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Abstract
An aging population has prompted us to evaluate the indications of liver transplantation (LT) in elderly patients more 
frequently. In this review, we summarize the short- and long-term results after LT in elderly patients and also discuss the 
criteria used to select patients and how recipient age can challenge current allocation systems. Briefly, the feasibility and 
early outcomes of LT in elderly patients compare favorably with those of younger patients. Although long-term survival is 
less than satisfactory, large-scale studies show that the transplant survival benefit is similar for elderly and younger patients. 
Therefore, age alone does not contraindicate LT; however, screening for cardiopulmonary comorbidities, and asymptomatic 
malignancies, evaluating nutritional status, and frailty, is crucial to ensure optimal results and avoid futile transplantation.
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Introduction

Since the first successful liver transplantation (LT) in 
humans in 1967 [1], this procedure has shifted from a “last 
chance” treatment to a well-standardized procedure, now 
accepted as the only curative option for patients with end-
stage liver disease. The medical and surgical complexity of 
LT, combined with the current organ shortage, has led phy-
sicians to propose several selection criteria, among which 
the age of the recipient has always been considered impor-
tant. In fact, during the 1980s, the recipient age could not 
exceed 45–50 years [2], whereas now, arbitrary age limits 
have been abandoned. Transplant teams have become faced 
with increasing demand among elderly patients, in line with 
an aging population and also higher incidences of hepato-
cellular carcinoma (HCC) and non-alcoholic steatohepati-
tis (NASH) with age [3]. Consequently, several questions 
related to elderly recipients are emerging. Numerous stud-
ies from western and eastern countries have explored the 
impact of recipient age on post-transplant survival. However, 
their results are contradictory and the selection policies with 
regard to the age of the recipient are subject to variations 

from one center to another. This review discusses the main 
questions related to LT, excluding living donor LT, in elderly 
patients, based on the available literature.

Feasibility of LT in the elderly patients

In 1991, Starzl et. al reported a series of 156 patients older 
than 60 (the oldest being 76) who underwent LT [4]. The 
3-year survival rate was 65% and the authors concluded that 
“Advanced Age per se is Not a Contraindication to Liver 
Transplantation” provided that respiratory and cardiovascu-
lar function is adequate. Since the definition of elderly recip-
ients is unclear, the cutoff age in series moved progressively 
to 65 years and, more recently, to 70 years [5–10]. Data from 
the United Network for Organ Sharing and the European 
Liver Transplant Registry show an increase in the propor-
tion of elderly LT recipients over 65 years and over 70 years 
in the past decade. For example, in the United States, the 
proportion of registrants aged ≥ 65 years rose from 8% in 
2002 to 17% in 2014 [11]. The same trend was observed in 
recipients aged ≥ 70 years (1.4–3.1%). In 2010, a publication 
based on UNOS data revealed that four patients ≥ 80 years 
old were transplanted [12]. These results support the feasi-
bility of LT in elderly patients is now widely agreed. Table 1 
summarizes the findings of several series showing the feasi-
bility of LT in septuagenarians.
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Safety of LT in elderly patients

Studies investigating the factors impacting early survival 
after LT have identified two categories of predictors: those 
related to recipient conditions such as sarcopenia, MELD 

score, and organ failure at the time of transplant [13–15] 
and those related to post-transplant function recovery of 
the graft [16–18]. The practical consequence of these find-
ings is that optimal grafts should be given to the sickest 
recipient. Notably, the age of the recipient did not clearly 
predict early survival. Moreover, studies that compared 

Table 1  Overview of liver transplant results in septuagenarians

NA Not available, DDLT deceased donor liver transplant, LDLT living donor liver transplantation, USA United States of America, UNOS United 
Network for Organ Sharing, SRTR  Scientific Registry of Transplant Recipients, UHC University Health System Consortium, MRA magnetic 
resonance angiography, KNHI Korean National Health Insurance, OS overall survival

References Year Study population Donor type No. of elderly 
patients

Selection criteria Early outcomes Long-term out-
comes

Rudich [63] 1999 Single center, 
USA

DDLT 33 (> 70 yrs) N/A Similar complica-
tion rates

1-year OS: 60%

Aduen [7] 2004 Single center, 
USA

DDLT 42 (≥ 70 yrs) Cardiac stress 
testing and 
colonoscopy

Similar complica-
tion rates

1-year graft loss: 
17% but 5-year 
OS: 63%

Safdar [64] 2004 Single center, 
USA

DDLT 33 (≥ 70 yrs) N/A No comparison 1-year OS: 78%; 
3-year OS: 71%

Lipshutz [6] 2007 Single center, 
USA

DDLT 62 (≥ 70 yrs) All patients 
underwent 
cardiac workup, 
regardless of age

Similar complica-
tion rates

1-year 73%; 5-year 
OS: 47%

Schwartz [5] 2012 UNOS Registry DDLT (only 1 
LDLT)

