
Lecture #21: 

Case Study 



Liver Cirrhosis



The Liver

• This organ plays a major role in metabolism and has 
a number of functions in the body, including
– Glycogen storage 

– Decomposition of red blood cells

– Plasma protein synthesis 

– Hormone production

– Detoxification 

– Bile production

* Roughly 500 distinct functions



Anatomy of the Liver

S. Bhatia



Liver Cirrhosis

• In the United States, heavy alcohol 
consumption and chronic hepatitis C have 
been the most common causes of cirrhosis. 

• Obesity is becoming a common cause of 
cirrhosis, either as the sole cause or in 
combination with alcohol, hepatitis C, or both. 

• Many people with cirrhosis have more than 
one cause of liver damage.



Liver Cirrhosis



Nonalcoholic fatty liver disease (NAFLD)
Nonalcoholic steatohepatisis (NASH)

Starley et al., Hepatology, 51, 1820, 2010
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What are the complications of 
cirrhosis?

• As liver function deteriorates, one or more complications may develop. In 
some people, complications may be the first signs of the disease.

• Bruising and bleeding. When the liver slows or stops producing the 
proteins needed for blood clotting, a person will bruise or bleed easily.

• Esophageal varices and gastropathy. When portal hypertension occurs, it 
may cause enlarged blood vessels in the esophagus, called varices, or in 
the stomach, called gastropathy, or both. Enlarged blood vessels are more 
likely to burst due to thin walls and increased pressure. If they burst, 
serious bleeding can occur in the esophagus or upper stomach, requiring 
immediate medical attention.

• Splenomegaly. When portal hypertension occurs, the spleen frequently 
enlarges and holds white blood cells and platelets, reducing the numbers 
of these cells in the blood. A low platelet count may be the first evidence 
that a person has developed cirrhosis.



What are the complications of 
cirrhosis?

• Jaundice. Jaundice occurs when the diseased liver does not remove enough 
bilirubin from the blood, causing yellowing of the skin and whites of the eyes and 
darkening of the urine. Bilirubin is the pigment that gives bile its reddish-yellow 
color.

• Gallstones. If cirrhosis prevents bile from flowing freely to and from the 
gallbladder, the bile hardens as gallstones.

• Hepatic encephalopathy. A failing liver cannot remove toxins from the blood, and 
they eventually accumulate in the brain. The buildup of toxins in the brain—called 
hepatic encephalopathy—can decrease mental function and cause coma. Signs of 
decreased mental function include confusion, personality changes, memory loss, 
trouble concentrating, and a change in sleep habits.

• Insulin resistance and type 2 diabetes. Cirrhosis causes resistance to insulin—a 
hormone produced by the pancreas that causes the body to absorb glucose from 
the blood. With insulin resistance, the body’s muscle, fat, and liver cells do not 
utilize insulin properly. The pancreas tries to keep up with the demand for insulin 
by producing more, but excess glucose builds up in the bloodstream causing type 2 
diabetes.



Diagnosis

• Tests and procedures used to diagnose cirrhosis 
include:
– Blood tests such as a complete blood count, bilirubin

test and specific tests to determine the cause of 
cirrhosis

– Imaging procedures such as computed tomography 
(CT), ultrasound and magnetic resonance imaging 
(MRI)

– Examination of a sample of liver tissue (liver 
biopsy), which is typically done using a needle guided 
by ultrasound imaging



Pathogenesis
Hepatocellular 
carcinoma: cancer 
of the liverChronic Hepatitis



Treatments*

• Treatments for the underlying cause of cirrhosis
In early cirrhosis, it may be possible to minimize 
damage to the liver by treating the underlying 
cause. For example:
– Treatment for alcohol dependency. People with 

cirrhosis caused by alcohol use need to stop drinking. 
If stopping alcohol use is difficult, your doctor may 
recommend a treatment program for alcohol 
addiction.

– Medications to control hepatitis. Medications may 
control damage to liver cells caused by hepatitis B or 
C.

*Mayo Clinic



Treatments*
• Treatments for complications of cirrhosis

– Excess fluid in your body. Fluid that accumulates in your abdomen (ascites) or your legs 
(edema) may be managed with a low-sodium diet and water pills. More severe fluid 
buildup may require procedures to drain the fluid or surgery to relieve pressure.

