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Abstract

BACKGROUND

Despite its association with higher postoperative morbidity and mortality, e use of

extended criteria donor (ECD) livers for transplantation has increased globally due to

the high demand for the procedure.

AIM
To investigate the prevalence of ECD in donation after brain death (DBD) and its impact

on organ acceptance for transplantation.

METHODS

Retrospective analysis of DBD organ offers for liver transplantation between 2017 and
2020 in a high-volume transplant centre. The incidence of the Eurotransplant risk
factors to define an ECD (ET-ECD) among DBD donors and the likelihood of organ
acceptance over the years were analysed. The relationship between organ refusal for
transplantation, the occurrence, and the number of ET-ECD was assessed by simple and

multiple logistic regression adjustment.

SULTS
A total of 1619 organ donors were evaluated. Of these, 78.31% (n = 1268) had at least
one ET-ECD criterion. There was &h increase in the acceptance of ECD DBD organs for

transplantation (1 criterion: from 23.40% to 31.60%; 2 criteria: from 13.10% to 27.70%; 3
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criteria: From 6.30% to 13.60%). For each addition of one ET-ECD variable, the
estimated chance of organ refusal was 64.4% higher (OR 1.644, 95%CI 1.469-1.839, P <
0.001). Except for the donor serum sodium > 165 mmol/L (P = 0.310), all ET-ECD

criteria increased the estimated chance of organ refusal for transplantation.

CONCLUSION

A high prevalence of ECD DBD was observed. Despite the increaseﬁl their utilisation,
the presence and the number of extended donor criteria were associated with an
increased likelihood of their refusal for transplantation.
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Core Tip: To suffice the demand of patients on the waiting list, the use of extended
criteria donor (ECD) organs for transplanEtion has become a global need. This large
retrospective analysis of 1619 donations after brain death (DBD) donor offers to a
transplant centre in Brazil applied the Eurotransplant manual criteria to indicate an
CD. The prevalence of ECD was 78.31%. Whilst there was an increase in ECD-DBD
liver transplanation over the years. Still, the presence and number of extended donor
criteria were associated with an increased chance of donor organ rejection for

transplantation.

INTRODUCTION

Currently, orgaléshortage a major limitation in transplantation. Although Brazil is the

second country in the absolute number of liver transplants performed worldwide, it still
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needs to increase its figures. According to the Brazilian Transplant Registry, although
2245 liver transplants were performed in 2019, in that year, the waiting list had yet more
1213 people waiting for an organl'l. In addition, the same reﬁort showed a progressive
change in the demographic profile of organ donors, with an increase in the incidencrﬁjf
cerebrovascular diseases as the cause of death-in spite of trauma-and an increase in the
proportion of donors older than 60 years old!1l.

Although there is still no precise definition by the transplant community, donors who
present, among other risk factors, older age, hypernatremia, prolonged time in the
intensive care unit (ICU), abnormal liver enzymes, and moderate or severe statosis are
known as extended criteria donors (ECD)RI. In addition, ECD allografts are associated
with an increased risk of delayed graft function, primary nonfunction, and
postoperative complications!Z4l.

The first international study involving a large sample of patients promoted by the
European Liver Intestine Transplant Association (ELITA) and the Eurotransplant Liver
Intestine Advisory Committee ( C) reports the following donor risk factors in liver
transplanﬁtion: Age, ICU time, high body mass index (BMI), steatosis, hypernatremia,
elevated alanine aminotransferase (ALT), elevated aspartate aminotransferase (AST),
and raised total bilirubin levelsl5l. Therefore, the donor is considered an ECD if one of
thﬁe criteria is present.

To meet the demand of patients on the waiting list, using ECD organs for
transplantation has become a global need34. For example, in the United States of
America, from 2000 to 2005, the number of liver transplants increased by 21%![6l.
Another study at the same centre reported a growth in the number of transplants with
ECD organs (4.5% in 2008 compared to 0.5% in 1999)Fl. Furthermore, organ
characteristics, such as ischaemia time and the use of partial grafts, negatively impact
postoperative outcomes/>8l.

Despite the relevance of this topic and the numbers described above suggesting a
demographic change in the organ donor population, data on Ec&prevalence among

organ donors and their utilisation rate are scarce. Therefore, this study aimed to
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evaluate the prevalence of ECD allografts in donation after brain death (DBD) liver

transplantation and the likelihood of organ acceptance over the years.

