
2833-5333

JOURNAL OF COMMUNITY MEDICINE 
AND HEALTH SOLUTIONS

J C M H S

www.communitymedjournal.com 027https://doi.org/10.29328/journal.jcmhs.1001054

Research Article

Impact of the MELD Scale on Hospital 
Admissions for Hepatocarcinoma (2000 
to 2018), Brazil
Alexandro das Mercês Silva*
University of São Paulo, Brazil

Abstract

Background: The health professional appears to be concerned given the number of questions 
surrounding the patient’s post-transplant survival, patient selection method, and the continuous 
search for scores that reϐlect their reality and reconcile the results they desire with the patient’s 
expectations. It is from these considerations that the present work was born with the purpose of 
understanding the reality of patients hospitalized for hepatocellular carcinoma and what adherence 
to the Model For End-Stage Liver Disease (MELD) criteria meant in Brazil. 

Methods: This study is a discrete, univariate time series on emergency hospitalizations that 
occurred between 2000 and 2018, in the city of São Paulo, Brazil. Python version 3.11 was the 
software used for statistical treatment and analysis of the time series. 

Results: There were 6887 hospitalizations for malignant neoplasm of liver and intrahepatic 
bile ducts, in the period 2000-2006, of which 2898 were elective and 3915 (56.85%) were urgent 
in the period. There was an increase of 63.97% in the number of emergency hospitalizations in 
relation to the period 2000-2006 and 2007-2013. To highlight, in 2013 there were 1270 emergency 
admissions, which represented an increase of 109.22% in relation to the number of emergency 
admissions in 2006. The contingency correlation analysis demonstrated a signiϐicant association 
between the variables in which the chi-square value was 82.18, the p-value was 1.24 x 10-19, and the 
critical value was 3.84 with one degree of freedom. There was a 123.65% increase in the number of 
hospitalizations for chronic hepatitis, not elsewhere classiϐied, between the periods 2000-2006 and 
2007-2013. The chi-square value of the contingency association was 221.22, with a p-value of 4.90 
x 10-50, a critical value of 9.488, with a signiϐicance level of 5% and one degree of freedom. The study 
showed an increase in hospitalizations of 21.88% for alcoholic liver disease between the periods 
2000-2006 and 2007-2013. In the period 2000-2006, there were 21330 hospitalizations, 19224 of 
which were urgent (90.13%). In the period 2007-2013, there were 25997 hospitalizations, of which 
22,802 (87.71%) occurred urgently. The chi-square value was 68.95, the p-value was 1 x 10-16, and 
the critical value was 3.84, with one degree of freedom. 

Conclusion: The MELD score, as it is sensitive to the patient’s severity, selects those who 
are at an advanced stage of the disease for liver transplantation. In this scenario, patients do not 
necessarily have access to outpatient services and begin to attend them regularly when MELD 
identiϐies the advanced stage of the disease, opening a gap between prevention, treatment, and 
rehabilitation.

In 2006, the criteria for distributing livers from deceased 
donors for transplantation was changed, with the severity 
criterion (MELD) being implemented. To be included on the 
waiting list, the patient undergoes evaluation by a transplant 
team, which places them on the waiting list. As soon as the 
patient is registered, they receive a registration number 
through which they can obtain information about their status 
on the waiting list, which can be: Active; Semi-active; or 
Removed. The distribution of the organ is made to registered 
patients and only those with Active status participate [3-5].

