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Outcomes After Liver Transplant in Patients Aged 70 Years or Older
Compared With Those Younger Than 60 Years

JAVIER F. ADUEN, MD; BANGARULINGAM SuJAY, MD; RoLLAND C. DicksoN, MD;
MicHAEL G. HECKMAN, MS; WINsTON R. HEwiTT, MD; WOLF H. STAPELFELDT, MD;
JEFFREY L. STEERS, MD; DENISE M. HARNOIS, DO; AND DAVID J. KRAMER, MD

OBJECTIVE: To compare mortality, graft loss, and postoperative
complications after liver transplant in older patients (=70 years)
with those in younger patients (<60 years).

PATIENTS AND METHODS: Outcomes for 42 patients aged 70 years
or older who underwent liver transplant were compared with those
of 42 matched controls younger than 60 years. All patients un-
derwent transplants between March 19, 1998, and May 7, 2004.
Information was collected on patient characteristics, comorbid
conditions, laboratory results, donor and operative variables,
medical and surgical complications, and mortality and graft loss.

RESULTS: Preoperative characteristics were similar across age
groups, except for creatinine (P=.01) and serum albumin (P=.03)
values, which were higher in older patients, and an earlier year of
transplant in younger patients (P<.001). Intraoperatively, older
patients required more erythrocyte transfusions (P=.04) and more
intraoperative fluids (P=.001) than did younger patients. Post-
operatively, bilirubin level (P=.007) and international normalized
ratios (P=.01) were lower in older patients, whereas albumin level
was higher (P<.001). The median follow-up was 5.1 years (range,
0.1-8.5 years). Compared with younger patients, older patients
were not at an increased risk of death (relative risk, 1.00; 95%
confidence interval, 0.43-2.31; P>.99) or graft loss (relative risk,
1.17; 95% confidence interval, 0.54-2.52; P=.70). The frequency of
other complications did not differ significantly between age groups,
although older patients had more cardiovascular complications.

CONCLUSION: Five-year mortality and graft loss in older recipients
were comparable with those in younger recipients, suggesting that
age alone should not exclude older patients from liver transplant.

Mayo Clin Proc. 2004;84(11):973-978

Cl = confidence interval; LT = liver transplant; MELD = model for end-
stage liver disease; RR = relative risk

mproved patient and allograft survival after liver trans-

plant (LT) reflects advances in surgical techniques, anes-
thesia, critical care, and infection control, as well as the de-
velopment of targeted, potent immunosuppressants.' This
success has expanded the pool of transplant recipients to
include persons previously considered ineligible because
of advanced age and comorbid conditions. In addition, the
relative percentage of people in older age groups is increas-
ing more rapidly than that of the other groups in the popu-
lation; by the year 2030, the percentage of the population
aged 75 years and older is estimated to increase from 6%
to 9% and will continue to increase to 12% by 2050. More
people will reach older age in better health than in previ-
ous generations.” Consequently, more elderly patients with

liver failure might be considered candidates for LT. These
developments will compound the relative shortage of do-
nated organs and raise concern about the benefits of LT for
older recipients. As decisions about organ allocation are
made, they should be informed by outcomes data after LT.

Outcomes of LT in elderly patients vary.*!> Most single-
center case series for LT in recipients older than 60 years
have reported overall success.*® Three centers reported no
difference in morbidity or mortality among LT recipients
older than 70 years.*'" However, some studies have identi-
fied prolonged hospital stays and increased mortality after
transplant in patients older than 60 years.'>'® One study that
showed no difference in short-term outcome found lower
5-year survival rates in patients older than 60 years."?

Thus, the debate about the proper use of organs for LT
based on age is ongoing.'®?> To address this issue in our
transplant center, we compared graft loss and mortality
after LT in patients aged 70 years or older with those in
patients younger than 60 years. We also compared other
postoperative complications, length of overall hospital
stay, length of intensive care unit stay, and readmissions in
these 2 groups of patients.