MATERIALS AND METHODS

Design of the study, patient selection, and ethics statement

The study involved a retrospective analysis of data obtained from liver donor offers for
the Solid Organ Transplant Program of the Hospital Israelita Albert Einstein, Sdo Paulo,
Brazil, between June 2017 and December 2020. All liver allograft donors offered to our
transplant ceﬁe over the study period were analysed. There were no exclusion criteria
in the study. The study was reviewed and approved by the Research Ethics Committee
of Hospital Israelita Albert Einstein with opinion 4.696.905, CAAE:
39704520.0.0000.0071.

Extended criteria donor definition
As previously defined by the Eurotransplant!®, an ECD was defined as the presenge of
one or more of the following donor characteristics reflective of a high chance of post-
transplant complications such as primary nonfynction and early allograft dysfunction
(ET-ECD): Age > 65 years old, ICU stay > 7 d, BMI > 30 Kg/m?, liver steatosis > 40%,
serum sodium > 165 mmol/L, ALT > 105 U/L, AST > 90 U/L, and total serum bilirubin

> 3 mg/dL. Hepatic steatosis was evaluated by an experienced retrieval surgeon and

reported as present when an estimation of more than 40% was observed.

Data collection

In addition to the donor data described above, other variable:ﬁ/ere collected. This
collection included the donor's place of origin (local: Donor in the city of Sao Paulo;
regional: Donor in the state of Sao Paulo; national: Donor in another Brazilian State),
gender, blood type (ABO system), race, cause of death (cerebrovascular accident,
trauma, hypoxia, and others), history of alcoholism, and presence of cardiorespiratory

arrest among donors. All information was obtained from a retrospective institutional
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database prospectively maintained by the hospital liver transplantation program

management team. This information was delivered anonymised to the researchers.

Outcome variables

The occurrence of the following outcomes over the years was assessed dichotomously
(Yes vs No): (1) Organ offers acceptance for transplantation; and (2) transplantation of
the donor organ. All these variables were considered only once, regardless of the

number of times the organ was offered to different recipients of the transplant program.

Statistical analysis

Quantitative variables were described by medians and quartiles, given the distance
between mean and median and asymmetry observed in the variables through
histograms and normality tests. Categorical variables were described by absolute
frequencies and percentages. Simple logistic regression models assessed the
relationship between the occurrence and the number of ET-ECD criteria over the years.
In addition, the simple Poisson regression adjustment was used to assess the year. The
relationship between organ refusal for transplantation, the occurrence, and the number
of ET-ECD criteria was also evaluated by simple and multiple logistic regression
adjustment. Depending on the expected frequency per category, other associations
between qualitative variableﬁere assessed using Fisher's exact or Chi-squared tests.
Finally, the nonparametric Mann-Whitney test was used to compare quantitative
measures between groups, dependi n the distribution of numerical measures. The
SPSS statistical program version 22 (IBM Corp, Armonk, NY, United States) was used
for analyses, and the significance level adopted was 5%.

RESULTS

A total of 1619 DBD liver donors were evaluated. The distribution of organ donor offers
was proportionally similar during the studied period [2017 (6 mo): 1= 251 (15.50%);
2018: n = 463 (28.60%); 2019: n = 455 (28.10%); 2020: n = 450 (27.79%)]. The mean donor
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age was 49.70 years old [standard deviation (SD) 14.74] and the mean donor BMI was
26.66 kg/m2 (SD 4.68). A detailed descriptive analysis of the donor characteristics by
year is presented in Table 1.

There were 351 (21.68 %) donor offers without ET-ECD criteria and 1268 (78.32%) with
at least one ET-ECD criterion from 2017 to 2020. The frequency of ECD was similar
across years [2017 (6 mo): n = 197 (78.49%); 2018: n = 367 (79.27%); 2019: n = 349
(76.70%); 2020: n = 355 (78.89%)]. Of the ECD offers, 57.96% (n = 735) had two or more
ET-ECD criteria. A descriptive analysis of the prevalence of ET-ECD features over the
years is described in Table 2.