The MELD score (Model for End-Stage Liver Disease), a 

Introduction
The adoption of the Model For End-Stage Liver Disease 

(MELD) criteria will complete 20 years in Brazil in 2026. At 
the beginning of liver transplant programs, deceased donors 
in the State of São Paulo were allocated to different teams, on 
a daily scale, according to the number of candidates at each 
institution. In 1997, the legislation on organ transplants was 
regulated, and the Single List of Recipients was adopted, 
and coordinated by the State Department of Health, which 
considered the chronological order for carrying out the 
transplant [1,2].
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model initially created to estimate three-month survival in 
patients undergoing transjugular intrahepatic portosystemic 
venous shunt, has as variables the serum levels of creatinine, 
total bilirubin, and the international standardized ratio for 
prothrombin time (INR) being calculated by the formula:

MELD = 10*((0.957*Ln[Creatinine mg/dl] + (0.378 * Ln 
[Bilirubin mg/dl] + (1.12 * Ln[INR] + 6.43 * 10

In 2006, the MELD score was adopted in Brazil and the 
recommended exams must be renewed periodically [6-10].

MELD from 11 to 18 – valid for three months, exam taken 
in the last 14 days; 

MELD from 19 to 25 – valid for one month, exam taken in 
the last 7 days; 

MELD greater than 25 – valid for seven days, test taken in 
the last 48 hours.

The literature highlights the concern of health 
professionals given the number of questions surrounding 
post-transplant survival, patient selection, and the continuous 
search for scores that reϐlect their understanding of the 
professional reality and reconcile the results they desire with 
the expectations of patients [8,10-15].

It was from these considerations that the present work 
was born with the objective of analyzing and understanding, 
through a temporal study, the meaning, and impact of 
adherence to the MELD criteria on the process of deceased 
donor liver transplantation in the state of São Paulo, Brazil.

Methods
This study is a discrete, univariate time series on emergency 

hospitalizations that occurred between 2000 and 2018, in the 
city of São Paulo, Brazil. Python version 3.11 was the software 
used for statistical treatment and analysis of the time series.

To construct the forecast or projection model, data were 
aggregated into two periods: The period before the adoption 
of MELD (2000-2006) and the MELD period (2007-2013). For 
the Arima Seasonal prediction model, the period 2000-2006 
was used and the projection results for the next 24 months 
were compared, comprising the years 2007 and 2008.

The data were subjected to multiplicative decomposition, 
stationarity test using the Dickey-Fuller test, correlogram 
of autocorrelation and partial autocorrelation functions, 
exponential smoothing, and ϐinally the Arima Seasonal 
method was used to carry out the forecast, projection of 
hospitalizations 24 months after the adoption of MELD.

Still in relation to the two periods (2000-2006 and 2007-
2013), a contingency analysis was carried out using the 
frequency of emergency and non-urgent hospitalizations. The 
conclusion of the analysis was supported by the calculation 

of the chi-square value, p-value, critical value, and degree of 
freedom. 

The extracted data corresponds to the Hospital Admission 
Authorization stored in the Hospital Information System, 
which records all hospital admissions that were ϐinanced 
by the Brazilian National Health System. The Hospital 
Admission Authorization is only generated when the patient 
is admitted and provides information about the main reason 
for hospitalization, location, period of hospitalization, age, sex, 
procedures performed, etc. These data are made available 
for consultation in the DataSUS Health Information System-
Tabnet.

To describe the distribution of hospitalizations for 
hepatocellular carcinoma, data were collected according 
to the 3-digit ICD-10 diagnostic groups that characterize 
hepatocellular carcinoma: acute hepatitis B, other acute 
viral hepatitis, chronic viral hepatitis, malignant neoplasm 
of liver and intrahepatic bile ducts, alcoholic liver disease, 
hepatic failure- not elsewhere classiϐied, chronic hepatitis- 
not elsewhere classiϐied, ϐibrosis and cirrhosis of the liver, and 
other diseases of the liver.

Results
The adoption of the MELD criteria represented a reduction 

in hospitalizations of patients diagnosed with B16 - acute 
hepatitis B, B17 - other acute viral hepatitis, B18 - chronic 
viral hepatitis, K72 - liver failure not classiϐied elsewhere, and 
K74 - liver ϐibrosis and cirrhosis.

However, patients diagnosed with C22 - malignant 
neoplasm of the liver and intrahepatic bile ducts, K70 - 
alcoholic liver disease, K73 - chronic hepatitis not classiϐied 
elsewhere, and K76 - other liver diseases showed an increase 
in the number of hospitalizations.   

