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Abstract Surgery involving elderly patients is becoming
increasingly common due to the rapid aging of societies all
over the world. The objective of this study was to elucidate
the prognostic differences between elderly and young
patients who undergo liver resection. A systematic review
based on the PRISMA flow diagram was conducted. Ovid
Medline and PubMed were used to search for relevant
literature published between January 2000 and March
2013, and the modified MINORS score was used to assess
the methodological quality. In cases of hepatocellular
carcinoma and miscellaneous liver tumors, the morbidity
and mortality rate did not differ significantly between the
elderly and young patients. For patients with colorectal
metastatic liver cancer, the mortality of the young patients
was 2.7 times lower than that of elderly patients. Our
review of high-quality retrospective studies was able to
elucidate the clinical risks of age on the outcomes after
liver surgery in specific patient populations.

Keywords Aged patients - Elderly patients - Liver
resection - Morbidity - Mortality
Introduction

During the last half century, life expectancy has been rising
all over the world, which has resulted in increases in the
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frequency of surgery involving elderly patients [I, 2].
However, aging causes various physiological alterations,
such as tissue fragility, metabolic dysfunction and deteri-
oration of the immune response [3]. Although surgical
outcomes have also improved during the last half century
[4-6], the risks associated with surgery in elderly patients
have not been fully elucidated.

Liver resection is often used to treat malignant tumors
such as hepatocellular carcinoma, cholangiocellular carci-
noma and metastatic liver cancer (e.g., from colorectal
cancer) [7, 8]. The mortality rate of liver resection was
reported to be less than a few percent in recent reports [9—
12], although the morbidity rate was reported to range from
20 to 30 % [13-16]. The surgical outcomes of liver
resection are largely dependent on the complexity of the
procedure and the host liver function [8, 17]. Hepatocel-
lular carcinoma usually develops in damaged livers, such
as those of chronic hepatitis and liver cirrhosis patients,
whose liver function has already deteriorated [17]. The
histological background of the liver and liver function
might also differ between young and old patients, which
could affect the surgical outcomes. In addition, although
metastatic liver tumors can develop in normal liver tissue,
elderly patients often possess physiological defects that
might make them more susceptible to adverse outcomes.

In this systematic review and meta-analysis, we sear-
ched the literature published from January 2000 to March
2013 to minimize the historical bias. Although a selection
bias is inevitable during the selection of elderly patients,
we considered that performing a cumulative meta-analysis
might be the only strategy that would provide clear data on
the outcomes of liver resection that would allow us to
assess the effects of aging on such outcomes. Furthermore,
as we considered that it was unlikely that there would be
many randomized controlled trials (RCT) comparing the
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outcomes of liver resection in young and old patients, we
selected the studies using the Methodological Index for
Non-Randomized Studies (MINORS) scoring system [18].
The aim of this study was to examine the effects of aging
on the outcome of liver resection by reviewing relevant
papers published since 2000.

Patients and methods
Study selection (Fig. 1)

The methodology used for this study adhered to the
guidelines outlined in the Preferred Reporting Items for
Systematic reviews and Meta-analysis (PRISMA) state-
ment (Fig. 1); [19, 20]. A search of all the published
comparative studies, including evidence-based medicine
reviews, examining the outcomes of young and old patients
who underwent liver resection for malignant tumors was
carried out using the PubMed and Ovid Medline databases.
Studies that were published from January 2000 to March
2013 were reviewed, and the following “MeSH” search
terms were used: “liver resection” and “hepatectomy.” In
addition, the following text filters were applied: “elderly”,
“aged” and “young”. Duplicate and non-English or non-
human studies were excluded.

As a result, 24 full papers were extracted and had their
eligibility assessed. All of the studies were non-randomized
studies, and therefore, were evaluated using the modified
MINORS scoring system [18]. Of the 24 papers, 16 met our

Fig. 1 A flow chart showing
how we conducted the literature
search and the quality appraisal
prior to the meta-analysis. A
total of 16 studies were

Ovid Medline

Hepatectomy:

Liver resection: N = 7007

selection criteria, and were included in the final analysis.
Among these 16 studies, five examined patients with
hepatocellular carcinoma (HCC) (Table 1); [9-12, 21], six
investigated patients with colorectal metastatic (CRM)
cancer (Table 2) [13-16, 22, 23] and five focused on
patients with miscellaneous tumors (Table 3); [24-28].