Analysis of extended criteria donor rate and their utilisation for transplantation per
year

Every year after 2017, the estimgated chance of a donor to be presenting with AST higher
than 90 U/L is 17.7% greater [odds ratio (OR) 1.177, 95% confidence interval (CI) 1.068-
1.298, P = 0.001]. There was no significant relationship between the year of offering and
other ET-ECD risk factors. The results of the simple logistic regression model for the
eight ET-ECD variables and the varigble indicating the occurrence of at least one ET-
ECD criterion are shown in Table 3. There was no significant relationship between the
change in the number of ET-ECD characteristics by year of offering (estimated ratio of
means 1.012, 95%CI 0.973-1.052, P = 0.551).

There was a reduction in the likelihood of donor organ refusal for transplantation
during the studied period [2017 (6 mo): n = 193 (76.89%); 2018: n = 360 (77.75%); 2019: n
= 310 (68.13%); 2020: n = 319 (70.89%)]. This reduction was due to the increased
acceptance of ECD liver allografts for transplantation. As a result, there was an increase
from 23.40% to 31.60% for 1 ET-ECD wariable, from 13.10% to 27.70% for 2 ET-ECD
variables, and from 6.30% to 13.60% for 3 ET-ECD variables. This growth in using ECD-
DBD organs is reflected in the prevalence of ECD per year among the transplants

performed, as demonstrated in Figure 1.
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Impact of the presence of extended donor criteria on the refusal rate of organs for
transplantation

For each addition of one ET-ECD criterion, the estimated chance of organ refusal for
transplantation was 64.4% greater (OR 1.644, 95%CI 1.469-1.839, P < 0.001). The results
of the logistic regression analysis showed that all ET-ECD variables increased the
estimated chance of refusing the organ for transplantation (Table 4), except for donor
serum sodium > 165 mmol /L (OR l.lﬁ 95%CI 0.862-1.596, P = 0.310).

All significant variables in this analysis were included in a multiple logistic
regression model to assess the relationship between organ refusal for transplantation
and the occurrence of ET-ECD criteria. A significant association was identified between
all measures considered in the model and organ refusal. The results are presented in
Table 4, along with each category's estimated proportions of refusal. They were

evaluated in an adjusted manner in relation to the other variables in the model.

DISCUSSION

Estimating ECD prevalence among DBD donors is critical to developing strategies to
expand the use of these higher-risk organs safely. This large retrospective analysis of
1619 DBD organ donors identified a high prevalence of ET-ECD criteria. In addition, the
ECD rate remained constant over the studied period. Although an increase in the rate of
ECD organ transplantation was identified, the occurrence of these criteria was
associated with their refusal for transplantation.

Using ECD organs for transplantation is necessary, even if associated with higher
morbidity and mortality1%l. This risk is continuous and progressively more significant
with the accumulation of adyerse donor and organ characteristics. Several studies have
described donor variables associated_with an increased risk of graft failure after
transplantation, e.g., age, race, height, cerebrovascular accident as a cause of death, and
split grafts(t1l.

By applying the ET-ECD criteria the Eurotransplant region (Austria, Belgium,

Croatia, Germany, Luxembourg, Netherlands, and Slovenia), at least one was present in
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more than 50% of liver donorsl'l. Despite criticism regarding validating the prognostic
value of these criteria, they are the only ones applied at the international level[1213]. In
the population investigated in our study, we found that almost 80% of DBD organ
donors had at least one of these criteria to be considered an ECD.

Studies applying other criteria to classify an organ donor as an ECD have described
their frequencies from approximately 50%![4l to 68%['%! in the United States of America
and from 52.8%[1] to 59.9%[17] in Canada. In Brazil, a recent study applying different
ECD indicative criteria described the transplantation of 56 ECD livers, representing 51 %
of the studied samplell8l. Previously, another study conducted in Brazil with data from
178 liver allografts reported an ECD rate of 76.97 %[1%. Although these numbers support
the high prevalence of ECD found in our study, the diversity of indicative criteria used
in each study is a limiting factor for properly interpreting data.

The process of accepting a donor organ for transplantation considers characteristics of
the recipient, such as the severity of the liver disease and their comorbidities, and
factors of the donor and the donor organ. Non-transplanted livers are often from old
donors, those with higher BMIs, viral hepatitis (B and C viruses), and a more significant
number of comorbidities(20l. Still, findings in the biopsy are highlighted as a cause for
discarding organs for transplantation/?2!l, In Brazil, a recent study reported that
problems related to the donor organ (macroscopic pathological changes, visible organ
damage, and inappropriate size) were the most common cause for donor organs not
being used for transplantation!?2.

