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Liver failure occurs when large parts of the 

liver become damaged beyond repair and the 

liver is no longer able to function



The most common causes of chronic liver failure (where 

the liver fails over months to years) include:

•Hepatitis B 

•Hepatitis C 

•Long term alcohol consumption

•Cirrhosis 

•Hemochromatosis (an inherited disorder that causes the 

body to absorb and store too much iron)

•Malnutrition



The causes of acute liver failure, when the liver fails 

rapidly, however, are often different. These include:

•Acetaminophen (Tylenol) overdose.

•Viruses including hepatitis A, B, and C (especially in 

children).

•Reactions to certain prescription and herbal 

medications.

•Aflatoxin (Aspergillus flavus).

•Ingestion of poisonous wild mushrooms.



The Model of Enstage Liver Disease or MELD score.

The Model for End-Stage Liver Disease (MELD) score has been in use 

since February 2002. It is used to measure a patient's risk of dying 

from chronic liver failure over a 90 day period from the day it was 

measured. It is used to determine the order and urgency of patients 

waiting for a liver transplant. The "MELD score" is a number scale. 

The range is from 6 (less ill) to 40 (gravely ill). The number is 

calculated using the following laboratory tests: 



•Total Bilirubin: a measure of how well the liver clears certain body wastes.
•INR (International Normalized Ratio or previously known as the prothrombin time): a 

measures the liver’s ability to make blood clotting factors.
•Creatinine: a measure of kidney function. Severe liver failure often results in kidney 

failure.

In general:

If the MELD score is greater than 10 patients are evaluated for a liver transplant. However, 

even if placed on the liver transplant list, patients are not actively called in for a liver 

transplant until their MELD score is 15 or greater. As the MELD score increases, patients are 

progressively sicker and more debilitated.



Liver transplantation or hepatic transplantation 

is the replacement of a diseased liver with a 

healthy liver from another person (allograft). The 

most commonly used technique is orthotopic 

transplantation, in which the native liver is 

removed and replaced by the donor organ in the 

same anatomic location as the original liver. Liver 

transplantation is a viable treatment option for 

end-stage liver disease and acute liver failure.





Waiting list dynamics in the state of Sao Paulo, Brazil

The aim of this study is to demonstrate the performance of 

our state liver transplantation program and analyze when 

the number of liver transplantation will meet the demand 

of our waiting list.



Year Tr I D

1997 63

1998 160 553 321

1999 188 923 414

2000 238 1074 548

2001 244 1248 604

2002 242 1486 725

2003 289 1564 723

2004 295 1500 671

The data related to the actual number of liver 

transplantation, Tr, the incidence of new patients 

in the list, I, and the number of patients who 

died in the waiting list, D, in the State of São 

Paulo since 1997 as:



Tr =107.07ln(year) + 72.943



We next projected the size of the waiting list, L, by 

taking into account the incidence of new patients per 

year, I, the number of transplantations carried out in 

that year, Tr, and the number of patients that died in 

the waiting list, D. The dynamics of the waiting list is 

given by the difference equation:

that is, the list size at time t+1 is equal to the size of 

the list at the time t, plus the new patients getting 

into the list at time t, minus those patients who died 

in the waiting list at time t, and minus those patients 

who received a graft at time t. The variables I, and D, 

from 2004 onward were projected by fitting an 

equation by maximum likelihood, in the same way 

that we did for Tr. 





The potential impact of using ABO-compatible 

living donor liver transplantation (LDLT) on 

the liver transplantation program and waiting 

list in the state of Sao Paulo, Brazil.

The aim of this work was to analyze through a 

mathematical equation, the potential impact 

of using ABO-compatible LDLT on both our liver 

transplantation program and waiting list in the 

state of Sao Paulo.



we calculated the probability that a giving 

receptor has a compatible parent. For this we 

need first the frequency distribution of each 

blood type in the population of the State of 

Sao Paulo. We calculated the frequency 

distribution of each blood group alleles by 

applying the Hardy-Weinberg equation for 3 

alleles, that is:
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Blood 

Group

Prevalence in the 

Population

Probability of having a 

compatible parent

Probability of 

having at least one 

compatible sibling

O 0.5067 0.154 0.350

A 0.3217 0.169 0.122

B 0.1345 0.059 0.052

AB 0.0371 0.029 0.029

Blood Group (phenotype) A B AB O

Genotype

Complete

Representation

IAIA or

IAIO

IBIB or

IBIO

IAIB IOIO 

Simplified

Representation

AA or AO BB or BO AB OO









Now, assuming that on average 25% of list is comprised by 

children, who should receive a liver from a parent and 75% 

is comprised by adults, who should receive a liver from a 

brother or sister, we can calculate the impact of LDLT in the 

waiting list by writing:
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with L0 = 218, the size of the list in 1997
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The Potential Impact of Non-Heart Beating 

Donors on the Liver-Transplantation Waiting List 

of São Paulo, Brazil

We applied a mathematical model to analyse the 

potential impact of using Non-Heart Beating Donors 

policy on the liver transplantation waiting list in the State 

of São Paulo, Brazil. The model shows that, assuming only 

10%, 480 additional liver transplantations. This additional 

transplantations figure when applied in the model results 

in a relative reduction of 37% in the size of the waiting list 

and a projected number of averted deaths of about 

41,500 in 20 years.