Data extraction

Two reviewers (T.M. and M.K.) independently extracted the
following parameters from each study: first author, year of
publication, study population characteristics, study design,
inclusion and exclusion criteria and matching criteria. There
was 100 % agreement between the two reviewers.

Inclusion criteria

To be included in the analysis, each study had to have: (1)
compared the outcomes of young and old patients who
underwent liver resection for malignant tumors, (2)
involved human subjects, (3) reported morbidity and
mortality data, (4) been written in English and (5) been
published in 2000 or later.

Exclusion criteria

Studies were excluded from the analysis if: (1) the out-
comes of interest were not clearly reported, (2) it was
impossible to extract or calculate the appropriate data from
the published results, (3) they displayed considerable

PubMed
Liver resection: N = 2615
N =2338  Hepatectomy: N =38243

extracted based on our inclusion
and exclusion criteria from
among 24 full-text studies that
met our Methodological Index v
for Non-Randomized Studies
(MINORS) score criterion

CLITS

Filtering with “elderly”, “aged”, and “young”
Duplicates were removed

Initial search and abstract evaluation: N = 372

Excluded

v

Did not meet criteria: N = 348

Full-text assessed for eligibility and data extracted: N = 24

(HCC studies: N =7; CRM studies: N = 6; Miscellaneous
studies: N=11)

» Excluded

v

Less than 15 MINORS points: 7
No mortality or morbidity data: 1

Retrospective studies: 11 «== HCC studies:

Prospective studies:
Case control studies: 1
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Table 1 Characteristics and quality assessment scores of studies comparing young and old patients who underwent liver resection for

hepatocellular carcinoma

No. First Year Number Mean or Age Morbidity Mortality Single tumor Major MINORS
author median age criterion (%) (%) (%) resection (%) score
(years)
Young OIld Young Old Young Old Young Old Young OIld Young OId
#1  Hanazaki 2000 283 103 59.6 73.1 =70 233 282 99 146 51.2 45.6 16.3 155 16
#2  Ferrero 2005 177 64 60.9 744 =71 424 234 9.6 3.1 768 81.3 20.9 313 15
#3  Huang 2009 268 67 48.1 723 =70 4.5 89 1.1 1.5 70.1 77.6 20.5 164 15
#4  Potolani 2011 276 175 60.8 752 =70 44.6 509 43 34 757 72.0 21.7 17.1 15
#5  Lee 2012 90 61 35.1 72.6 =70 144 279 - - 76.7 852 41.1 574 15

MINORS Modified methodological index of non-randomized studies, HCC hepatocellular carcinoma, NA not applicable, — not described

Table 2 Characteristics and quality assessment scores of studies comparing young and old patients who underwent liver resection for colorectal

metastatic liver cancer

No. First Year Number Mean or Age Morbidity Mortality Single tumor Major MINORS
author median age criterion (%) (%) (%) resection (%) score
(years)
Young Old Young Old Young Old Young Old Young OIld Young Old
#6  Nagano 2005 150 62 583 742 =71 233 194 0.7 0 62.0 54.8 373 323 16
#7  Mazzoni 2007 144 53 578 73.9 =70 333 20.8 2.1 57 451 547 174 20.8 16
#8  Adam 2010 6140 1624 - - >70 28.7 323 1.6 3.8 64.0 752 42.6 37.6 19
#9  Benedetto 2011 32 32 594 73.6 >70 34.4 28.1 0 31 594 59.4 625 594 15
#10 Kulik 2011 719 190 - - >70 139 116 1.3 05 51.0 55.8 484 432 17
#11 Cook 2012 1292 151 62 77 =75 21.2 325 13 73 392 457 60.8 543 20

MINORS Modified methodological index of non-randomized studies

overlap with another study with regard to the authors,
centers or patient cohorts evaluated.

Outcomes of interest and definitions

The following outcomes were compared between the
young and old patients: the type of liver tumor, morbidity,
mortality and the frequencies of single tumors and major
resections.

Statistical analysis

A meta-analysis was carried out using the MedCalc soft-
ware package (Ver 8.0.1.0, Mariakerke, Belgium) and a
comprehensive meta-analysis software package (Biostat,
Englewood, NJ). Statistical analyses of dichotomous vari-
ables were carried out using odds ratios (OR) as a summary
statistic, and the data were reported together with 95 %
confidence intervals (CI). The odds ratios reported in this
paper represent the odds of an adverse event occurring in
the old group compared with the young group. The Man-
tel-Haenszel method was used to combine the OR for the

outcomes of interest using the “random effect” meta-ana-
Iytical technique. Heterogeneity was assessed by graphic
exploration, with funnel plots used to evaluate the publi-
cation bias.

