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Summary
Background The aim of this study was to evaluate the
short- and long-term results and risk factors of liver
surgery in patients over the age of 70 following liver
resection for colorectal liver metastases.
Methods A total of 650 patients with an average age of
63.8± 9.3 years were evaluated. We compared groups
of patients younger and older than 70 years of age.
Time of hospitalisation, 30-day postoperative morbid-
ity and mortality, overall and recurrence-free survival,
the number and largest diameter of metastases, small
and large liver resections, and the interval between
primary colorectal and liver surgery were evaluated
according to the results of liver resections.
Results Length of hospitalisation, 30-day postoper-
ative morbidity and mortality, and long-term results
did not differ between groups of patients. Pulmonary
embolism and confusion had a higher incidence in
patients ≥70 years old (p<0.02 and 0.05, respectively).
Diameter of the largestmetastasis ≥50mmwas a nega-
tive prognostic factor for long-term results in patients
≥70 years old (p<0.04, HR 1.7, 95% CI 1.0–2.9 and
p< 0.03, HR 1.5, 95% CI 1.0–2.3, respectively). Large
liver resections had worse long-term results in pa-
tients ≥70 years old (p<0.01, HR 2.1, 95% CI 1.2–3.8
and p< 0.05, HR 1.5, 95% CI 0.9–2.3, respectively).
Conclusion Our results confirm the safety of liver re-
sections for colorectal liver metastases in elderly pa-
tients. Parenchymal sparing surgery should be the
method of choice. Very early and intensive postop-
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erative mobilisation and respiratory and mental reha-
bilitation is essential.
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Main novel aspects

� The original article focuses on the short- and long-
term results of liver resections for colorectal liver
metastases in elderly patients.

� It evaluates the risk factors and long-term results of
liver surgery, with the aim of further optimising the
surgical treatment of livermetastases in patients over
the age of 70.

Introduction

The increase in the elderly population has been re-
markable in recent years. The average age is increas-
ing significantly in industrialised countries. Life ex-
pectancy at birth in the European Union (EU) was
estimated to be 80.9 in 2017, reaching 83.5 for women
and 78.3 for men. Between 2002 and 2017, life ex-
pectancy in the EU increased by 3.2 years, from 77.7 to
80.9 years (2.6 years for women and 3.8 years for men)
[1]. The population is ageing all over the world, and
the number of individuals over the age of 70 is ex-
pected to reach almost one quarter of the population
in developed countries by 2025 [2].

Malignancies are generally diseases of the elderly
due to a combination of the accumulation of lifestyle
risk factors and long-term exposure to carcinogens.
It is estimated that approximately 58% of all cancers
and 69% of cancer deaths in the EU occur in peo-
ple over the age of 70; in fact, the incidence of can-
cer is more than 11-times higher in people over 70.
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Table 1 Patient characteristics (N= 650)
≥70 years <70 years

N (%) 177 (27.2) 473 (72.8)

Male 102 267

Female 75 206

Age (years) 74.3± 3.6 58.4± 8.2

CLM number 2.2± 1.6 2.6± 2.1

CLM diameter (cm) 4.2± 2.4 3.9± 2.7

Large resection 85 (48.1) 234 (49.4)

Small resection 92 (51.9) 239 (50.6)

Median follow-up (years) 1.5 (0–17.1)

The most commonly diagnosed cancers worldwide
are lung (1.4 million), breast (1.2 million) and colorec-
tal cancers (1 million) [3].

Colorectal liver metastases (CLM) are a leading
cause of cancer-related morbidity and mortality in
the most developed countries. In approximately 20%
of cases, CLM are diagnosed synchronously with pri-
mary colorectal carcinoma. In 30–50% of patients,
CLM develop metachronously at various intervals
after resection of the colorectal carcinoma. Radical
liver resection is the only treatment that gives patients
a chance of long-term survival. Unfortunately, only
15–20% of CLM are resectable at the time of diagnosis.