743 (≥ 70 yrs) N/A N/A 1-year actuarial OS: 
81%; 5-year actu-
arial OS: 55%

Taner [9] 2012 Single center, 
USA

DDLT 13 (≥ 75 yrs) Cardiac stress 
echo, pulmonary 
function, nutri-
tional assess-
ment

No comparison 1-year OS: 100%; 
5-year OS: 50%

Lai [48] 2014 UNOS Registry DDLT 343 (≥ 70 yrs) N/A No comparison 1-year graft sur-
vival was 56% 
in patients with 
MELD ≥ 28 vs. 
82% in recipient 
with lower MELD 
score

Wilson [8] 2014 SRTR and UHC 
databases, USA

DDLT 323 (≥ 70 yrs) N/A Similar complica-
tion rates

1-year OS: 85%; 
5-year OS: 64%

Oezselik [65] 2015 Single center, 
Turkey

LDLT 12 (> 70 yrs) N/A No comparison 2 deaths within 
6 months post-LT 
(17%)

Kwon [10] 2017 Single center, 
Korea

LDLT–DDLT 25 (> 70 yrs) Echocardiogra-
phy, coronary 
CT angiography, 
thallium scan 
of myocardial 
perfusion, pul-
monary function 
test, brain MRA

Similar complica-
tion rates

1-year OS: 84%; 
5-year OS: 70%

Sharma [66] 2017 UNOS Registry DDLT 1511 (≥ 70 yrs) N/A No comparison 5-year OS about 
60%

Gil [67] 2018 KNHI, Korea LDLT–DDLT 84 (> 70 yrs) N/A Higher early mor-
tality rates

20% hospital mor-
tality

Mousa [68] 2019 Single center, 
USA

DDLT 162 (≥ 70 yrs) N/A Similar early 
survival rates

5-year OS: 71%
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the early outcomes of young vs. elderly recipients did not 
report higher rates of mortality, or vascular or biliary mor-
bidity [7, 19–23]. One of three available studies [20, 22, 
23] reported a higher incidence of neuropsychiatric com-
plications in the elderly group. The recent meta-analysis 
of Gomez Gavara did not find any difference in the risk of 
complications between young and elderly recipients [24]. 
It could be argued that the absence of the impact of age on 
early outcomes could result from a stringent selection of 
elderly recipients. Indeed, despite that the prevalence of 
cardiovascular comorbidities and diabetes increases with 
aging, not all studies reviewed in this work demonstrated 
significantly higher proportions of comorbidities in elderly 
recipients.

Long‑term outcomes after LT in elderly 
patients

Several scoring systems have been proposed for predicting 
long-term outcomes after LT. Most of the predictors are 
related to donor factors, intraoperative data, and parameters 
of the recipient. The age of the recipient had predictive value 
in several scores, such as the SOFT, the BAR score, and the 
donor to recipient model [25–27].

Similarly, data from American and European regis-
tries have shown lower post-transplant overall survival of 
older patients [5, 28]. The actuarial survival at 5 years was 
55% for UNOS patients older than 70 years vs. 73% for 
younger recipients. In Europe, 5-year survival rates were 
66% for recipients over 60 years vs. 73% for recipients aged 
46–60 years old. The natural lower life expectancy can 
explain the association between advancing age and increased 
mortality among old patients. In fact, the differences in life 
expectancy between younger and older age groups can be 
accounted for as in cancer research [29]. This approach 
may also be considered in the field of transplantation. Some 
investigators have pointed out that analysis based on crude 
survival is not valid and that we should think in terms of 
survival benefit from transplantation instead of post-LT sur-
vival. This suggests that a specific statistical model should 
be used [30]. Rather than a Cox model, which gives the 
hazard ratio of death according to age, eventually adjusted 
to confounding factors, a transplant-related survival benefit 
should be used, as it can be defined. Consequently, Su et al. 
found that advanced age among UNOS transplanted patients 
had no impact on the transplant-related survival benefit for 
equivalent MELD scores or among patients with vs. those 
without HCC [11]. This finding was explained by the fact 
that although post-LT survival was lower in older patients, 
the risk of death or exclusion from a waitlist, because of 
deterioration of general status, was higher. They concluded 
that patient age alone should not be used to disqualify a 

potential candidate for LT and that the current aging of 
recipients does not impair the survival benefit obtained by 
transplantation. Based on this discussion, age may be con-
sidered a variable in a potential future score, perhaps as a 
continuous variable, as suggested by Garcia et al. [31].