Results

We reviewed comparative studies published since 2000
involving young and old patients who underwent liver
resection, as described in the Methods section (Fig. 1).
All studies that achieved less than 15 MINORS points
were excluded; hence, a total of 16 studies were ana-
lyzed in this study [29-36]. The target tumors in each
study were HCC in five studies (Table 1), CRM in six
studies (Table 2) and miscellaneous tumors in five
studies (Table 3).

Meta-analysis of the HCC studies

Although none of the five HCC studies were RCT [9-12,
21], one of the excluded studies included a propensity score
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Table 3 Characteristics and quality assessment scores of studies comparing young and old patients who underwent liver resection for
miscellaneous mixed liver tumors, including primary liver cancer and secondary liver cancer

No. First author Year Number Mean or median age (years) Age criterion Morbidity (%) Mortality (%) Major resection (%)
Young OId Young Old Young OIld Young OIld Young Old

#12  Cescon 2003 99 23 57 73 >70 323 39.1 2.0 0 100 100
#13 Menon 2006 390 127 57 73 >70 32.8 307 54 7.9 100 100
#14  Shirabe 2009 307 43 - 82 >80 21.8 256 0.7 0 19.2 16.3
#15 Reddy 2011 749 107 - - >75 46.5 514 59 84 100 100
#16 Melloul 2012 64 23 57 75 >70 37.5 522 3.1 8.7 100 100
MINORS Modified methodological index of non-randomized studies

a

Study Old  Young Odds  95%CI  Z-value P-value RR and 95% CI

Hanazaki 29/103 66/283 1.288 0.774to 2.146  0.974 0.330

Ferrero 15/64 75/177 0416 0.217 t0 0.798  -2.640 0.008 -l-

Huang 6/67 12/268  2.098 0.757 to 5.813 1.426 0.154

Potolani 89/175  123/276  1.287 0.881 to 1.882 1.304 0.192

Lee 17/61 13/90 2.288 1.016 to 5.152 1.999 0.046

Total (fixed effects) 156/470 289/1094 1.153 0.899 to 1.479 1.302 0.193

Total (random effects) 156/470 289/1094 1.210 0.720 to 2.033  0.722 0.471

0.01 0.1 1 10 100

Favors old  Favors young

b Funnel plot of standard error according to the Log odds ratio
.0
E 0.1 Test for heterogeneity
R
- 02 ° Q: 13.988
S 03 R
T 04 . DF: 4
]
% 05 ° Significance level: P = 0.007
0.6

20 -15 -1.0 -05 0.0 05 1.0 1.5 20
Log odds ratio

Fig. 2 An annotated forest plot obtained via a meta-analysis of the
morbidity in old vs. young hepatocellular carcinoma (HCC) patients
(a). A Mantel-Haenszel fixed-effects model and random-effects
model were used for the meta-analysis. The odds ratios (Odds) are
shown together with 95 % confidence intervals (CI). An annotated

matching-based analysis, which did not detect any differ-
ences in the clinical outcomes between the young and old
patients [30]. The morbidity in the five included studies did
not differ significantly between the old and young patients
(Fig. 2a, P = 0.471), although heterogeneity was detected
among the studies (Fig. 2b, P = 0.007). No differences in
the mortality rates were detected between the groups
(Fig. 3, P = 0.888), and the test for heterogeneity was
negative (Fig. 3b, P = 0.219). The frequencies of single
tumors (Fig. 4a, P = 0.774) and major hepatectomy
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funnel plot of the SE according to the log odds ratio for the meta-
analysis of young vs. old HCC patients (b). Open circles show the
original data, and the diamond below the figure indicates the overall
mean, as well as the 95 % CI, of the standardized mean difference.
The P values are for the heterogeneity test

(Fig. 5a, P = 0.630) did not differ significantly among the
groups, and no heterogeneity was detected among the
studies (Figs. 4b, P = 0.251; 5b, P = 0.079).

