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SUMMARY
OBJECTIVE: The aim of this study was to determine the prospective capacity and impact of donor risk index, preallocation survival 

outcomes following liver transplant, donor model for end-stage liver disease, and balance of risk on patients’ 30-day survival after liver 

transplantation.

METHODS: We prospectively analyzed patient survival in a multicentric observational cohort of adult liver transplantation through the 

year of 2019 at the state of Paraná, Brazil. The receiver operating characteristic curve, the area under the curve, and the best cutoff 

point (i.e., the Youden’s index) were estimated to analyze the prognostic value of each index.

RESULTS: In total, 252 liver transplants were included with an average model for end-stage liver disease score of 21.17 and a 30-day 

survival of 79.76%. The donor risk index was the only prognostic variable with no relation to patients’ 30-day mortality model for 

end-stage liver disease and donor model for end-stage liver disease have no prognostic value on receiver operating characteristic 

curve, but preallocation survival outcomes following liver transplant, survival outcomes following liver transplant, and balance of risk 

presented good relationship with this observation. The cutoff value was estimated in 11–12 points for balance of risk and 9–12 for 

preallocation survival outcomes following liver transplant and survival outcomes following liver transplant. The 30-day survival for 

the group of transplants with scores up to 12 points (n=172) in all the three indexes was 87.79%, and for those transplants with 

scores higher than 12 it was 36.36%. 

CONCLUSIONS: The 30-day survival is 79.76%, and balance of risk, survival outcomes following liver transplant, and preallocation 

survival outcomes following liver transplant are the good prognostic indexes. The cutoff value of 12 points has clinical usefulness to 

predict the post-liver transplantation results.
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INTRODUCTION
Since liver transplantation was already well established as the 
most appropriate treatment for end-stage liver diseases, it involves 
a myriad of factors related to the donor, recipient, anesthet-
ic-surgical procedure, and intensive care management which 
influence the occurrence of complications, survival, and costs1,2.

Many indexes have been validated to analyze survival, e.g., 
donor risk index (DRI)3, balance of risk (BAR)4, survival out-
comes following liver transplant (PSOFT/SOFT)5, and donor 
model for end-stage liver disease (DMELD)6.

Recently, Parana’s State Transplant System has outgained 
national prominence for the increase in the number of brain 
death notifications, effective donors, and number of trans-
plants, reaching the mark of 43.8 effective donors per million 
of population in 20197. Thus, the State Transplant Agency is 
concerned not only with transplantation number, but also with 
receptor’s survival8. No other prospective and multicentric study 
was published in Brazil evaluating state results.

To analyze this issue, it demanded a joint action evolving 
all hospitals registered for liver transplantation at the state and 
coordinated by the State Transplant Agency9. Each hospital had 
one representative composing the state technical board who was 
responsible to prospectively collect the data. This study aims to:

(A) determine patients’ 30-day survival after liver transplan-
tation during the year of 2019;

(B) examine the capacity of MELD, DMELD, DRI, PSOFT, 
SOFT, and BAR as the survival prognostic indexes in 
our local reality; and

(C) evaluate the impact of the selected prognostic indexes 
on patient survival.

METHODS
This is a prospectively collected multicentric observational cohort 
of all liver transplantation donors and recipients through the year 
2019 at the state of Paraná, Brazil. The inclusion criteria were adult 
recipients (>12 years of age) who received deceased donor organs. 
The exclusion criteria were living donor organs, impossibility to fin-
ish the organ implant surgery, and multiple organ transplantation.

We analyzed patients’ 30-day cumulative survival and the sur-
vival according to the following risk indexes calculated from the 
information collected from the donors and recipients as previously 
published: MELD, DMELD, DRI, PSOFT, SOFT, and BAR. 

A logistic regression analysis to model the probability of 
the dichotomic event (dead/not dead) in a linear combina-
tion of one or more independent variables was used to study 
the associated factors. Quantitative variables were assessed by 
the analysis of variance (ANOVA) for parametric data and the 
Kruskal–Wallis test for nonparametric data.

Aiming to investigate the best observed representation of 
prognostic scores, which could be more appropriate in alloca-
tion decisions for our cohort, a receiver operating characteristic 
(ROC) curve with the calculation of the area under the curve 
(AUROC) was performed to all the indexes. The best cutoff 
point was estimated by calculating the highest Youden’s index.

The level of significance adopted in all the analyses was 
5%. The data collection and analysis were performed using 
EpiInfo™ Epidemiological software (version 7.2.2.16, Center 
for Disease Control and Prevention)10.