Selection of elderly candidates for LT

As reported previously, LT in elderly patients is feasible and 
does not seem to be associated with higher surgical risk. 
Moreover, transplant survival benefit remains similar to that 
of younger patients. Based on this evidence, the European 
Association for the Study of the Liver decided that age is 
not a limitation when considering LT for an elderly patient 
[32]. Similarly, the American Association for the Study 
of the Liver 2013 recommends considering physiologic 
rather than chronological age when evaluating a patient for 
LT [33]. However, both emphasized the need to screen for 
comorbidities.

• Comorbidities and cancer screening
  Good cardiac function is required to cope with the 

hemodynamical stress related to LT itself and other 
potential events such as hemorrhage and reperfusion 
syndrome. However, cirrhotic patients often suffer so-
called cirrhotic cardiomyopathy, combining systolic and 
diastolic dysfunction, and electrophysiological abnor-
malities [34]. This pre-existing cardiomyopathy can be 
worsened by coronary arterial disease (CAD), the preva-
lence of which increases with aging. It is estimated that 
27% of patients over 50 years old with liver disease have 
moderate to severe coronaropathy [35]. A case—control 
study did not find an increased prevalence of CAD in 
patients with cirrhosis. Traditional cardiovascular risk 
factors remain relevant and should guide preoperative 
evaluation [36]. Specific modalities of cardiac assess-
ment are not well codified, but there is a consensus to 
evaluate a candidate for LT by electrocardiogram and 
transthoracic echocardiography [32]. Patients with risk 
factors should have a cardiopulmonary exercise test done 
to diagnose asymptomatic CAD. This test also measures 
aerobic capacity, which is predictive of post-LT out-
comes [37]. Although initial studies have reported that 
CAD carries high-risk post-transplant morbidity and 
mortality [38, 39], a recent multicentric study found a 
similar post-LT survival for patients with obstructive 
CAD and patients without obstructive CAD, provided 
they received adequate treatment prior to transplant. Spe-
cifically, age > 55 years with CAD was not found to be 
associated with higher mortality [40].

  Screening for asymptomatic malignancies is man-
datory before enrolling a patient. For patients older 
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than 50 years, colonoscopy is recommended to detect 
colorectal cancer. In patients considered at risk, CT 
colonography can be an alternative. For patients with 
alcoholism or smokers, workup should rule out neo-
plasia arising from the lung, ear–nose–throat region, 
bladder, and esophagus. Chest CT scan, consultation 
with an ENT specialist and a stomatologist, and upper 
GI endoscopy (ideally during the same session with 
colonoscopy) are also useful. Dedicated consultation 
with a gynecologist and a dermatologist is also recom-
mended [32].

• Nutritional status
  Nutritional status is a key factor to ensuring success 

after LT in all patients, irrespective of age. According to 
one study, recipients with a BMI < 18.5 kg/m2 had the 
worst outcomes [41]. Since advanced age is a risk factor 
for malnutrition, physicians should pay attention to the 
nutritional status of older recipients. This evaluation is 
complex because the usual measures of assessing nutri-
tional status are of little value in the setting of end-stage 
liver disease. The best surrogate marker seems to be sar-
copenia, quickly evaluated by measuring the thickness 
of the psoas muscle on CT scan. Sarcopenia was demon-
strated to be a strong predictor of post-LT mortality [13]. 
The 3-year survival rates ranged from 26 to 77% for the 
lowest to the highest quartiles of the psoas area, respec-
tively. If poor nutritional status is a certain risk factor for 
early mortality, correcting malnutrition remains, in prac-
tice, an elusive goal for patients in poor general health 
[42]. No clear strategy to treat malnutrition in patients 
with cirrhosis has been established. Some groups have 
proposed placing an enteral feeding tube before LT in 
severely malnourished patients and a feeding jejunos-
tomy during LT [43, 44].

• Frailty index
  Frailty is a condition which embodies weakness, 

muscle wasting, exhaustion, slow walking, and limited 
activity. Its prevalence is high in older adults. The pres-
ence of three or more of the above criteria defines frailty, 
according to Fried [45]. The 6-min walk distance test 
was used initially to assess the relevance of frailty in LT 
candidates. Commonly used in patients with cardiac or 
pulmonary disease, this simple test was an efficient pre-
dictor of mortality after adjusting to confounding factors 
[46]. Frailty was observed in 43% of patients with end-
stage liver disease and was also associated with a higher 
risk of depression [47]. Lai et al. tested the concept of 
frailty in candidates awaiting LT and found that the risk 
of mortality or delisting increased by 45% per each point 
increase of the frailty index [48]. The negative impact of 
frailty on waiting list mortality has also been confirmed, 
but this effect remains unmodified by age [49]. Simi-
lar findings in patients ≥ 65 years were reported using 

a different method for assessing frailty, a short physical 
performance battery [50].