Meta-analysis of the colorectal metastatic liver cancer
(CRM) studies

A total of six studies of CRM were eligible for the final
meta-analysis (Table 2); [13-16, 22, 23]. The morbidity
rate of the CRM patients did not differ significantly among
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a
Study Old Young  Odds 95% CI1 Z-value  P-value RR and 95% CI
Hanazaki 15/103  28/283  1.552  0.793 to 3.041 1.282 0.200
Ferrero 2/64 17/177  0.304 0.0681 to 1.353  -1.564 0.118 _
Huang 1/67 3/268 1.338  0.137 to 13.075  0.251 0.802 L
Potolani 6/175 12/276  0.781  0.288 to 2.121 -0.485 0.628
Total (fixed effects) 24/409  60/1004 0981  0.597 to 1.610 0.247 0.805
Total (random effects)  24/409  60/1004  0.947  0.472 to 1.902 -0.141 0.888
0.01 0.1 1 10 100
Favorsold Favors young

b Funnel plot of standard error according to the Log odds ratio

. 0.0
e 5 Test for heterogeneity
5 0.5 °
3 o Q: 4.429
10
< ° DF: 3
£
s 15
7 Significance level: P = 0.219

2.0

20 -15 -10 -05 00 05 1.0 15 20
Log odds ratio

Fig. 3 An annotated forest plot obtained via a meta-analysis of
mortality in old vs. young hepatocellular carcinoma (HCC) patients
(a). A Mantel-Haenszel fixed-effects model and random-effects
model were used for the meta-analysis. The odds ratios (Odds) are
shown together with the 95 % confidence intervals (CI). An annotated

funnel plot of the SE according to the log odds ratio for the meta-
analysis of young vs. old HCC patients (b). The open circles are the
original data, and the diamond below the figure indicates the overall
mean, as well as the 95 % CI, of the standardized mean difference.
The P values are for the heterogeneity test

a

Study old Young Odds 95% CI Z-value  P-value RR and 95% CI
Hanazaki 47/103  145/283  0.799 0.508 to 1.256  -0.973 0.330

Ferrero 52/64 136/177 1.306 0.637 to 2.679  0.729 0.466

Huang 52/67 188/268 1.475 0.785 to 2.773 1.207 0.227

Potolani 126/175  209/276  0.824 0.536 to 1.267  -0.881 0.378

Lee 52/61 69/90 1.758 0.744 to 4.155 1.287 0.198

Total (fixed effects) 329/470 747/1094 1.015 0.794 to 1.299 0.055 0.956

Total (random effects) 329/470 747/1094 1.045 0.775to 1.409  0.287 0.774

Funnel plot of standard error according to the Log odds ratio

001 0.1 1 10 100
Favors old Favors young

0.0
sé 01 Test for heterogeneity
E 0.2 - Q:5.369
503 - DF: 4
< -
£ 04 con .p=
S ° Significance level: P = 0.251
9 05 —_—
20 -15 -1.0 -05 00 05 1.0 1.5 2.0
Log odds ratio

Fig. 4 An annotated forest plot obtained via a meta-analysis of the
frequency of single tumors in old vs. young hepatocellular carcinoma
(HCC) patients (a). A Mantel-Haenszel fixed-effects model and
random-effects model were used for the meta-analysis. The odds
ratios (Odds) are shown together with the 95 % confidence intervals

(CI). An annotated funnel plot of the SE according to the log odds
ratio for the meta-analysis of young vs. old HCC patients (b). The
open circles are the original data, and the diamond below the figure
indicates the overall mean, as well as the 95 % CI, of the standardized
mean difference. The P values are for the heterogeneity test
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a

Study Old Young Odds 95% CI Z-value  P-value RR and 95% CI
Hanazaki 16/103 46/283 0.948 0.510to 1.761  -0.170 0.865

Ferrero 20/64 37177 1.720  0.906 to 3.264 1.659 0.097

Huang 11/67 55/268 0.761 0.374to 1.549  -0.754 0.451

Potolani 30/175 60/276 0.745 0.458to1.211  -1.188 0.235

Lee 35/61 37/90 1.928  0.998 to 3.726 1.954 0.051

Total (fixed effects) 112/470  235/1094 1.060  0.811 to 1.384 0.483 0.629

Total (random effects) 112/470  235/1094 1.103  0.741 to 1.642 0.482 0.630

0.01 0.1 1 10 100
Favors old Favors young

b Funnel plot of standard error according to the Log odds ratio

0.0
§ Test for heterogeneity
g O Q: 8.349
T 02 o
< ° DF: 4
503 - .
7 ° °© Significance level: P = 0.079