PATIENTS AND METHODS

In this matched-observational study, which was approved
by the Mayo Clinic Institutional Review Board, we retro-
spectively identified deceased donor LT recipients at our
academic medical center between February 1, 1998, and
May 31, 2004. Of 904 recipients identified, 42 underwent
a first transplant at age 70 years or older. These LT recipi-
ents were matched 1:1 with LT recipients younger than 60
years by the cause of their end-stage liver disease, their cal-
culated model for end-stage liver disease (MELD) score
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(0-10, 11-20, 21-30, >30), and their sex. For each recipient
aged 70 years or older, 1 recipient younger than 60 years
was randomly selected from the group of all recipients
younger than 60 years who satisfied the matching criteria
for the given recipient older than 70 years. The final sample
consists of 84 LT recipients who underwent transplant be-
tween March 19, 1998, and May 7, 2004. Older recipients
underwent transplants a median of 1.5 years later (range,
3.3 years before to 4.1 years later) than their corresponding
matched younger recipients; 24 (57%) of the matched pairs
underwent transplants within 2 years of each other, and 32
(76%) underwent transplants within 3 years of each other.
We excluded patients aged 60 to 69 years in an attempt to
ensure that we were comparing 2 groups of distinct ages
but that were similar otherwise. Preoperative and postop-
erative data on patients were abstracted from their medical
records for comparison.

Regardless of the age of patients, standard criteria are
maintained for all patients who undergo LT at our trans-
plant center. To become transplant candidates, patients
must have a diminished quality of life or a shortened life
expectancy due to life-threatening complications or chron-
ic, progressive liver disease for which no effective medi-
cal or surgical therapies are available other than LT. For
proper selection and therapy, all potential transplant can-
didates undergo detailed physical, laboratory, social, and
psychological evaluations. Tests are performed to confirm
the diagnosis of end-stage liver disease, to rule out other
potential treatment methods, to ensure adequate social
support mechanisms, and to assess the candidate’s ability
to tolerate surgery. In our transplant center, all transplant
candidates must meet the United Network for Organ Shar-
ing medical indication for transplant; they must have a
good social support system; they must have documented
abstinence from alcohol, chemically dependent drugs, and
tobacco; and they must have adequate financial resources,
health care insurance with immunosuppressant coverage,
or funds available to cover these expenses on an ongoing
basis. Contraindications to LT include uncontrolled infec-
tion; advanced heart and lung disease in patients who are
not candidates for multiorgan transplant; acquired immu-
nodeficiency syndrome; severe neurologic dysfunction not
correctable by LT; active alcohol and drug abuse; medical
comorbid conditions deemed clinically important enough
to diminish the likelihood of long-term posttransplant sur-
vival; and inability to comply with the complex medical
regimen needed for posttransplant care (including psychi-
atric disease).

Our methods for evaluating cardiovascular comorbid-
ity did not change during the study period. All transplant
candidates underwent standard cardiovascular evaluation,
including electrocardiograms and echocardiograms. Pa-

tients older than 50 years underwent stress testing with ei-
ther dobutamine stress echocardiography or an adenosine
study; these patients also underwent colonoscopy. Any pa-
tient who had a positive test result for ischemic heart dis-
ease or pulmonary hypertension or who had a history of
clinically important coronary artery disease underwent a
cardiology or pulmonary consultation or both, with consid-
eration for left or right heart catheterization or both.

Preoperative data were collected on the need for dialy-
sis, lactulose, and diuretics and on the presence of enceph-
alopathy, ascites, and other comorbid conditions such as
diabetes mellitus, coronary artery disease, cerebrovascular
accident, hyperlipidemia, and hypertension. Donor age and
patient laboratory values were recorded, including maxi-
mum international normalized ratio and creatinine, biliru-
bin, and minimum serum albumin levels.

Intraoperative data included donor characteristics, op-
erative time, warm ischemic time, cold ischemic time, and
fluid and blood product requirements.

Postoperative data were collected during follow-up of
patients through May 2008 or until death to evaluate the
following: (1) medical complications, (2) surgical com-
plications, (3) rejection, (4) laboratory values, (5) hospital
readmissions, (6) need for mechanical ventilation, and (7)
graft loss and patient survival. Medical complications in-
cluded neurologic complications (seizures, cerebrovascular
accident, and encephalopathy), cardiac complications (car-
diogenic shock, myocardial infarction, and arrhythmia re-
quiring treatment), infectious complications (deep wound,
catheter-related, peritonitis, cholangitis, and pneumonia),
endocrine complications (diabetes mellitus and hyperlipi-
demia), renal failure, and cancer. Surgical complications
included the need for immediate repeated surgery (bleed-
ing and primary graft failure), bile leak or bile stricture,
and vascular complications. Rejection was determined by
biopsy. Laboratory values included maximum internation-
al normalized ratio, and levels of creatinine, bilirubin, and
minimum serum albumin. Other complications included
the number of hospital readmissions, the need for mechani-
cal ventilation, graft loss, and patient survival.