  In elderly patients, candidacy for LT should be evalu-
ated in light of sarcopenia, frailty, and cardiopulmonary 
reserves, which can be assessed easily by these methods. 
Combining this information is necessary to recognize 
which older patients are poor candidates for LT and 
which older patients are good candidates despite their 
age. These points also emphasize the need for a geriatric 
evaluation when older patients are referred for LT.

• Severity of liver disease and age

Should we take the severity of the liver disease itself into 
consideration when considering elderly transplant patients? 
As early as 2001, Levy et al. reported poor survival after 
LT in older patients at high risk, namely those hospitalized 
in an intensive care unit at the time of transplant or with 
high serum bilirubin levels [51]. Since 2002, the MELD 
score has become a worldwide predictor of mortality for 
patients waiting for a LT. Interestingly, the lower MELD 
scores of older recipients in most of the studies published 
during the MELD era [6, 8, 11, 52, 53] suggest that LT 
was reserved for older candidates with less severe disease 
and that a form of unconscious or conscious selection was 
applied. Despite this selection, some studies have reported 
poor results after transplanting elderly patients with high 
MELD scores [20, 48]. Similarly, a large analysis of trans-
planted patients 60 years old or older from the UNOS regis-
try during 1994–2005 found that mechanical ventilation and 
creatinine were among the other independent predictors of 
post-transplant survival [12].

Age and graft allocation systems

Considering LT in the elderly also raises questions about the 
graft allocation system. An optimal allocation system aims 
to maximize "utility" while respecting "equity or justice" 
and avoiding "futility." To address the issue of utility, most 
of the allocation rules rely on the "sickest first" principle. In 
a geographic area of severe graft shortage, this approach, 
mainly based on the MELD score, is considered the most 
reasonable [54]. Some adjustments are made using waiting 
time or prioritization so that patients needing LT, but with a 
low MELD score (cholangitis, cancer, metabolic disorder), 
have an equal chance for a transplant. However, MELD-
based allocation systems carry the risk of futile LT if there 
is no definite limit in the severity of the patient’s condi-
tion beyond which post-LT mortality is too high to justify 
LT. Countries with high donation rates have not chosen this 
approach. This more favorable situation allows centers to 
choose the optimal recipient for a given graft to maximize 
good long-term results.
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Deciding on the most appropriate kind of graft for an 
elderly patient is important. According to a recent study, 
models with highest performance in predicting graft survival 
are those that are dominated by donor factors, suggesting 
that it is mainly donor-related factors that affect long-term 
graft survival. In contrast, short-term outcomes are best 
predicted by models dominated by recipient-related factors 
[55]. Given that old grafts are associated with lower long-
term survival in many scoring systems [25, 26, 56, 57], but 
with little impact on short-term outcomes, an old graft for 
older recipients with shorter life expectancy could be an 
acceptable strategy. If the allocation rule is based only on 
age matching, this could lead to inequities in the chance 
of receiving an organ. Since there are more elderly donors 
than young donors, young recipients would have to wait 
much longer than older recipients [58]. Cucchetti et al. pro-
posed an “age mapping” approach, working in two steps: 
first, every patient has an equal chance to obtain a graft, 
but the best livers (basically, the youngest grafts) should 
be given to patients with the longest life expectancy. They 
also demonstrated that giving a graft from an old donor to a 
young recipient is more detrimental than giving it to an old 
recipient [59].

An argument against the “older to older” approach is that 
recipient age + donor age > 120 was found to be the strongest 
independent predictor of poor survival in the UNOS reg-
istry [12]. This would mean that a recipient over 65 years 
would be given a graft from a donor younger than 55 years, 
which is impossible in countries with severe organ short-
age. Given the other factors contributing to post-LT survival 
in this study, it seems that “older to older” is feasible pro-
vided that the recipient does not suffer from additional organ 
failure and is "fit" for transplant after meticulous workup. 
A new allocation system was implemented in the United 
Kingdom in 2018, in which the guiding principles rely upon 
the transplant benefit score (TBS) and proportional offering 
by waiting time [60]. The TBS is defined as the difference 
between the patient’s expected utility from the transplant 
and their need. These two numbers are calculated by 27 vari-
ables, including the ages of the recipient and donor. This 
illustrates again that the prognostic value of the recipient’s 
age itself should be analyzed while considering numerous 
other parameters.