0.4 —_—

20 -1.5 -1.0 -05 0.0 0.5 1.0 1.5 2.0
Log odds ratio

Fig. 5 An annotated forest plot obtained via a meta-analysis of the
frequency of major hepatectomy in old vs. young hepatocellular
carcinoma (HCC) patients (a). A Mantel-Haenszel fixed-effects model
and random-effects model were used for the meta-analysis. The odds
ratios (Odds) are shown together with the 95 % confidence intervals

(CI). An annotated funnel plot of the SE according to the log odds ratio
for the meta-analysis of young vs. old HCC patients (b). The open
circles are the original data, and the diamond below the figure
indicates the overall mean, as well as the 95 % CI, of the standardized
mean difference. The P values are for the heterogeneity test

a
Study Old Young  Odds 95% CI Z-value P-value RR and 95% CI
Nagano 12/62 35/150 0.789 0.378 to 1.644  -0.633  0.526
Mazzoni 11/53 48/144 0.524 0.248t0 1.108 -1.692  0.091
Adam 524/1624 1762/6140 1.184 1.052t01.332  2.804 0.005
Benedetto 9/32 11/32 0.747 0.259t02.159 -0.539  0.590
Kulik 22/190 100/719  0.811 0.496to01.326 -0.836  0.403
Cook 49/151 274/1292 1.785 1.238t02.573  3.103 0.002 B
Total (fixed effects) 175/2112  652/8477 1.169 1.051t0 1.300  2.871 0.004 .
Total (random effects) 175/2112  652/8477 1.024 0.751t0 1.396  0.150 0.881
001 0.1 1 10 100
Favors old Favors young

b Funnel plot of standard error according to the Log odds ratio

0.0
E 0.1 Test for heterogeneity
502
- o Q: 13.525
= 03
S 04 o ° DF: 5
5
7 0.5 o Significance level: P = 0.019

0.6 =

20 -1.5 -1.0 -05 0.0 0.5 1.0 1.5 2.0
Log odds ratio

Fig. 6 An annotated forest plot obtained via a meta-analysis of the
morbidity in old vs. young colorectal metastatic liver cancer (CRM)
patients (a). A Mantel-Haenszel fixed-effects model and random-
effects model were used for the meta-analysis. The odds ratios (Odds)
are shown together with the 95 % confidence intervals (CI). An
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annotated funnel plot of the SE according to log odds ratio for the
meta-analysis of young vs. old CRM patients (b). The open circles are
the original data, and the diamond below the figure indicates the
overall mean, as well as the 95 % CI, of the standardized mean
difference. The P values are for the heterogeneity test
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a

Study old Young Odds 95% CI Z-value P-value RR and 95% CI
Nagano 0/62 1/150 0.797  0.032 to 19.841 -0.138 0.890 .
Mazzoni 3/53 3/144 2.820  0.551 to 14.429 1.245 0.213 ——.——
Adam 62/1624 101/6140 2.373  1.722 to 3.272 5.276 0.000 .
Benedetto 1/32 0/32 3.095  0.121 to 78.872 0.684 0.494 .
Kulik 1/190 9/719 0.417  0.0526 to 3.315 -0.826 0.409 .

Cook 11/151  17/1292 5.893  2.706 to 12.833 4.467 0.000 _."
Total (fixed effects) 78/2112 131/8477 2451 1.845 to 3.257 6.513 0.000 ‘
Total (random effects) 78/2112 131/8477 2.662  1.419 to 4.996 3.102 0.002 ‘

0.01 0.1 1 10 100

Favors old Favors young

Funnel plot of standard error according to the Log odds ratio

0.0

§ °© Test for heterogeneity
0.5

5 R Q: 8.240

T 10 s .