Theoretical impact of an anti-HCV vaccine on the 

annual number of liver transplantation

The development of an effective vaccine for hepatitis C is 

of paramount importance, given the global disease burden 

and its public health impact. We simulated a theoretical 

vaccine with 98% efficacy and coverage of 95% of the 

susceptible population, an achievable program.  The 

simulated period of vaccination varied from 0 to 70 years 

and we calculated, through a mathematical model, the 

reduction in the number of liver transplantations carried 

out each year. 
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The program is entirely inefficient until 20 years of vaccination and its 

impact rises linearly with time, reaching a maximum of 40% reduction. 

The model assumes that approximately 50% of all the liver 

transplantation carried out in our  population are due to HCV 

infection. Therefore, the maximum reduction in the number of 

transplantation attained after 70 years is 10% less of the theoretical 

optimum. This is due to the 2% of primary vaccination failure plus the 

5% in the coverage failure, which leaves a small proportion of 

susceptible individuals who will catch the infection and evolve to liver 

failure. 



Does anti-HBV vaccine make any difference in long-term 

number of liver transplantation ?

In the absence of any previous study comparing population treated 

and non-treated with respect to the number of liver failure due to 

HBV we have decided to apply a model previously proposed to study 

the projected impact of vaccination against hepatitis C on liver 

transplantation to the case of hepatitis B as a cause of liver 

transplantation.
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Our analysis suggests that increasing the vaccination 

coverage against HBV in the State of São Paulo would have a 

relatively low impact on the number of liver transplantation. 

In addition, this impact would take several decades to 

materialize due to the long incubation period of liver failure 

due to HBV.



A Model for Optimizing the Indications of Liver 

Transplantation in Patients with Hepatocellular 

Carcinoma in the state of Sao Paulo, Brazil

The Milan Criteria, MC, is defined by the presence of a single 

nodule up to 5 cm, up to three nodules none larger than 3 cm, with 

no evidence of extrahepatic spread or macrovascular invasion. The 

Brazilian law allows patients only within MC to be evaluated and 

considered for LT. This police implies that some patients with HCC 

slightly more advanced than those allowed by the current strict 

selection criteria will be excluded, even though LT for these patients 

might be associated with acceptable long-term outcomes .



We propose a mathematical approach to study the 

consequences of relaxing the MC for patients with HCC that do 

not comply with the current rules for inclusion in the 

transplantation candidate list. We consider overall 5-years 

survival rates compatible with the ones reported in the 

literature. We simulate our model in order to reproduce what is 

known about the survival of the two groups of patients (those 

who comply with the strict MC and those who do not) and 

calculate the best strategy that would minimize the total 

mortality of the affected population, that is, the total number of 

people in both group that dies after 5 years of the 

implementation of the strategy, either by post-transplantation 

death or by death due to the basic HCC.





















The impact of MELD score on the waiting list dynamics in 

the state of Sao Paulo, Brazil

The aim of this study is to analyze the impact of the 

introduction of the MELD score in 2006 in São Paulo, as a 

criteria for liver transplantation on the waiting list 

dynamics.



Year Tr I D

2006 349 1566 895

2007 330 1022 734

2008 454 1213 490

2009 609 1287 455

2010 671 1415 403

2011 609 1577 470

2012 501 1488 441

The data related to the actual number of liver 

transplantation, Tr, the incidence of new patients 

in the list, I, and the number of patients who 

died in the waiting list, D, in the State of São 

Paulo since 2006 is now:



Tr =500ln(year) + 184.7
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We next projected the size of the waiting list, L, by 

taking into account the incidence of new patients per 

year, I, the number of transplantations carried out in 

that year, Tr, and the number of patients that died in 

the waiting list, D. The dynamics of the waiting list is 

given by the difference equation:

that is, the list size at time t+1 is equal to the size of 

the list at the time t, plus the new patients getting 

into the list at time t, minus those patients who died 

in the waiting list at time t, and minus those patients 

who received a graft at time t. The variables I, and D, 

from 2006 onward were projected by fitting an 

equation by maximum likelihood, in the same way 

that we did for Tr. 
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