The reduction in hospitalizations due to K72 - liver failure 
not classiϐied elsewhere was accompanied by an increase 
in the number of liver transplants, a result also presented 
by K74 - liver ϐibrosis and cirrhosis. The diagnosis of K70 - 
alcoholic liver disease also showed an increase in the number 
of transplants, but this diagnosis was accompanied by an 
increase in the number of hospitalizations (Figure 1).

However, patients diagnosed with alcoholic liver 
disease, malignant neoplasm of the liver and intrahepatic 
bile ducts, other liver diseases, and chronic hepatitis not 
classiϐied elsewhere showed an increase in the number of 
hospitalizations, with these diagnoses being subjected to time 
series and correlation studies.

ICD 10: C22 - Malignant neoplasm of liver and 
intrahepatic bile ducts       

Malignant neoplasm of the liver and intrahepatic bile ducts 
fall into the subgroup formed by the diagnoses hepatic cell 
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carcinoma, intrahepatic bile duct carcinoma, hepatoblastoma, 
angiosarcoma of the liver, other sarcomas of the liver, other 
speciϐied carcinomas of the liver, malignant neoplasm of the 
liver, and unspeciϐied.

Admissions of adults remain regular, suggesting 
readmissions of the same group of patients and it is likely that 
this period is a period of tumor staging, making the incidence 
of signs and symptoms present from middle age or from the 
age of 60 onwards resulting in an increase in hospitalizations 
(Figure 2) [16-19].  

These results are in line with what the literature states 
about some diagnoses that constitute the ICD C22 subgroup, 
such as carcinoma of the intrahepatic bile ducts, which 
progresses without signs and symptoms, and only manifests 
at a more advanced stage of the disease when the patient is 
middle-aged (45 to 59) or elderly (60 years or more) [20-22].

The Arima model chosen for the study presented AIC: 
600.01, BIC: 609.72, HQIC: 603.93, and Ljung-Box: 0. The value 
of the partial autocorrelation function exceeds the signiϐicance 
threshold of 5% in lags 1, 2 and 3. In relation to the accuracy of 
the model, the Mean Square Error (MSE) is 75.45.

According to the series, emergency hospitalizations 
showed signiϐicant growth in 2001, reaching a peak in 2005, 
and showing a downward trend from 2006 onwards. The 
forecast, according to the Arima model, is for a lower number 
of hospitalizations than in 2006, however, the data observed 
in 2007 indicate an increase in hospitalizations, and from 
2008 onwards, hospitalizations assume linear growth (Figure 
3).

There were 6887 hospitalizations in the period 2000-2006, 
of which 2898 were elective and 3915 (56.85%) were urgent 
in the period. There was an increase of 63.97% in the number 
of emergency hospitalizations in relation to the period 2000-
2006 and 2007-2013. To highlight, in 2013 there were 1270 
emergency admissions, which represented an increase of 
109.22% in relation to the number of emergency admissions 
in 2006.

The contingency correlation analysis demonstrated a 
signiϐicant association between the variables in which the chi-
square value was 82.18, the p-value was 1.24 x 10-19, and the 
critical value was 3.84 with one degree of freedom.

While adults showed constant values   in the number of 
hospitalizations between the periods 2000-2006 and 2007-
2013, the middle-aged age group registered an increase of 
88.51% between the periods 2000-2006 (1097 emergency 
admissions) and 2007-2013 (2068 emergency admissions).

ICD 10: K70 - Alcoholic liver disease

Alcoholic liver disease is made up of the following 
diagnostic subgroups: alcoholic fatty liver, alcoholic hepatitis, 
ϐibrosis and alcoholic sclerosis of the liver, alcoholic liver 
cirrhosis, alcoholic liver failure, and alcoholic liver disease- 
not otherwise speciϐied. 