As this study used only the aggregated data that are entirely 
anonymous, the approval of the Research Ethics Committee 
(CEP) was not necessary, according to the Resolution No. 
510/2016 of the National Health Council (CNS) in Brazil.

RESULTS
The group under analysis consisted of 252 liver transplantations: 
252 donors and 240 recipients (12 re-transplantations). Of the 
recipients, there were 179 (71.03%) males and 73 (28.97%) 
females. The mean age was 54.25±11.78 years, hepatopathy 
etiology was alcoholic in 33.3% (n=75), hepatitis B and C in 
17.34% (n=39), and hepatocarcinoma in 12% (n=27). The aver-
age MELD score was 21.17±8.06, and considering the excep-
tion points it was 23.78±7.77 (Table 1).

Table 1. Baseline characteristics of donors and recipients.

Recipients (n) 240

Male gender % (n) 71.03 (179)

Age 54.25±11.78

White race % (n) 66.22 (149)

Body mass index (n) 27.05±5.35

Disease (alcohol-related) % (n) 33.3 (75)

MELD score 21.17±8.06

MELD score (adjusted) 23.78±7.77

MELD exception points % (n) 16.39 (39)

Re-transplantation 4.76 (12)

Portal vein thrombosis 6.34 (16)

Donors (n) 252

Age 41.47±15.82

Black race % (n) 6.34 (16)

Height (centimeters) 170±10.49

Cause of death-cerebrovascular 46.42 (117)

Donation site-regional 91.67 (231)

Cold ischemia time (min) 346±116.84

MELD: model for end stage liver disease.
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Organ donation occurred within the state of Paraná in 
91.67% of cases (n=231), donor’s mean age was 41.47±15.82 
years, black race was observed in 6.34% (n=16), and cere-
brovascular etiology was the main cause of death in 46.42% 
(n=117), as shown in Table 1.

The cohort characteristics stratified according to the 30-day 
surgical mortality are shown in Table 2. DRI was the only 
prognostic variable without the statistical significance related 
to patients’ 30-day surgical mortality. 

The DMELD score ³1600 was observed in 3.98% (n=10) 
of transplants. The 30-day mortality in this group was 60%. 
The surgical mortality was lower (18.26%) on patients with 
the DMELD score <1600 (p=0.0044).

The sensitivity, specificity, Youden’s index, and AUROC 
were calculated for the indexes that showed differences between 
groups. MELD and DMELD showed AUC<0.7 (0.68 and 0.66, 
respectively). Therefore, these indexes were not associated with 
the 30-day mortality and were not used.

The ROC curve and AUC referred to BAR (0.7297), 
PSOFT (0.7717), and SOFT (0.7875) are shown on Figure 1.

The calculated Youden’s index point was located within 
11–12 score band for BAR (0.2484), 9–12 score band for 
PSOFT (0.3564), and 9–12 for SOFT (0.3453). 

The 30-day survival for the group of transplants with 
scores up to 12 (n=172) in all these three indexes was 
87.79%, and for transplants with all the three indexes 
with scores higher than 12 it was 36.36% (p=0.000). 
Considering simply one index, these results were 84.51 
and 53.85% for BAR (p=0.000), 87.23 and 57.81% for 
SOFT (p=0.000), and 86.67 and 45.24% for PSOFT 
(p=0.000), respectively. 

DISCUSSION
The 30-day survival curve analysis showed the impact of sev-
eral factors from the donor-recipient binomial. Currently, the 
MELD score is the criteria adopted for organ allocation11. It is 
a question of ethical debate whether the procedure should be 
indicated to patients with poorer prognosis12,13.

The use of MELD improved organ allocation14; however, it 
does not have the same accuracy to predict the post-transplant 
mortality15. Thus, the post-transplantation MELD stratified 
survival analysis based on the international data would not be 
the representative of our reality. In our local cohort, the MELD 
score also did not show good sensibility and sensitivity to pre-
dict survival. Stratifying risk with more validated criteria in a 
local context is important to improve survival. 

In our study, we observed the 30-day survival of 79.76%. 
Improvement in transplant survival has led to an increased 
demand for organs. One of the solutions is the use of expanded 
criteria donors. Nowadays, it has become an essential part of 
the therapeutic strategy16. The donor risk assessment has already 
been validated on the literature. DRI is based on a study of 
20,023 patients, and it considers several risk factors of donors5. 
In our series, neither split liver transplantation nor donor after 
cardiac death was observed. This eliminates the two main factors 
that influence the prognostic value of DRI17. Probably, this is 
the reason why there was no DRI difference related to mortal-
ity and survival. Another explanation is that expanded criteria 
organs are uniformly used in the state. This is corroborated by 
the findings of another local study with a cohort from a period 
immediately prior to the present study17, although our mean 
DRI is lower than the reported on other Brazilian regions18, a 
value observed in our third quartile.