3 . DF: 5

% ' ° e Significance level: P = 0.143

2.0 —_—

20 -1.5 -1.0 -05 00 05 1.0 15 20
Log odds ratio

Fig. 7 An annotated forest plot obtained via a meta-analysis of
mortality in old vs. young colorectal metastatic liver cancer (CRM)
patients (a). A Mantel-Haenszel fixed-effects model and random-
effects model were used for the meta-analysis. The odds ratios (Odds)
are shown together with the 95 % confidence intervals (CI). An

the groups (Fig. 6a, P = 0.881), although heterogeneity
was detected among the studies (Fig. 6b, P = 0.019).
However, the mortality rate of the old patients was sig-
nificantly higher than that of the young patients (Fig. 7a,
OR: 2.662, P = 0.002), and the test for heterogeneity was
negative (Fig. 7b, P = 0.143). Single tumors were signif-
icantly more common among the old patients than the
young patients (Fig. 8a, OR: 1.310, P = 0.049), but het-
erogeneity was detected among the studies (Fig. 8b,
P = 0.033). Conversely, the old patients underwent major
hepatectomy significantly less frequently than did the
young patients (Fig. 9a, OR: 0.812, P = 0.000), and no
heterogeneity was detected among the studies (Fig. 9b,
P = 0.938).

Meta-analysis of miscellaneous mixed tumors,
including primary liver cancer and secondary liver
cancer

A total of five studies of miscellaneous mixed tumors were
eligible for the final meta-analysis (Table 3); [24-28]. In
this group, all but one of the studies compared the clinical

annotated funnel plot of the SE according to the log odds ratio for the
meta-analysis of young vs. old CRM patients (b). The open circles are
the original data, and the diamond below the figure indicates the
overall mean, as well as the 95 % CI, of the standardized mean
difference. The P values are for the heterogeneity test

outcomes between old and young patients following major
hepatectomy. The morbidity (Fig. 10a, P = 0.307) and
mortality (Fig. 11a, P = 0.103) rates did not differ sig-
nificantly among the old and young patients, and the test
for heterogeneity was negative (Figs. 10b: P = 0.691 and
11b: P = 0.965, respectively).

Discussion

We reviewed comparative studies published since 2000
involving old and young patients who underwent hepa-
tectomy for various tumors and evaluated their findings in a
meta-analysis. In addition, we also conducted the funnel
plot analyses to determine the degree of heterogeneity
among the studies analyzed. Although neither the mor-
bidity nor mortality rate of the HCC patients and miscel-
laneous mixed tumor patients differed significantly among
the old and young patients, those of the CRM patients
differed among the age groups. This meta-analysis suggests
that older age is associated with increased risks after liver
resection in patients with CRM.
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a
Study ol Young  Odds 95% CI  Z-value P-value RR and 95% CI
Nagano 34/62 93/150 0744 0.409to 1.355 -0.966  0.334

Mazzoni 29/53 65/144 1469 0.780t02.765 1191  0.234

Adam 1222/1624 3931/6140 1.708 1.509t01.934 8452  0.000 B
Benedetto 19/32 19/32  1.000 0.369t02.712  0.000  1.000

Kulik 106/190  367/719 1210 0.878t0 1.669 1.164  0.245

Cook 69/151  506/1292 1.307 0.931t01.835 1.548  0.122

Total (fixed effects) 14792112 4981/8477 1.554 1.399t01.726 8.088  0.000 \

Total (random effects)  1479/2112 4981/8477 1.310 1.026to 1.674  2.165  0.049 ¢

b Funnel plot of standard error according to the Log odds ratio

0.0
0.1
0.2
0.3 o
0.4
0.5 °

o

Standard error

001 0.1 1 10 100

Favors old  Favors young

Test for heterogeneity

Q:12.134
DF: 5
Significance level: P = 0.033

0.6 —

20 -1.5 -1.0 -05 0.0 0.5 1.0 1.5 2.0
Log odds ratio

Fig. 8 An annotated forest plot obtained via a meta-analysis of the
frequency of single tumors in old vs. young colorectal metastatic liver
cancer (CRM) patients (a). A Mantel-Haenszel fixed-effects model
and random-effects model were used for the meta-analysis. The odds
ratios (Odds) are shown together with the 95 % confidence intervals