Conclusion

The age of LT recipients is increasing with the world’s 
aging adult population. Thus, the indications for LT in the 
elderly are becoming a frequent focus of discussion. There 
is growing consensus that LT in the elderly is feasible and 
has acceptable short- and long-term results, comparable 
to those of younger adults, and offering similar transplant 

benefit. However, there is no consensus regarding the opti-
mal patient selection process in this population and the cost-
effectiveness of transplanting older patients as opposed to 
younger patients has not been addressed. Moreover, quality 
of life, one of the secondary goals of transplantation, has 
not been sufficiently studied in older recipients [61]. The 
place of retransplantation in elderly patients also remains 
unclear. The emotional toll of decisions about whether or not 
to transplant a given patient as well as the emotional factors 
affecting these decisions is rarely mentioned in the literature. 
Previous reviews have pointed out that studies available on 
this topic are retrospective and make it difficult to draw firm 
conclusions [24, 62]. Critical factors of successful LT in the 
elderly have been identified and assessment tools are avail-
able. However, the indication for LT in the elderly patient is 
a complex decision, for which a multidisciplinary approach 
is a prerequisite.

Compliance with ethical standards 

Conflict of interest We declare no conflicts of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Starzl TE, Brettschneider L, Groth CG. Liver transplantation. Bull 
Soc Int Chir. 1967;26:474–88.

 2. Shaw BW. Transplantation in the elderly patient. Surg Clin North 
Am. 1994;74:389–400.

 3. Tajiri K, Shimizu Y. Liver physiology and liver diseases in the 
elderly. World J Gastroenterol. 2013;19:8459–67.

 4. Stieber AC, Gordon RD, Todo S, Tzakis AG, Fung JJ, Casavilla 
A, et al. Liver transplantation in patients over sixty years of age. 
Transplantation. 1991;51:271–3.

 5. Schwartz JJ, Pappas L, Thiesset HF, Vargas G, Sorensen JB, 
Kim RD, et al. Liver transplantation in septuagenarians receiv-
ing model for end-stage liver disease exception points for hepa-
tocellular carcinoma: The national experience. Liver Transpl. 
2012;18:423–33.

 6. Lipshutz G, Hiatt JR. Ghobrial, outcome of liver transplanta-
tion in septuagenarians a single-center experience. Arch Surg. 
2007;142:10.

 7. Aduen JF, Sujay B, Dickson RC, Heckman MG, Hewitt WR, Sta-
pelfeldt WH, et al. Outcomes after liver transplant in patients aged 

http://creativecommons.org/licenses/by/4.0/


538 Surgery Today (2020) 50:533–539

1 3

70 years or older compared with those younger than 60 years. 
Mayo Clin Proc. 2009;84:973–8.

 8. Wilson GC, Quillin RC, Wima K, Sutton JM, Hoehn RS, Hanse-
man DJ, et  al. Is liver transplantation safe and effective in 
elderly (≥70 years) recipients? A case-controlled analysis. HPB. 
2014;16:1088–94.

 9. Taner CB, Ung RL, Rosser BG, Aranda-Michel J. Age is not a 
contraindication for orthotopic liver transplantation: a single insti-
tution experience with recipients older than 75 years. Hepatol Int. 
2012;6:403–7.

 10. Kwon JH, Yoon YI, Song GW, Kim KH, Moon DB, Jung DH, 
et al. Living donor liver transplantation for patients older than 
age 70 years: a single-center experience. Am J Transplant. 
2017;17:2890–900.

 11. Su F, Yu L, Berry K, Liou IW, Landis CS, Rayhill SC, et al. Aging 
of liver transplant registrants and recipients: trends and impact on 
waitlist outcomes, post-transplantation outcomes, and transplant-
related survival benefit. Gastroenterology. 2016;150(441–453):e6.

 12. Aloia TA, Knight R, Gaber AO, Ghobrial RM, Goss JA. Analysis 
of liver transplant outcomes for United Network for Organ Sharing 
recipients 60 years old or older identifies multiple model for end-
stage liver disease-independent prognostic factors. Liver Transpl. 
2010;16:950–9.

 13. Englesbe MJ, Patel SP, He K, Lynch RJ, Schaubel DE, Harbaugh 
C, et al. Sarcopenia and mortality after liver transplantation. J Am 
Coll Surg. 2010;211:271–8.

 14. Saab S. MELD score predicts 1-year patient survival post-ortho-
topic liver transplantation. Liver Transpl. 2003;9:473–6.

 15. Artru F, Louvet A, Ruiz I, Levesque E, Labreuche J, Ursic-Bedoya 
J, et al. Liver transplantation in the most severely ill cirrhotic 
patients: a multicenter study in acute-on-chronic liver failure 
grade 3. J Hepatol. 2017;67:708–15.

