4 Liver Lobes
_ TheBeslide g SLer Seements -
-Right lobe .

AS10 Right extended lobectomy (extended: resection of & Enpolmda B, ino.
ASZ0 Left extended lobectomy (extended: resection of a single lobe plus a segment of anot

AS90 Extended lobectomy AND local tumor destruction (extended: resection of a single lobe

As0O Hepatectomy, NOS

ABLO Total hepatectomy and transplant

ABS0 Excision of a bile duct (for an intra-hepatic bile duct primary only) 'Left lObe
ABS0 Excision of an intrahepatic bile duct PLUS partial hepatectomy
ATFS0 Extrahepatic bile duct and hepatectomy WITH transplant -Ca Udate l-Obe

-Quadrate lobe

AS00 Surgery, NOS

g ooty
Copyri

ASS0 Unknown if surgery performed; death certificate ONLY



Liver Summary Stage? §  shutterstock

Liver segrmy
Right lobe Larfe bobe
i
Fuagor pubTd oo it :: Lty pairts of lieed

Text - Dx Procedures - X-ray/Scans

06/11/2024, OH ST CLOUD HOSP- MRI CT LIVER/ABD/PELVIS-MULTIPLE HEPATIC MASSES SEEN WITHIN SEGMENTS 5, &, 7, AND 8 OF THE RIGHT HEPATIC LOEE.
PREDOMINANCE OF MASSES ARE WITHIN THE ANTERIOR SEGMENTS (SEGMENTS 5 AND 8). THE LARGEST AXIAL DIMENSION MASS MEASURES 10.0 X 8.6 CM [SERIES 3
IMAGE 44), ALL OF THESE MASSES HAVE SIMILAR IMAGING FEATURES WITH ARTERIAL PHASE ENHANCEMENT, PORTAL VENOUS PHASE WASHOUT WITH PERIPHERAL

Note 3: Segments of the Liver

The liver is divided into several lobes as defined below. In the absence of other tumor involvement (lymph node involvement or distant - :
**Regienal by direct extension anly™®*

metastasis), code the lobe or segment involvement as follows: LR

If multiple lobes (such as the Caudate lobe and the Left Lobe) are involved, code 2 [Regional). If multiple segments (such as b and 6 in the right - Extrahepatic bile duct(s)
- Extrahepatic blood vessel(s)

lobe) in the same lobe are involved, this would be multiple tumors within one lobe, code 1 (Localized). eI REIRHE rery
Caudate lobe: Segment 1 + Portal vein
Quadrate lobe: Segment 4b EMema Lava
- Gallbladder
Left lobe: Segments 2, 3, 4a - Ligament(s)
Right lobe: Segments 5, 6, 7. 8 + Coronary
https://staging.seer.cancer.gov/eod_public/input/3.2/liver/ss2018/?breadcrumbs=(~schema_list~),(~view_schema~,~liver~) + Falciform
Right kbe Leftiote L. + Hepatoducdenal
Right (part of} Iver Ledt {part of} liver 552018 D“El:rlptlﬂll + Hepatogastric
Hight Left Left ] ) ) ) ] ) + Round (of liver)
| latesal 0 **In situ: noninvasive, intraepithelial®* S Fricneules

- Omentum (lesser and omentum, NOS) (See code 7 for
greater cmentum)

- Peritoneum, NOS

+ Parietal

+ Visceral

- Majorwvascularinvasion, NOS

i *+*| gcalized only (localized, NOS)** - rf"lclretharl u?e lobe involved by contiguous growth

[single lesien)

- Confined to Ii‘i’F-‘rr NOS + WITH or WITHOUT vascular inwasion

- Single tumer (one lobe) WITH or WITHOUT vascular invasion - Multiple (satellite) nodules/ tumoers in more than one
lobe of liwver ar on surface of parenchyma

- Multiple (satellite] nodules/tumor confined to one lobe WITH or WITHOUT vascular invasion T T B T

Umbilical fissure
[Fakciform ligament)

Cantlie’s ing



00220 - Direct Coded Stage 2018 - B-09.03.00.0004 L-1.0.0.1 A-09.03.02 5-3.2 TNMSLC