STATISTICAL ANALYSES

Preoperative baseline patient characteristics, intraop-
erative measures, and postoperative measures were com-
pared between older patients (270 years) and younger pa-
tients (<60 years) with the McNemar test or the Wilcoxon
signed rank test. The Kaplan-Meier method was used to
estimate the cumulative rates of mortality and graft loss
after transplant. Associations of mortality and graft loss
with patient age by group were investigated using single-
variable Cox proportional hazards models stratified by
matched pair. Although a rigorous multivariate analysis
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TABLE 1. Characteristics of 84 Liver Transplant Recipients?
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TABLE 2. Comorbid Conditions in 84 Liver Transplant Recipients?®

Age group Age group
Variable 270y (n=42) <60y (n=42) P value? Comorbid condition >70y (n=42) <60y (n=42) P value®
Age (y) 71 (70-79) 51 (28-59) NA Coronary artery disease 4 (10) 2(5) .68
Male 34 (81) 34 (81) NA Hypertension 13 (31) 7(17) 17
Calculated MELD score 15 (6-38) 16 (6-35) NA Cerebrovascular accident 1(2) 0(0) >.99
MELD score 22 (7-38) 17 (6-35) 21 Diabetes mellitus 12 (29) 9(21) .61
Ascites 21 (50) 27 (64) 21 y -
Diuretics 31 (74) 28 (67) 58 bValues are number (percentage) of patients.
Lactulose 16 (38) 13 31) 61 McNemar test.
Encephalopathy 20 (48) 16 (38) 48
Diagnosis NA .. .. .
PBC. PSC, ATH 4(10) 4(10) tfstfcal significance was determmed.at the 5% level. Sta—
Viral hepatitis 11 (26) 11 (26) tistical analyses were performed using S-PLUS (version
Cryptogenic, NASH, 8.0.1; Insightful Corp, Seattle, WA).
alcoholism, cirrhosis,
and others 16 (38) 16 (38)
HCC with or without
cirrhosis 11(26) 11 (26) RESULTS
Type of HCC (N=11) .37
With cirthosis 4(36) 19 PREOPERATIVE BA.SEL!NE CHAR{\CTERISTICS o
Without cirrhosis 7 (64) 10 (91) The demographic information and characteristics of pa-
BMI 27 (17-35) 27 (17-52) 28 tients by age group are summarized in Table 1. Charac-
Race .. . . . ..
White 39 93) 32.(76) teristics of patients did no.t differ mgt}lﬁcantly betwe.:en
Black 0 (0) 2(5) 10 groups except for the maximum creatinine level, which
Hispanic 3(7) 707) was higher in older patients (P=.01), minimum serum al-
Asian 0(0) 1(2) . . . . _
Maxi o bumin level, which was lower in younger patients (P=.03),
aximum creatinine . . .
(mg/dL) 1.1(0.6-33)  0.9(0.5-3.4) 01 and year of transplant, which was earlier in younger pa-
Hemodialysis 205 3D >.99 tients (P<.001).
Maximum bilirubin Baseline comorbid conditions were similar between
(mg/dL) 2.2(0.6-23.8)  3.1(0.4-34.8) 22 .
Maximum INR 1.5 (1.1-3.3) 1.5 (1.0-4.2) 41 the 2 groups (Table 2). The rate of hypertension was
Minimum albumin (g/dL) 3.1 (2.0-4.1) 2.7 (1.7-4.2) 03 slightly higher in older patients but was not statistically
Pretransplant care .37 ionifi
location significant.
Home 34 (81) 36 (86)
ICU 1 égl ‘21(;?) INTRAOPERATIVE VARIABLES
Hospital ) ( . . .
Year of transplant <001 Iptraoperagve data are summarized in Ta}ble 3. Older pa-
1998-2001 11 (26) 25 (60) tients required more erythrocyte transfusions (P=.04) and
2002-2004 31(74) 17 (40) more intraoperative fluids (P=.001) than did younger pa-

4 Values are median (range) or number (percentage) of patients. AIH =
autoimmune hepatitis; BMI = body mass index; HCC = hepatocellular
carcinoma; ICU = intensive care unit; INR = international normalized
ratio; MELD = model for end-stage liver disease; NA = not applicable;

TABLE 3. Intraoperative and Hospitalization Data for
84 Liver Transplant Recipients?