 16. Agopian VG, Harlander-Locke MP, Markovic D, Dumronggit-
tigule W, Xia V, Kaldas FM, et al. Evaluation of early allograft 
function using the liver graft assessment following transplantation 
risk score model. JAMA Surg. 2018;153:436.

 17. Pareja E, Cortes M, Hervás D, Mir J, Valdivieso A, Castell JV, 
et al. A score model for the continuous grading of early allograft 
dysfunction severity: GRADING EARLY ALLOGRAFT DYS-
FUNCTION. Liver Transpl. 2015;21:38–46.

 18. Olthoff KM, Kulik L, Samstein B, Kaminski M, Abecassis M, 
Emond J, et al. Validation of a current definition of early allograft 
dysfunction in liver transplant recipients and analysis of risk fac-
tors. Liver Transpl. 2010;16:943–9.

 19. Abdelfattah MR, Elsiesy H. Reappraisal of upper age limit for 
adult living-donor liver transplantation using right lobe grafts: an 
outcome analysis. Eur J Gastroenterol Hepatol. 2015;27:593–9.

 20. Sharpton SR, Feng S, Hameed B, Yao F, Lai JC. Combined effects 
of recipient age and model for end-stage liver disease score on 
liver transplantation outcomes. Transplantation. 2014;98:557–62.

 21. Audet M, Piardi T, Panaro F, Cag M, Ghislotti E, Habibeh H, et al. 
Liver transplantation in recipients over 65 yr old: a single center 
experience. Clin Transplant. 2010;24:84–90.

 22. Montalti R, Rompianesi G, Di Benedetto F, Ballarin R, Gerring 
RC, Busani S, et al. Liver transplantation in patients aged 65 and 
over: a case-control study. Clin Transplant. 2010;24:E188–193.

 23. Bilbao I, Dopazo C, Lazaro JL, Castells L, Escartin A, Lopez I, 
et al. Our experience in liver transplantation in patients over 65 
yr of age. Clin Transplant. 2008;22:82–8.

 24. Gómez Gavara C, Esposito F, Gurusamy K, Salloum C, Lahat E, 
Feray C, et al. Liver transplantation in elderly patients: a system-
atic review and first meta-analysis. HPB. 2019;21:14–25.

 25. Rana A, Hardy MA, Halazun KJ, Woodland DC, Ratner LE, Sam-
stein B, et al. Survival outcomes following liver transplantation 

(SOFT) score: a novel method to predict patient survival following 
liver transplantation. Am J Transplant. 2008;8:2537–46.

 26. Dutkowski P, Oberkofler CE, Slankamenac K, Puhan MA, 
Schadde E, Müllhaupt B, et al. Are there better guidelines for 
allocation in liver transplantation?: a novel score targeting justice 
and utility in the model for end-stage liver disease era. Ann Surg. 
2011;254:745–54.

 27. Blok JJ, Putter H, Rogiers X, van Hoek B, Samuel U, Ringers J, 
et al. Combined effect of donor and recipient risk on outcome after 
liver transplantation: research of the eurotransplant database: risk 
on outcome after LT. Liver Transpl. 2015;21:1486–93.

 28. Adam R, Karam V, Delvart V, O’Grady J, Mirza D, Klempnauer J, 
et al. Evolution of indications and results of liver transplantation 
in Europe. A report from the European Liver Transplant Registry 
(ELTR). J Hepatol. 2012;57:675–88.

 29. Brenner H, Hakulinen T. Age adjustment of cancer survival 
rates: methods, point estimates and standard errors. Br J Cancer. 
2005;93:372–5.

 30. Goldberg DS, Charlton M. Usefulness of liver transplantation in 
the elderly: the converging impact of risk and benefit. Gastroen-
terology. 2016;150:306–9.

 31. Garcia CE, Garcia RF, Mayer AD, Neuberger J. Liver trans-
plantation in patients over sixty years of age. Transplantation. 
2001;72:679–84.

 32. EASL Clinical Practice Guidelines. Liver transplantation. J Hepa-
tol. 2016;64:433–85.

 33. Martin P, DiMartini A, Feng S, Brown R, Fallon M. Evaluation 
for liver transplantation in adults: 2013 practice guideline by 
the American Association for the Study of Liver Diseases and 
the American Society of Transplantation. Hepatol Baltim Md. 
2014;59:1144–65.