Notes

k) jyapFF
8000-8700, 8720-8790

C220
C220 Liver

**Note 1:¥* **Sources used in the development of this chapter®*

* SEER Extent of Disease 1988: Codes and Coding Instructions (3rd Edition, 1398)
{https://seer.cancer.gov/archive/manuals/EQD100ig.2rd. pdf)

*¥ SEER Summary Staging Manual-2000: Codes and Coding Instructions (https://seer.cancer.gov/tools/ssm/ssm2000/)
* Collaborative Stage Data Collection System, version 02.03: https://cancerstaging.org/cstage/Pages/default.aspx

* Chapter 22 *Liver®, in the A1CC Cancer Staging Manual, Eighth Editicn {2017) published by Springer International
Publishing. Used with permission of the American College of Surgeons, Chicago, Illingis.

552018 Description
1 **| ogralized only (localized, NOS)**
- Confined to liver, NOS
- Single tumeor (one lobe) WITH or WITHOUT wvascular invasion
- Multiple (satellite) nedules/tumer confined to one lobe WITH or WITHOUT wascular invasion
2 **Ragional by direct extension only**
- Diaphragm
- Extrahepatic bile duct(s)
- Extrahepatic blood vessel(s)
+ Hepatic artery
] **Ragional lymph node(s) involved only**
- Caval
- Hepatic, NOS
+ Hepatic artery
+ Hepatic pedice
4 **Ragional by BOTH direct extension AND regional lymph nodels) involved**
- Codes (2] + (3]
7 **Distant site(s)/lymph nodel(s) involved*¥
- Distant site(s) {including further contiguous extension)
+ Greater omentum (See code 2 for lesser omentum and ocmentum, NOS)
+ Pancreas
+ Pleura
=] Unknown if extension or metastasis

Liver Stage

4 Liver Lobes
-Right lobe

-Left lobe
-Caudate lobe

-Quadrate lobe

**Regional by direct extension enly™*
- Diaphragm
- Extrahepatic bile duct(s)
- Extrahepatic blood vessel(s)
+ Hepatic artery
+ Portal wein
+%ena cava
- Gallbladder
- Ligament{s)
+ Coronary
+ Falciferm
+ Hepateduodenal
+ Hepatogastric

+ Round (of liver)

+ Triangular
- Omentum (lesser and omentum, MOS) (See code 7 for
greater omentum}
- Peritoneum, NOS

+ Parietal

+ Wisceral
- Majorvascularinvasion, NOS
- Mare than one lobe involved by contiguous growth
[single lesicn)

+ WITH or WITHOUT vascular invasion
- Multiple [satellite} nodules/ tumears in more than one
labe of liwver ar on surface of parenchyma

+ WITH or WITHOUT wascular inwasion

**Regional lymph node(s) invelved anly™®*
- Caval
- Hepatic, NO5S
+ Hepatic artery
+ Hepatic pedicle
+ Inferier vena cava
+ Porta hepatis {portal)} [hilar) [in hilus of
liver|Hepatoduodenal ligament
- Periportal
- Portal wein
- Regional lymph node(s), NOS
+ Lymph node(s}, NOS

**Distant site(s)/lymph nodefs) invohved**
- Distant site(s} [including further contiguous
extension)

+ Greater omentum [(See code 2 for lesser omentum
and ocmentum, NOS)

+ Pancreas

+ Pleura

+ Stamach
- Distant lymph node(s), NOS

+ Aortic (para-aortic, periaortic)

+ Cardiac

+ Coronary artery

+ Diaphragmatic, NOS

+ Inferier phrenic nodes

+ Lateral {aortic) {lumbar)

+ Pericardial (pericardiac)

+ Peripancreatic [near head of pancreas anly)

+ Posterior mediastinal [trachecesophageal] including
juxtaphrenic nodes

+ Renal artery

+ Retroperitoneal, MOS

- Diistant metastasis, MNO5

+ Carcinematosis

+ Distant metastasis WITH or WITHOUT distant
lymph nodels)



Liver Grade

PATH Grade can be the same as the

**Note 2:** There is a preferred grading system for this schema. If the clinical grade | CLINICAL Grade
, . . Note 6: Use the grade from the clinical work up from the primary tumar n diferent scenrios based on benavior ar surgical resection
given uses the preferred grading system and the pathological grade does not use
the preferred grading system, do not record the Grade Clinical in the Grade Behvir
Pathological field. Assign Grade Pathological 9. 0 Tumor beavior or the cinical and the pathologicl diagnoses arethe same AND the cinial rade i the highest grade
Tumor benavior for clnical iagnasisis invasive, and the tumor behaviar for the pathological diagnasis s in iy