NASH = ‘nonalcoholic.steatohepat?t.is; PBC = primary biliary cirrhosis; Age group
PSC = primary sclerosing cholangitis.
b Wilcoxon signed rank test or the McNemar test. Race and pretransplant Variable 270y (n=42) <60y (n=42) P value”
care location were dichotomized to allow for the McNemar test. Statis-
tical tests were not performed for sex, MELD, and diagnosis because % onor .agi (y)‘ i 47 (8-81) 53 (4-85) 23
these variables were matched in younger and older patients. The diag- arm 1schemic time
nosis category of “HCC with or without cirrhosis” was used to match (mlp) hemic ti 32 (19-62) 35(19-97) 39
patients regardless of the presence of cirrhosis. C(E:I(lii:)c emic time 6563117  66(2.1-127) 49
Operative time (h) 4.4 (3.1-7.5) 5.2 (3.2-11.0) 17
L . . . Eryth (¢ it 8 (1-119 6 (0-26 .04
?ld]ustlr'lg simultaneously for multiple possible confo.und— Fizshr?r?;:s ](JT;;E; ( ) (0-26)
ing variables was not performed because of the relatively (units) 10 (0-119) 8 (0-30) 58
small number of patients who died or had graft loss, in Platelets (units) 3(0-8) 2(0-11) 10
. . . Fluids required (mL) 4900 3700 .001
an exploratory analysis we adjusted the Cox proportional (2500-19500)  (2000-7500)
hazards models individually for patients’ baseline char- Cryoprecipitate (units) 0 (0-6) 0(0-3) .61
acteristics and comor@d conditions. Relatlve. risks (RRs) “Values are median (range).
and 95% confidence intervals (CIs) were estimated. Sta- ® Wilcoxon signed rank test.
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TABLE 4. Immediate Postoperative Medical Complications in
and Laboratory Values for 84 Liver Transplant Recipients?

TABLE 5. Postoperative Complications in and Outcomes
for 84 Liver Transplant Recipients?

Age group Age group
Variable” 270y (n=42) <60y (n=42) P value® Variable >70y (n=42) <60y (n=42) P value®
Medical complication Bile leak 9(22) 4 (10) 27

Arrhythmia 8(19) 3(7) 18 Biliary stricture 5(12) 10 (24) .39
Myocardial 3(7) 0(0) 25 Vascular complications 5(12) 6 (14) >.99

infarction Rejection 12 (29) 21 (50) 12
Cardiogenic shock 2(5) 2(5) >.99 Repeated surgery 8 (20) 11 (26) .63
Any cardiac 8 (19) 4 (10) .29 Pneumonia 4(10) 3(7) >.99

complication Peritonitis 5(12) 6 (14) >.99
Seizures 0(0) 0(0) NA¢ Deep wound infections 717) 3(7) .29
Cerebrovascular 0(0) 0(0) NA¢ Catheter-related infections 3(7) 3(7) >.99

accident Cancer 6 (14) 2(5) .29
Encephalopathy (>2) 6 (14) 5(12) >.99 Length of hospital stay (d) 8 (1-105) 7 (0-34) .39
Dialysis 7(17) 5(12) .68 Length of ICU stay (d) 3 (0-105)° 2(0-29)¢ .36

Laboratory value Readmissions 1(0-9) 1(0-35) .26

Maximum 1.3 (0.6-3.8) 1.1 (0.5-7.6) .30 0-1 23 (55) 25 (60)

creatinine (mg/dL) 2-4 16 (38) 16 (38)
Maximum bilirubin 4.5 (1.0-17.5) 8.0 (1.9-39.6) .007 5-9 3(7) 1(2)

(mg/dL) Mechanical ventilation (h) 11 (0-720) 16 (0-744) 13
Maximum INR 1.8 (1.4-3.6) 2.2 (1.3-5.0) .01 - - -
Minimum albumin 2.8 (2.2-3.6) 2.6 (1.8-2.8) <.001 .Values are numb.er (percentage) of patients or median (range). ICU =

(¢/dL) intensive care unit.