 34. Møller S, Lee SS. Cirrhotic cardiomyopathy. J Hepatol. 
2018;69:958–60.

 35. Carey WD, Dumot JA, Pimentel RR, Barnes DS, Hobbs RE, 
Henderson JM, et al. The prevalence of coronary artery dis-
ease in liver transplant candidates over age 50. Transplantation. 
1995;59:859–64.

 36. An J, Shim JH, Kim S-O, Lee D, Kim KM, Lim Y-S, et al. Preva-
lence and prediction of coronary artery disease in patients with 
liver cirrhosis: a registry-based matched case-control study. Cir-
culation. 2014;130:1353–62.

 37. Bernal W, Martin-Mateos R, Lipcsey M, Tallis C, Woodsford 
K, Mcphail MJ, et al. Aerobic capacity during cardiopulmonary 
exercise testing and survival with and without liver transplantation 
for patients with chronic liver disease: aerobic capacity in chronic 
liver disease. Liver Transpl. 2014;20:54–62.

 38. Plotkin JS, Scott VL, Pinna A, Dobsch BP, De Wolf AM, Kang Y. 
Morbidity and mortality in patients with coronary artery disease 
undergoing orthotopic liver transplantation. Liver Transplant Surg 
Off Publ Am Assoc Study Liver Dis Int Liver Transplant Soc. 
1996;2:426–30.

 39. Yong CM, Sharma M, Ochoa V, Abnousi F, Roberts J, Bass NM, 
et al. Multivessel coronary artery disease predicts mortality, 
length of stay, and pressor requirements after liver transplanta-
tion. Liver Transpl. 2010;16:1242–8.

 40. Wray C, Scovotti JC, Tobis J, Niemann CU, Planinsic R, Walia A, 
et al. Liver transplantation outcome in patients with angiographi-
cally proven coronary artery disease: a multi-institutional study: 
post-LT survival after coronary angiography. Am J Transplant. 
2013;13:184–91.

 41. Dick AAS, Spitzer AL, Seifert CF, Deckert A, Carithers RL, 
Reyes JD, et al. Liver transplantation at the extremes of the body 
mass index. Liver Transpl. 2009;15:968–77.



539Surgery Today (2020) 50:533–539 

1 3

 42. Rendina M, Viggiani MT, Di Leo A, Barone M. Malnutrition, 
sarcopenia, and refractory ascites in end stage liver diseases: is 
there a way to climb back up? Dig Liver Dis. 2019;51:1513–4.

 43. Vidot H, Bowen DG, Carey S, McCaughan GW, Allman-Farinelli 
M, Shackel NA. Aggressive nutrition intervention reduces ascites 
and frequency of paracentesis in malnourished patients with cir-
rhosis and ascites: ascites and frequency of paracentesis. JGH 
Open. 2017;1:92–7.

 44. Chun JH, Ahn JY, Jung H-Y, Jung Park H, Kim GH, Lee JH, et al. 
Efficacy and complications of enteral feeding tube insertion after 
liver transplantation. Transplant Proc. 2015;47:451–6.

 45. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gott-
diener J, et al. Frailty in older adults: evidence for a phenotype. J 
Gerontol A Biol Sci Med Sci. 2001;56:M146–156.

 46. Carey EJ, Steidley DE, Aqel BA, Byrne TJ, Mekeel KL, Rakela 
J, et al. Six-minute walk distance predicts mortality in liver trans-
plant candidates. Liver Transpl. 2010;16:1373–8.

 47. Cron DC, Friedman JF, Winder GS, Thelen AE, Derck JE, Fak-
houry JW, et al. Depression and frailty in patients with end-stage 
liver disease referred for transplant evaluation. Am J Transplant. 
2016;16:1805–11.

 48. Lai JC, Feng S, Terrault NA, Lizaola B, Hayssen H, Covinsky 
K. Frailty predicts waitlist mortality in liver transplant candi-
dates: frailty in liver transplant candidates. Am J Transplant. 
2014;14:1870–9.

 49. Haugen CE, McAdams-DeMarco M, Holscher CM, Ying H, 
Gurakar AO, Garonzik-Wang J, et al. Multicenter study of age, 
frailty, and waitlist mortality among liver transplant candidates. 
Ann Surg. 2019. https ://doi.org/10.1097/SLA.00000 00000 00320 
7.

 50. Wang CW, Covinsky KE, Feng S, Hayssen H, Segev DL, Lai JC. 
Functional impairment in older liver transplantation candidates: 
from the functional assessment in liver transplantation study: 
functional impairment in older LT candidates. Liver Transpl. 
2015;21:1465–70.

 51. Levy MF, Somasundar PS, Jennings LW, Jung GJ, Molmenti EP, 
Fasola CG, et al. The elderly liver transplant recipient: a call for 
caution. Ann Surg. 2001;233:107–13.