**Example: * Biopsy of primary site shows a moderately differentiated
adenocarcinoma. The surgical resection states a high-grade adenocarcinomapg Sl s

- Code Grade Clinical as 2 since Moderately differentiated (G2) is the preferred urgicl resectio s done of the imary bmorand thee i no grade documente from the surgicl resection
Surgical resection s done of the primary tumor and there s no resicual cancer

grading system
- Code Grade Pathological as 9 since the preferred grading system was not used NoSurgial Resecton
and the Generic Grade Categories do not apply to this grade table Slrojcal rsection ofthe prmery tumor hias not been done, buttere is posive microscopic confimation fdistant metastases dung the

clinical ime frame

**Note 3:** Assign the highest grade from the primary tumor.

https://staging.seer.cancer.gov/eod_public/input/3.2/liver/grade_path/?breadcrumbs=(~schema_list~),(~view_schema~,~liver~) And Grade Manual

Code | Grade Description

- (ol Welldierentiated PREFERRED SYSTEM GRADE: 1-4
G2 Moderately differentiated

G3: Poorly differentiated If LOW grade or HIGH grade, then code to 9
G ,-_‘I_: Und rﬁ-'E re rlt| ate d MNote 4: G4 includes anaplastic.
| Grade cannot be assessed (GX): Unknown |

(g R R | R



B Applied N
Missing Dat2 4

Adding Missing
Information

When we send corrections back and we ask for Additional
Documentation, please send the requested documentation back
to us so we can add it to the abstract on our end!

Not just say Ok, or corrected, or noted!

We need the official documentation to add it to the abstract in the
master file to justify the codes!




1. A person of- origin may be any race; however, for coding race when there
15 no further information other than “Hispanic™ or “Latinoia),” assign race as
White as a last resort instead of coding unknown.

DAM

Face 1 [ 98-Some other race

¥

)

Race 2 | 88-No Further Race Documented

o1

Race 2 | 88-No Further Race Documented

Hispanic Origin . 6-Spanish [Hispanic/Latino NOS v |

Marital Status | 9-Unknown T

5, A

| Patient Height at Dx (Inches) | 95|

Race 4 | 88-No Further Race Documented

. |

| Patient Weight at Dx (Pounds) ' EIEIEIE
| S |

[
[
[
[

Race 5 | 88-No Further Race Documented

o}

DEMOGRAPHICS

First Name | KENNETH JAY

Middle Name ||

First Name | KENMMETH

Middle Name |JAY

NAME - ALTAS NAACCRITEM #2280
DAM

Enter the patient’s alternate name or “AKA” (also known as), if known. You may also enter postscripts in
this field such as “Jumor”, “Semor”, etc. Note that the maiden name 15 entered m the Name-Maiden field.

Last Name |MCDDNALD Last Name |M::DDNALD
First Name ||:=-A|._||_ First Name |PAI..IL
Middle Name |DANIEL Middle Name |D.-\'-‘-.NIEL
Name - Alias |_1R Name - Alias |ER
Birth Surname | Birth Surname |







https://www.cancercenter.com/risk-factors/cirrhosis
https://www.hepatitisc.uw.edu/go/evaluation-staging-monitoring/evaluation-prognosis-cirrhosis/core-concept/all
PubMed Central

https://www.hepatitis.va.gov/cirrhosis/patient/decompensated.aspcany
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https://www.cancercenter.com/risk-factors/cirrhosis
https://www.mayoclinic.org/diseases-conditions/liver-cancer/symptoms-causes/syc-
20353659#:~:text=And%20when%20enough%200f%20these%20mutations%20accumulate,tumor%200r%20a%20m
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https://pmc.ncbi.nlm.nih.gov/articles/PMC6434205/
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https://wonder.cdc.gov/controller/datarequest/D158;jsessionid=5A55A01BC9D76B2A620F825C03ED
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RLO: The Physiology of the Liver - University of Nottingham

National Institutes of Health (NIH) | (.gov)
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Penn Medicine IR Education Radiologyinfo.org
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