Table 2. Risk indexes according to the 30-day mortality.

Cohort
(n=252)

%

30-day mortality

p-valueYes (n=51)
20.24

No (n=201)
79.76

MELD 21.17±8.06 24.92±9.09 20.21±7.51 0.0013*

MELDa 23.78±7.77 27±11.01 22.96±6.48 0.0157*

DRI 1.44±0.35 1.48±0.38 1.43±0.34 0.5341

DMELD 849.08±397.30 1015.94±470.23 806.74±365.95 0.0057*

BAR 8.21±4.31 10.60±5.28 7.61±3.81 0.0001*

PSOFT 8.87±6.93 13.80±9.87 7.62±5.31 0.0001*

SOFT 9.14±7.12 14.07±9.67 7.89±5.70 0.0000*

MELD: model for end stage liver disease; MELDa: MELD-adjusted; DRI: donor risk index; DMELD: donor model for end stage liver disease; BAR: balance 
of risk; PSOFT: Preallocation survival outcomes following liver transplant; SOFT: survival outcomes following liver transplant. *p<0.05.
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Donor’s age is an important risk factor for DRI. It influ-
ences two other components of the index5, namely, etiol-
ogy of brain death and cold ischemia time. Hence, another 
index was proposed to aid the allocation decision process19. 
DMELD is an index obtained by the multiplication of donor 
age and recipient’s MELD score. Groups with DMELD 
>1600 (i.e., 9.2% of the sample from the seminal study) 
had less than 1-year survival rate8. In our cohort, the group 
with DMELD ≥1600 presented much higher surgical mor-
tality (60%). Nevertheless, DMELD, as occurred to MELD, 
did not show good sensitivity and sensibility to predict sur-
vival (i.e., AUC=0.66), corroborating the findings of another 
Brazilian cohort20.

Risk models that predict the post-transplant mortality 
aggregating donor and recipient characteristics, such as SOFT7 
and BAR6 scores, are shown to be good prognostic models. 

These scores, despite considering cold ischemia time, can be 
calculated at the time of an organ offer. 

In our study, BAR score performed well, predicting the sur-
gical mortality after liver transplant. The BAR score was for-
mulated based on 37,255 patients of USA and Switzerland6. 
In another Brazilian cohort, BAR score demonstrated subop-
timal performance18. In the original study, deterioration in 
survival was observed after 18 points as a cutoff value6. In the 
Brazilian context, the cutoff value was estimated at 11 points18, 
in agreement with our findings, where the cutoff value was 
located in the range of 11–12.

We did not identify previous studies evaluating PSOFT 
and SOFT scores in the Brazilian population. Both presented 
better prognostic value than BAR used in our study. The cutoff 
value for both PSOFT and SOFT scores was in the stratifica-
tion range of 9–12. Based on 21,673 North American patients7, 

Figure 1. Receiver operating characteristic curve for balance of risk, preallocation and survival outcomes following liver 
transplant prognostic indexes.
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PSOFT and SOFT scores include the anatomical characteristics 
(i.e., portal vein thrombosis and previous abdominal surgery) 
not included in BAR score. As with BAR score, the original 
PSOFT and SOFT study showed higher cutoff value for worse 
prognosis (36 points) than our findings. 

Why is that? We can assume that in more developed 
countries more critical patients had better survival. It could 
be related to donor maintenance, organ harvesting solu-
tions, dedicated anesthesiology, and ICU teams, medical 
supplies, etc. Although the 30-day mortality is acceptable 
for a developing country, our study shows that this rate 
may be improved. 

When we aggregated the maximum cutoff values of the 
best performance scores in our analysis (i.e., BAR, SOFT, and 
PSOFT), we observed a survival rate of only 36.6%. This is a 
very relevant data, although it is a clinical and ethical challenge 
to deny a liver transplant based on risk analysis. 

CONCLUSIONS
(A) The 30-day liver transplantation survival of 79.76% 

observed in our state is acceptable and comparable with 
other Brazilian services.

(B) BAR, SOFT, and PSOFT are the validated post-trans-
plant survival prognostic scores in our state.

(C) The cutoff value of 12 points is able to identify enhanced 
risk situations.
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