Steatosis is the ϐirst stage and can be reversed, followed 
by ϐibrosis and cirrhosis. Studies show that cirrhosis is more 

Figure 1: Distribution of hospitalizations that suffered reduction, 2000 to 2018. 
Source: SESSP/SIH-SUS - Hospital Information System.

Figure 2: Distribution of emergency hospitalizations for malignant of the liver and 
intrahepatic bile duct, 2000 to 2018. Source: SESSP/SIH-SUS - Hospital Information 
System.

Figure 3: Seasonal Arima Model for Emergency Admissions for Malignant Neoplasms 
of the Liver and Intrahepatic Biliary Tract, 2000 to 2018.
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prevalent in middle-aged people (45 to 59 years old). During 
adulthood (20 to 44 years) the disease progresses and in 
middle age, the diagnosis of cirrhosis is made. The MELD 
score, being sensitive to the patient’s severity, selects patients 
at an advanced stage of the disease, leaving adult patients (20 
to 44 years old) without screening, prevention, and outpatient 
care measures [23-26]. 

Therefore, interventions in middle-aged patients are not felt 
through a reduction in hospitalizations because adult patients 
progress to a more severe stage of the disease, increasing the 
number of hospitalized patients (Figure 4) when they enter 
middle age. Adult patients do not necessarily have access to 
outpatient or prevention services, having access to assistance 
and attending the outpatient clinic regularly when the MELD 
identiϐies the advanced stage of the disease [27-34].

The Arima Model (2,1,1) presented AIC: 793.23, BIC: 
802.12, and HQIC: 797.12. The residues appear as white noise 
given that the LJung-Box value: 0. In relation to the accuracy of 
the model, the Mean Square Error (MSE) is 914.48. It is worth 
mentioning the 136% growth in the number of hospitalizations 
between the months of March 2002 and June 2002. There are 
approximately two years (January 2000 to February 2002) 
in which the average number of hospitalizations is 147.73 
hospitalizations with a variance of 13183.3 and a standard 
deviation of 114.81. Between March 2002 and June 2002, the 
average increased to 220 hospitalizations, a variance of 6126, 
and a standard deviation of 78.27 (Figure 5).

The study showed an increase in hospitalizations of 
21.88% between the periods 2000-2006 and 2007-2013. In 
the period 2000-2006, there were 21330 hospitalizations, 
19224 of which were urgent (90.13%). In the period 2007-
2013, there were 25997 hospitalizations, of which 22,802 
(87.71%) occurred urgently. The chi-square value was 68.95, 
the p-value was 1 x 10-16, and the critical value was 3.84, with 
one degree of freedom.

ICD 10: K73 - Chronic hepatitis, not elsewhere classifi ed

The K73 grouping - chronic hepatitis not elsewhere 
classiϐied (NCOP) is made up of diagnostic subgroups: K73.0 
- chronic hepatitis, not elsewhere classiϐied; K73.1 - chronic 

lobular hepatitis not elsewhere classiϐied; K73.2 - chronic 
active hepatitis, not classiϐied elsewhere; K73.8 - other 
chronic hepatitis not classiϐied elsewhere, and K73.9 - chronic 
hepatitis, not otherwise speciϐied.

The period 2000-2006 recorded 1236 hospitalizations, 
of which 668 (54.4%) occurred urgently, while 2007-2013 
presented 1887 hospitalizations, corresponding to 1494 
hospitalizations or 79.1% of this total (Figure 6).

The chosen Arima Model presented AIC: 463.82, BIC: 
473.50, HQIC: 467.71, and LJung-Box: 0.07. Regarding the 
accuracy of the model, the Mean Square Error (MSE) is 7.68. 
According to the series, there is a decline in hospitalizations 
reaching the lowest value in 2003 and according to the graph 
the tendency would be to maintain hospitalization values   
at this level, however, the data observed show a signiϐicant 
increase in emergency hospitalizations in 2007 (Figure 7).