Definition of elderly patients

The definition of old patients varied among the reports.
However, the cut-off age used in all of the HCC studies
[9-12, 21], five of the six CRM studies [13-15, 22, 23]
and three of the five miscellaneous tumor studies was
70 years old [24, 25, 28]. Although Melloul et al. [28]
also found that there was no clear cut-off age for defining
old patients, most studies published after 2000 defined old
patients as those aged 70 years and over. The effect of
aging on liver function is largely unknown, but the size of
the liver and hepatic blood flow were previously to have
negative correlations with age [13, 37, 38]. Although
aging has inevitable physiological effects, a cut-off age of
70 might not be old enough to detect marked clinical
effects of aging. The ideal cut-off age for examining the
effect of aging might be >75 [16], but studies that use
such cut-off values might have insufficient statistical
power to detect clinical effects due to the limited numbers
of patients that can be recruited, which likely explains
why a cut-off age of 70 has been used in many studies of
liver resection. If we could recruit a sufficient number of
patients aged >75 years as elderly patients, we might
obtain different results and see more marked effects of
aging on the surgical outcomes.
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(CI). An annotated funnel plot of the SE according to the log odds
ratio for the meta-analysis of young vs. old CRM patients (b). The
open circles are the original data, and the diamond below the figure
indicates the overall mean, as well as the 95 % CI, of the standardized
mean difference. The P values are for the heterogeneity test

Differences in the morbidity and mortality rates based
on the tumor type

One of the interesting findings of this study was the dif-
ferences among the various types of tumors. Although the
morbidity and mortality rates of HCC and the miscella-
neous tumors did not differ significantly between the young
and old patients, those of CRM did. In the CRM analysis, it
was found that the old patients exhibited a higher number
of tumors, but underwent major hepatectomy less often
than did the young patients. Therefore, in the cases of
CRM, the higher mortality rate of the old patients might be
related to tumor progression, rather than the extent of
hepatectomy. On the other hand, in the cases of HCC,
neither the number of tumors nor the percentage of patients
selected for major hepatectomy differed between the
groups. Therefore, the similarities in the oncological
characteristics and surgical approaches of these cases
might have resulted in the similar clinical outcomes seen in
the two age groups. Another possible reason is that the
mortality rate varies among the different types of tumors.
The mean mortality rate of HCC was around 5-10 %,
whereas that of CRM was only a few percent for the young
patients and around 5 % for the old patients. The higher
mortality rate of HCC might be associated with damage to
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a
Study Old Young  Odds 95% CI Z-value P-value RR and 95% CI
Nagano 20/62 56/150  0.799 0.427 to 1.496  -0.700 0.484
Mazzoni 11/53 25/144  1.247 0.565t02.751  0.546 0.585
Adam 610/1624 2617/6140 0.810 0.724 to 0.906  -3.676 0.000
Benedetto 19/32 20/32 0.877 0.321t02.396 -0.256 0.798
Kulik 82/190 348/719  0.809 0.586to 1.117  -1.286 0.198
Cook 82/151  786/1292 0.765 0.545t0 1.074  -1.548 0.122
Total (fixed effects) 824/2112 3852/8477 0.812 0.735t00.896 -4.141 0.000 ‘
Total (random effects) 824/2112 3852/8477 0.812 0.735t0 0.896 -4.141 0.000 ‘
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Fig. 9 An annotated forest plot obtained via a meta-analysis of the
frequency of major hepatectomy in old vs. young colorectal
metastatic liver cancer (CRM) patients (a). A Mantel-Haenszel
fixed-effects model and random-effects model were used for the
meta-analysis. Odds ratios (Odds) are shown together with the 95 %
confidence intervals (CI). An annotated funnel plot of the SE

the liver itself, e.g., due to chronic hepatitis or liver
cirrhosis [5]. Although minor resections were preferred
for HCC management, the risks associated with poor
liver function might outweigh the age-related risk fac-
tors. Our meta-analysis clearly demonstrated that the
clinical outcomes differed among the examined tumor
types; however, the reason for these differences remains
unclear.

Indications for hepatectomy in elderly patients

Age itself has never been considered a valid reason to
change the basic surgical indications for any tumor [16,
22], although the mortality and morbidity rates of old
patients might be higher than those of young patients. The
evaluation and management of co-existing co-morbidities,
which tend to become more common with age, plays a
major role in achieving positive clinical outcomes [22].
Even in 75-year-old patients, survival for 2 years would be
unlikely without surgical resection. Therefore, the surgical
indications for old patients largely depend on their sys-
temic physiological condition. The eligibility of elderly
patients for liver resection should therefore be clarified in a

according to the log odds ratio for the meta-analysis of young vs. old
CRM patients (b). The open circles are the original data, and the
diamond below the figure indicates the overall mean, as well as the
95 % CI, of the standardized mean difference. The P values are for
the heterogeneity test

future study by evaluating the effects of co-existing co-
morbidities.