The present study evaluated a significant sample of DBD organs over three years and
a half. Although, probably because of the time interval studied, evolutionary changes in
donor characteristics were not identified. The high prevalence of ECD was sustained
duging the study period. This diagnosis is concerning, especially considering the need
to increase the number of transplants to meet the demand for the procedure. Therefore,
implementing strategies to use ECD organs safely is necessary.

The routine application of the concept of donor-recipient risk balance (use of organs

from higher-risk donors for recipients with lower severity of liver disease and fewer
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comorbidities) should underpin ECD organ transplantation?>24. However, alternative
preservation methods may potentially be needed because of the inability of traditional
%tic cold storage to maintain ECD organs effectivelyl®l. The application of dynamic
organ preservation (the machine perfusion of the liver) in this setting is progressively
more reported in the literaturel®l. Machine perfusion aims to offer superior organ
preservation, mitigate ischaemia-reperfusion injury in these highly vulnerable organs,
assess their functional capacity, and potentially improve their quality before
trﬁplantation[mm.

There are some limitations to this study. Firstly, this is a retrospective, single-centre
study; drawing absolute conclusions based on this methodology may oversimplify the
complexities of evaluating a donor organ offer for transplantation. In addition, although
policies and the local culture of organ acceptance impact the decision of their use for
transplantation, this effect is mitigated by their constancy during the study period.
Furthermore, the reasons for discarding the offers were unavailable in our database.
Consequently, some of these organs may have been initially declined for the first
recipient of the program due to inappropriate size or logistical reasons, and another
transplantation team may have subsequently accepted them, therefore, not returning to
a recipient at our institution. However, this effect is random across all subjects and may
impact gll donors equally-regardless of whether ECD. It is also important to note that
due to the Model for End-Stage Liver Disease (MELD) sc%e-based system of donor
organ allocation in Brazil, through a single list according to the severity of liver disease,
the refusal rate of ECD organs in our service does not necessarily reflect the percentage

of use of these organs for transplantation in the country.

CONCLUSION

This study evaluated a large sample of DBD organ donors and found a high and
sustained §e\ralence of ECD in Brazil, which surpassed the numbers reported in other
countries. An increase in the use of these higher-risk organs for transplantation was

noticed during the study period, possibly due to the high demand for the procedure.
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Despite this fact, the refusal rate of DBD organs for transplantation remains high, and
the presence and the addition of ET-ECD criteria were associated with an increased
chance of them being refused. Therefore, implementing s%tegies to safely extend the
use of ECD organs is critical and demands attention from the transplant community to

benefit as many patients waiting for transplantation as possible.

ARTICLH—IIGHLIGHTS

Research background

The use of extended criteria donor (ECD) organs for transplantation has become a
global need due to the lack of donor organs to attend to the high demand for the

procedure.

Research motivation
Knowing the real prevalence of ECD in donation after brain death (DBD) donor organs
can pave the way for future research to understand better how to improve their use

safely.

Research objectives

To determine the prevalence of ECD allografts in DBD liver transplantation and the
likelihood of organ acceptance over the years.

Research methods

This is a retrospective, éingle-centre study. Liver donor offers for the Solid Organ
Transplant Program of the Hospital Israelita Albert Einstein, Sao Paulo, Brazil, were
included between June 2017 and December 2020. Multivariate ﬁlalysis was performed
to determine if any Eurotransplant ECD criteria (ET-ECD) were independent risk

factors for organ refusal for transplantation.

Research results
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The Ee\ralence of ECD among a total of 1619 organ donors analysed was 78.31%. There
was an increase in the acceptance of ECD DBD organs for transplantation along the
studied period. Despite that, for each addition of ope ET-ECD criterion, the estimated
chance of organ refusal was 64.4% higher (OR 1.644, 95%CI1.469-1.839, P <0.001).

Research conclusions
There was a high prevalence of ECD DBD even though an increase in the utilisation rate
of these higher-risk organs was noticed. The presence and the number of extended

donor criteria were risk factors for their refusal for transplantation.

Research perspectives

Further research is needed to develop more general accepted criteria to indicate ECD
donor organs. This must guarantee more reliable data for comparison between
countries. Furthermore, based on this diagnosis, strategies to increase ECD liver

transplantation safely are urgently needed to attend to the demand for the procedure.
Figure 1 Percentage of extended criteria donor liver transplantation over the years.

Growth in using extended criteria donors after brain death can be noticed over the

study period.
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