There was a 123.65% increase in the number of 
hospitalizations between the periods 2000-2006 and 2007-
2013. The chi-square value of the contingency association was 
221.22, with a p-value of 4.90 x 10-50, a critical value of 9.488, 
with a signiϐicance level of 5% and one degree of freedom.

ICD 10: K76 - Other diseases of liver

ICD 10 K76 is made up of the following diagnostic groups: 
fatty degeneration of the liver not classiϐied elsewhere, 
chronic passive liver congestion, central hemorrhagic necrosis Figure 4: Distribution of emergency hospitalizations for Alcoholic liver disease, 2000 

to 2018. Source: SESSP/SIH-SUS - Hospital Information System.

Figure 5: Seasonal Arima Model for Emergency Admissions for Alcoholic Liver 
Disease, 2000 to 2018.
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of the liver, liver infarction, peliosis hepatis, veno-occlusive 
liver disease, portal hypertension, hepatorenal syndrome, 
other speciϐic liver diseases, and liver disease- not otherwise 
speciϐied [35-39].

There was a signiϐicant increase in the number of 
hospitalizations between the periods 2000-2006 and 2007-
2013. While in the period 2000-2006, 2769 hospitalizations 
were recorded, of which 1439 (51.96%) were urgent, in the 
period 2007-2013, 12110 hospitalizations were recorded, 
9943 (82%) of which were urgent. The chi-square of the 
association was 1139, with a p - value of 1.1 x 10-249, a critical 
value of 9.488, with a signiϐicance level of 5% and one degree 
of freedom (Figure 8).

The chosen Arima Model presented AIC: 525.21, BIC: 
534.89, HQIC: 529.10, and LJung-Box: 0.01. Regarding the 
accuracy of the model, the Mean Square Error (MSE) is 30.77. 

According to the series, there is a decline in hospitalizations 
reaching the lowest value in 2003 and according to the graph 
the tendency would be to maintain hospitalization values   
at this level, however, the data observed show a signiϐicant 
increase in emergency hospitalizations in 2007 (Figure 9).

All age groups showed an increase in the number of 
hospitalizations. Highlighting emergency admissions, the 
group of children under one year of age in the period 2000-
2006 recorded 34 admissions and in the period 2007-2013 
there were 125 emergency admissions, an increase of 
267.65%.

Children aged 1 to 9 years recorded 70 hospitalizations in 
the period 2000-2006 and 219 emergency hospitalizations in 
the period 2007-2013. Adolescents showed a 356% increase in 
the number of hospitalizations, registering 60 hospitalizations 
in the period 2000-2006 and 274 hospitalizations in the 
period 2007-2013.

Figure 6: Distribution of emergency hospitalizations for chronic hepatitis, not 
elsewhere classiϐied, 2000 to 2018. Source: SESSP/SIH-SUS - Hospital Information 
System.

Figure 7: Seasonal Arima Model for Emergency Admissions for Chronic Hepatitis, not 
elsewhere classiϐied, 2000 to 2018.

Figure 8: Distribution of emergency hospitalizations for other diseases of the liver, 
2000 to 2018. Source: SESSP/SIH-SUS - Hospital Information System.

Figure 9: Seasonal Arima Model for Emergency Admissions for Other diseases of the 
liver, 2000 to 2018.
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423 adults were hospitalized in the period 2000-2006 
and 2213 in the period 2007-2013, an increase of 423%. The 
middle-aged group recorded 467 emergency hospitalizations 
in the period 2000-2006 and 3530 hospitalizations in the 
period 2007-2013, an increase of 655%. Elderly people 
registered 385 emergency hospitalizations in the period 
2000-2013 and 9943 in the period 2007-2013, an increase of 
830%.

Conclusion
The MELD score, as it is sensitive to the patient’s severity, 

selects those who are at an advanced stage of the disease 
for liver transplantation. In this scenario, patients do not 
necessarily have access to outpatient services and begin to 
attend them regularly when MELD identiϐies the advanced 
stage of the disease, opening a gap between prevention, 
treatment, and rehabilitation.
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