# Values are number (percentage) of patients or median (range). INR =
international normalized ratio; NA = not applicable.

® During first 7 d after transplant.

¢ Wilcoxon signed rank test or McNemar test.

4 P values for the McNemar test are undefined when the characteristic is
not present in either group.

tients. Additionally, older patients had a shorter operative
time and younger donor age, although these variables were
not significantly different than those of younger patients.

PosToPERATIVE VARIABLES AND OUTCOME

In the immediate postoperative period (ie, the first 7 days),
cardiac arrhythmia and myocardial infarction occurred
more frequently in older patients, but these differences
were not statistically significant (Table 4). No statistically
significant differences between younger and older patients
were observed for other immediate medical complications.
The maximum bilirubin level (P=.007) and the maximum
international normalized ratio (P=.01) were lower in older
patients, whereas the minimum albumin level was higher in
these patients (P<.001) (Table 4).

Postoperative complications that occurred more than 7
days after transplant are listed in Table 5. Although the dif-
ferences were not statistically significant, older patients ex-
perienced less rejection and more frequent bile leaks, deep
wound infections, and cancer. The occurrence of other
complications was similar between groups. The length of
hospital stay, length of intensive care unit stay, and number
of readmissions were not significantly different between
younger and older patients. After surgery, a total of 41 (18
[44%] older patients and 23 [S6%] younger patients) did
not require a stay in the intensive care unit and were instead

® Wilcoxon signed rank test or McNemar test.
“n=24.
dn=19.

transferred from the postanesthesia care area to the liver
transplant ward.

MoRTALITY AND GRAFT Loss

The median duration of follow-up for transplant recipients
was 5.1 years (range, 0.1-8.5 years). Patients were fol-
lowed up for at least 4 years. Of all 84 patients, 26 (31%)
died (12 older patients and 14 younger patients). A total
of 30 patients (36%) experienced graft loss (14 older pa-
tients and 16 younger patients). The estimated cumulative
rates of death and graft loss at 1, 2, 3, 4, and 5 years af-
ter transplant according to patient age group are listed in
Table 6. These rates were similar for older and younger
patients. Single-variable Cox proportional hazards analysis
showed that the estimated risks of death (RR, 1.00; 95%

TABLE 6. Estimated Cumulative Rates of Mortality and
Graft Loss in 84 Liver Transplant Recipients?

Estimated cumulative rate of

. . Mortality® Graft loss”
Time since

liver transplant  Age, 270y  Age,<60y Age, 270y Age, <60y
(y) (n=42) (n=42) (n=42) (n=42)
1 10 (0-18) 12 (2-21) 17 (5-27) 12 (2-21)
2 12 (2-21) 21 (8-33) 19 (6-30) 26 (12-38)
3 14 (3-24) 21 (8-33) 21 (8-33) 29 (14-41)
4 24 (10-36) 24 (10-36) 31 (16-44) 33 (17-46)
5 27 (12-39) 24 (10-36) 34 (18-47) 33 (17-46)

4 Values are percentage (95% confidence interval).
b Kaplan-Meier method was used to estimate the cumulative rate of mor-
tality and the cumulative rate of graft loss.
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FIGURE 1. Estimated cumulative rate of mortality after liver trans-
plant, by patient age at time of transplant.

CI, 0.43-2.31; P>.99) and graft loss (RR, 1.17; 95% CI,
0.54-2.52; P=.70) were not significantly increased in older
patients compared with those in younger patients. These
findings were relatively consistent when adjusting Cox
models individually for patient characteristics and comor-
bid conditions in an exploratory analysis, with estimated
RRs ranging from 0.84 to 1.32 for death and from 0.88 to
1.46 for graft loss. The estimated cumulative mortality and
graft loss within 5 years of liver transplant by age group are
shown in Figures 1 and 2.