 52. Herrero JI, Lucena JF, Quiroga J, Sangro B, Pardo F, Rotellar F, 
et al. Liver transplant recipients older than 60 years have lower 
survival and higher incidence of malignancy. Am J Transplant. 
2003;3:1407–12.

 53. Kim J, Ko ME, Nelson RA, Arrington A, Luu C, Falor AE, et al. 
Increasing age and survival after orthotopic liver transplanta-
tion for patients with hepatocellular cancer. J Am Coll Surg. 
2014;218:431–8.

 54. Tschuor C, Ferrarese A, Kuemmerli C, Dutkowski P, Burra P, 
Clavien P-A, et al. Allocation of liver grafts worldwide—Is there 
a best system? J Hepatol. 2019;71:707–18.

 55. de Boer JD, Putter H, Blok JJ, Alwayn IPJ, van Hoek B, Braat AE. 
Predictive capacity of risk models in liver transplantation. Transpl 
Direct. 2019;5:e457.

 56. Feng S, Goodrich NP, Bragg-Gresham JL, Dykstra DM, Punch 
JD, DebRoy MA, et al. Characteristics associated with liver graft 
failure: the concept of a donor risk index: characteristics associ-
ated with liver graft failure. Am J Transplant. 2006;6:783–90.

 57. Braat AE, Blok JJ, Putter H, Adam R, Burroughs AK, Rahmel 
AO, et al. The eurotransplant donor risk index in liver transplan-
tation: ET-DRI: donor risk factors in liver transplantation within 
eurotransplant. Am J Transpl. 2012;12:2789–96.

 58. Ross LF, Thistlethwaite JR. Age should not be considered 
in the allocation of deceased donor kidneys. Semin Dial. 
2012;25:675–81.

 59. Cucchetti A, Ross LF, Thistlethwaite JR, Vitale A, Ravaioli M, 
Cescon M, et al. Age and equity in liver transplantation: an organ 
allocation model: prudential lifespan account in LT. Liver Transpl. 
2015;21:1241–9.

 60. NHS Blood and transplant—Liver selection and allocation. https 
://www.odt.nhs.uk/trans plant ation /tools -polic ies-and-guida nce/
polic ies-and-guida nce/.

 61. Werkgartner G, Wagner D, Manhal S, Fahrleitner-Pammer 
A, Mischinger HJ, Wagner M, et al. Long-term quality of life 
of liver transplant recipients beyond 60 years of age. Age. 
2013;35:2485–92.

 62. Keswani RN, Ahmed A, Keeffe EB. Older age and liver transplan-
tation: a review. Liver Transpl. 2004;10:957–67.

 63. Rudich S, Busuttil R. Similar outcomes, morbidity, and mortality 
for orthotopic liver transplantation between the very elderly and 
the young. Transplantation. 1999;31:1–2.

 64. Safdar K, Neff GW, Montalbano M, Meyer D, O’Brien C, Yama-
shiki N, et al. Liver transplant for the septuagenarians: importance 
of patient selection. Transpl Proc. 2004;36:1445–8.

 65. Oezcelik A, Dayangac M, Guler N, Yaprak O, Erdogan Y, Aky-
ildiz M, et al. Living donor liver transplantation in patients 70 
years or older. Transplantation. 2015;99:1436–40.

 66. Sharma M, Ahmed A, Wong RJ. Significantly higher mortality 
following liver transplantation among patients aged 70 years and 
older. Prog Transpl. 2017;27:225–31.

 67. Gil E, Kim JM, Jeon K, Park H, Kang D, Cho J, et al. Recipient 
age and mortality after liver transplantation: a population-based 
cohort study. Transplantation. 2018;102:2025–32.

 68. Mousa OY, Nguyen JH, Ma Y, Rawal B, Musto KR, Dougherty 
MK, et al. Evolving role of liver transplantation in elderly recipi-
ents. Liver Transpl. 2019;25:1363–74.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1097/SLA.0000000000003207
https://doi.org/10.1097/SLA.0000000000003207
https://www.odt.nhs.uk/transplantation/tools-policies-and-guidance/policies-and-guidance/
https://www.odt.nhs.uk/transplantation/tools-policies-and-guidance/policies-and-guidance/
https://www.odt.nhs.uk/transplantation/tools-policies-and-guidance/policies-and-guidance/

	Liver transplantation in elderly patients: what do we know at the beginning of 2020?
	Abstract
	Introduction
	Feasibility of LT in the elderly patients
	Safety of LT in elderly patients
	Long-term outcomes after LT in elderly patients
	Selection of elderly candidates for LT
	Age and graft allocation systems
	Conclusion
	References