Besides the physiological condition, the psychological
condition should be considered in the elderly patients. The
risk factors for delirium have been reported to include an
older age, poor liver function and advanced cancer stage
[39]. Providing that an old patient is eligible for liver
resection in terms of their physiological and psychological
findings, a reasonable clinical outcome can be expected.

Implications for elderly patients who undergo
hepatectomy

When interpreting the results of this meta-analysis, it is
important to pay attention to the clinical profiles of each
type of tumor. In HCC, the mean age of the old patients
ranged from 72 to 75 years, whereas that of the young
patients ranged from 35 to 60. In addition, the frequency of
single tumors was 75 %, and that of major resection was
about 20 %. On the other hand, in cases with CRM, the
mean age of the old patients was between 73 and 77,
whereas that of the young patients ranged from 57 to 62.
The frequencies of single tumors and major hepatectomy
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a
Study Old Young Odds 95% CI1 Z-value P-value RR and 95% CI

Cescon 9/23 32/99 1.346  0.527 to 3.437 0.621 0.534

Menon 39/127 128/390  0.907  0.589 to 1.398 4.544 0.000

Shirabe 11/43 67/307 1.231  0.589 to 2.572 0.554 0.580

Reddy 55/107  348/749 1.219 0.813to 1.828 0.957 0.339

Melloul 12/23 24/64 1.818  0.695 to 4.758 1.218 0.223

Total (fixed effects) 126/323  599/1609 1.139  0.885 to 1.467 1.021 0.307

Total (random effects) 126/323 599/1609 1.141 0.885 to 1.471 1.021 0.307
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Fig. 10 An annotated forest plot obtained via a meta-analysis of the
morbidity in old vs. young miscellaneous tumor patients (a).
A Mantel-Haenszel fixed-effects model and random-effects model
were used for the meta-analysis. Odds ratios (Odds) are shown
together with the 95 % confidence intervals (CI). An annotated funnel

plot of the SE according to the log odds ratio for the meta-analysis of
young vs. old miscellaneous cancer patients (b). The open circles are
the original data, and the diamond below the figure indicates the
overall mean, as well as the 95 % CI, of the standardized mean
difference. The P values are for the heterogeneity test

a

Study Old Young  Odds 95% CI Z-value P-value RR and 95% CI
Cescon 0/23 2/99 0.830 0.0385t0 17.869  -0.119 0.905

Menon 10/127 21/390  1.502  0.688 to 3.280 1.020 0.308

Shirabe 0/43 2/307 1.405 0.0663 to 29.747 0.218 0.827

Reddy 9/107 44/749 1471 0.697 to 3.107 1.013 0.311

Melloul 2/23 2/64 2952  0.391 to 22.290 1.050 0.294 IR
Total (fixed effects) 21/323 71/1609  1.520 0.918 to 2.517 1.630 0.103

Total (random effects) 21/323 71/1609  1.525 0.918 to 2.532 1.630 0.103
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Fig. 11 An annotated forest plot obtained via a meta-analysis of the
mortality in old vs. young miscellaneous tumor patients (a).
A Mantel-Haenszel fixed-effects model and random-effects model
were used for the meta-analysis. The odds ratios (Odds) are shown
together with 95 % confidence intervals (CI). An annotated funnel
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plot of the SE according to the log odds ratio for the meta-analysis of
young vs. old miscellaneous cancer patients (b). The open circles are
original data, and the diamond below the figure indicates the overall
mean, as well as the 95 % CI, of the standardized mean difference.
The P values are for the heterogeneity test
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were both 50 %. Therefore, HCC patients who are
aged <75 years are more likely to have single tumors, and
are eligible for minor resection that can provide similar
clinical outcomes after hepatectomy to those obtained in
younger patients. On the other hand, the older CRM
patients, who were around 75 years old, are at a 2.7fold
higher risk of mortality than patients aged around 60 years
old, regardless of the number of tumors and the type of
liver resection.

In conclusion, we reviewed studies published since 2000
that compared the outcomes of young and old patients who
underwent hepatectomy. The rapid growth of the aged
population requires clinicians to examine the surgical risk
profiles of old patients. The most important finding of our
study is that the morbidity and mortality rates after hepa-
tectomy differ according to tumor type. Therefore, the
indications for hepatectomy for old patients should be
based on the type of tumor. Future studies should focus on
elucidating the effects of aging on the patients’ systemic
physiological profiles and the associations between these
profiles and the oncological characteristics.
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