– Increased pressure in the portal vein and surrounding small veins. Blood pressure 
medications may control increasing pressure in the veins around your liver. This may 
prevent severe bleeding. Surgery to place a stent to hold open the portal vein also may 
be necessary. Your doctor may recommend an endoscopy procedure to examine the 
veins in your esophagus and stomach for signs of bleeding.

– Infections. You may receive antibiotics or other treatments for infections.

– Liver cancer screening. Your doctor may recommend periodic blood tests and 
ultrasound exams to look for signs of liver cancer.

– High levels of toxins in the blood (hepatic encephalopathy).Your doctor may instruct 
you to watch for signs and symptoms of hepatic encephalopathy, which can range from 
confusion and mild changes in your thinking to coma. Medications can help treat hepatic 
encephalopathy.

– Liver transplant surgery
People with advanced cirrhosis may require liver transplants if their livers are no longer 
functioning (liver failure). Liver transplant is a procedure to remove your liver and 
replace it with a whole liver from a deceased donor or with part of a liver from a living 
donor.*Mayo Clinic



How Can We Treat These Patients?
• Liver donation/transplantation

Liver transplant waiting list 

activity among adult patients

Liver transplant waiting list 

status, new listings (2006)

United Network for Organ Sharing

Organ Procurement and Transplantation Network (2010)

22.8%



Cadaveric transplantation

• The first human liver transplantation was in 1963
• Until the application of cyclosporine for 

immunosuppression in the late 1970s, the long-term 
survival of transplant recipients was low. 

• Because of continued improvements in surgical techniques, 
organ preservation, and immunosuppression, 1-year 
survival rates are currently 85–90%. 

• The most common indications for liver transplantation are 
chronic hepatitis, alcoholic liver disease, and cirrhosis. 
– The standard immunosuppressive therapy for transplant 

recipients consists of tacrolimus plus corticosteroids. 



Split liver transplantation

• In efforts to more effectively distribute donated organs, 
surgeons have developed techniques to use a single 
liver in two recipients. 

• Split liver procedures originated with reduced-size 
transplantation, in which a child would receive only the 
right lobe of a cadaveric liver. 
– It soon became evident that the larger left lobe could be 

successfully grafted into adults, rather than discarded.

• Split liver operations are not performed everywhere 
and may be complicated by anatomical variation or the 
availability of recipients meeting specified criteria.



Xenotransplantation

• The earliest reports of hepatic xenografts
came in 1993, with baboon liver 
transplantation being utilized

• FDA has approved trials to continue

– Risks?
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• The earliest reports of hepatic xenografts
came in 1993, with baboon liver 
transplantation being utilized

• FDA has approved trials to continue

– Risks?

• Rejection

• Infectious risk



What are our Options?

• Tissue Engineering 
has provided us 
with the tools 
needed to attempt 
to solve the 
problem of liver 
cirrhosis
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(The 3 S’s)

• Sourcing (cell source)

Primary donor cells, stem cells, xenogeneic
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Cells Used in Extracorporeal Solutions

• Primary hepatocytes are the most common 
cellular component in current engineered 
therapies. 

• Most devices undergoing clinical evaluation use 
porcine hepatocytes, which are readily available.
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Dhawan, A. et al. (2010) Nat. Rev. Gastroenterol. Hepatol.

Delivery & Engraftment



Miller et al., Nature Materials, 2012                     Homework #2

Transport Limitations



Extracorporeal Devices

• The most common bioartificial liver device design 
incorporates hepatocytes in hollow fiber cartridges 
borrowed from hemodialysis. 

• Hollow fiber membranes provide a scaffold for cell 
attachment and immunoisolation, and are well 
characterized in a clinical setting, but may not provide 
adequate nutrient transport or the proper 
environmental cues for long-term hepatocyte
stabilization. 

• Flat plate or monolayer bioreactors have been 
proposed that offer better control of hepatocyte
microenvironment, but would be difficult to scale up.



Extracorporeal Devices



Extracorporeal Device Needs
• Although many devices include a combination of convective and diffusion 

transport phenomena, mass transfer limitations of key nutrients to and 
from the cellular compartment are primarily due to diffusion resistance. 
– Barriers to diffusive transport include membranes, collagen gels, and nonviable cells. 

– Membranes have been used with a wide range of molecular mass cutoffs, from 20 to 
200 kDa, but presently most designs specify a range between 100 and 150 kDa. 

• Some challenges involved in scaling up experimental reactors include 
maintaining a uniform microenvironment, minimizing dead volume, 
providing adequate cell number, and ensuring homogeneous flow 
distribution. 
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