DISCUSSION

The demand for liver transplant among elderly patients with
liver disease is increasing. Data on comorbid conditions
and clinical outcomes are essential to the development of
good organ allocation policies. Two major concerns emerge
with this group of patients: (1) whether they can undergo
successful transplant without serious complications due to
age and comorbid conditions and (2) whether they have
survival rates equivalent to those of younger recipients.
The main finding of the current single-center study of
LT recipients with a median follow-up of 5.1 years was that
the risk of death or graft loss in patients aged 70 years or
older was not noticeably increased compared with that in
patients younger than 60 years, which suggests that older
age (270 years) does not preclude LT. A potential concern
in the elderly population is the risk of posttransplant car-
diovascular complications, which were observed in 19% of
our transplant recipients aged 70 years or older compared
with 10% in those younger than 60 years. Although this
difference was not statistically significant, it does suggest

LIVERTRANSPLANT IN OLDER PATIENTS

that studies with more patients and longer follow-up are
needed to better define this risk.

The careful selection of LT candidates is a likely ex-
planation for the good outcomes in elderly recipients re-
ported herein and by others.*® However, younger patients
were matched to older patients by calculated MELD score
and cause of disease so that they would have similar risk
profiles.”> The categories for which calculated MELD
scores were matched (0-10, 11-20, 21-30, >30) may appear
to be broad. However, although unplanned, this matching
was actually consistent with +3 matching for 29 (69%) of
the matched pairs and consistent with +5 matching for 36
(86%). In general, the median calculated MELD score was
low for the entire group, with a value of 16. This was par-
tially explained (data not shown) because there were 22
patients with hepatocellular carcinoma who had a median
calculated MELD score of 12 (range, 6-24), although the
median calculated MELD score for the remaining 62 pa-
tients was still a relatively low 16 (range, 7-38).

Older patients had slightly higher preoperative albumin
levels, which might indicate better nutritional status. Dif-
ferences in donor-specific factors were not considered in
this analysis.

Our data showed that older patients required more fluids
intraoperatively, possibly because of decreased vascular
tone and pronounced autonomic insufficiency to anesthetic
agents. Nevertheless, this difference did not translate into
increased morbidity or increased need for prolonged me-
chanical ventilation.

Older patients also had a lower incidence of rejection
and a higher incidence of infection and cancer, which sug-
gests a weaker immune system with advancing age. Simi-
lar findings have been reported in other studies.**!° For

407 — >70y
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Time since transplant, y

No. at risk
Age =70 42 35 34 33 29 14
Age <60 42 37 31 30 28 23

FIGURE 2. Estimated cumulative rate of graft loss after liver trans-
plant, by patient age at time of transplant.
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example, Cross et al® found that malignancy was the most
frequent cause of death in patients older than 65 years. We
suspect that the use of less intensive immunosuppression in
older patients might result in fewer complications without
compromising graft survival.

Older recipients have undergone more transplants in
recent years than younger recipients, which raises the
question of whether the observed acceptable outcomes of
older recipients are the result of improved care over time.
Specifically, 74% of older recipients underwent transplant
after 2001 compared with 40% of younger recipients.
However, despite this observed difference, in 33 (79%) of
the 42 matched pairs the date of the transplant for older
recipients was no more than 3 years after that for younger
recipients and it was earlier in older recipients in 11 pairs
(26%). Thus, although we acknowledge that younger re-
cipients have an earlier date of transplant, we do not think
that this difference between matched pairs is strong enough
to translate into substantially improved care of older recipi-
ents, and it has little impact on the validity of our results.

The current study is limited by its retrospective nature,
its focus on a single transplant center’s experience, and the
small number of older patients enrolled. Although we ob-
served no noticeable increase in the risk of graft loss or
death in these 42 older recipients, as evidenced by estimated
RRs close to a value of 1, the comparatively small sample
size resulted in a lack of precision in these estimates. Thus,
on the basis of the upper boundaries of the 95% CIs for the
RRs presented earlier, we cannot completely exclude the
possibility of increased risk of graft loss or death in older
recipients.

CONCLUSION

With a median follow-up of 5.1 years, mortality and graft
loss in transplant recipients aged 70 years or older were sim-
ilar to those in recipients younger than 60 years. No postop-
erative complications occurred significantly more often in
older patients. These data favor the position that well-select-
ed patients older than 70 years should not be excluded from
consideration for LT on the basis of age alone.

This article is dedicated to the memory of Carmen Barrero de
Mattos.
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