In many studies dealing with the epidemiology of
ageing and CLM development, 33–50% of all patients
with CLM were over the age of 70. However, only
8–20% of all patients who underwent surgery for CLM
were over the age of 70 [4–6]. This difference could be
due to the preference for palliative treatment of CLM
in the geriatric population and considerations regard-
ing radical liver surgery in older patients. The main
reason for such a treatment approach could be a fear
of cardiovascular, respiratory, renal, or metabolic co-
morbidities in elderly patients and the fact that ad-
vancing age carries a greater likelihood of decom-
pensation during general anaesthesia and major liver
surgery. When balancing the benefits of surgical re-
section for the treatment of CLM against the risks of
surgery, many clinicians are reluctant to recommend
liver resection in the elderly. However, the quality
of life of older people in the population associated
with their mental and physical activity has increased
in recent years and is significantly better than it was
a decade or more ago. For this reason, there is an ex-
pansion in the indication for liver surgery for the age-
ing population, and age should no longer be a limiting
factor for liver resection.

Themain aim of this study was to evaluate the long-
term results of liver surgery in patients ≥70 years old in
comparison to the results for younger patients. A sec-
ondary aim was to ascertain whether certain general
risk factors of CLM play a role in the long-term results
of liver surgery in elderly patients.

Methods

Approval for this study was received from the Insti-
tutional Ethics Committee. The study was performed
in accordance with the ethical standards laid down in
the 1964 Declaration of Helsinki. We obtained written
informed consent from all patients who participated
in this study. 671 consecutive patients who under-
went surgery to treat CLM between 2002 and 2020
were evaluated. 21 patients were excluded due to the
incompleteness of data in medical records that were
necessary for statistical processing; thus, 650 patients
remained in the sample group. There were 177 pa-
tients in the ≥70 age group and 473 patients <70 years
old. The average age of the entire group of patients
was 63.8± 9.3 years, with a median of 64.7. The aver-
age ages of the ≥70 and <70 groups were 74.3± 3.6 and
58.4± 8.2 years, respectively. In the group of patients
≥70 years old, there were 102 men and 75 women;
in the group <70 years old, there were 267 men and
206 women. The median for monitoring was 1.5 years
(0–17.1 years).

In both groups, we evaluated the period of hospi-
talisation, 30-day postoperative morbidity and mor-
tality, and overall (OS) and recurrence-free survival
(RFS) following liver resection. There was an as-
sessment of the impact of the number and largest
diameter of CLM for a given patient, small (<3 liver
segments) and large (≥3 segments) resections, and the
interval between primary colonic surgery and surgery
for CLM on the long-term results of liver surgery in
both groups of patients. The average number and
largest diameter of CLM in the group of patients
≥70 years old was 2.2± 1.6 and 4.2± 2.4cm, respec-
tively, and in the group <70 years old, 2.6± 2.1 and
3.9± 2.7cm, respectively. Large liver resections were
performed in 85 patients (48.1%) and small liver re-
sections in 92 (51.9%) patients in the ≥70 age group;
in 234 patients (49.4%) and 239 (50.6%) patients, re-
spectively, in the <70 age group (Table 1). Patients
were selected for each type of procedure by a mul-
tidisciplinary team according to the overall state of
patients evaluated according to the anaesthesiologi-
cal risk score (American Society of Anaesthesiologists,
ASA), PACE test (physical activity facilitation for el-
ders) and the number, diameter and location of the
CLM in the liver on the basis of multidetector com-
puted tomography (MDCT) with contrast enhance-
ment, magnetic resonance imaging (MRI) or hybrid
methods (positron-emission tomography with 18-flu-
orodeoxyglucose [FDG PET CT], positron-emission
tomography with magnetic resonance imaging [PET
MRI]). In indicated cases (insufficient future liver
remnant volume, neoadjuvant oncological treatment,
major liver surgery), we performed CT volumetry of
the liver and a functional liver examination using an
indocyanine green retention (ICG) test. The wishes of
the patient concerning surgery were respected. Pa-
tients with ASA class IV, primary non-resectable CLM
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Table 2 Hospital stay, 30-day postoperative morbidity
and mortality

≥70 years <70 years P-value

N 177 473 –

Hospital stay 11.3± 7.4 11.1± 6.8 0.9

Morbidity (%) 29 (16.4) 63 (13.3) 0.8

Large resections 20 (11.3) 45 (9.5) 0.8

Small resections 9 (5.1) 18 (3.8) 0.4

Cardiopulmonary insufficiency 11 (6.2) 19 (4.0) 0.3

Pneumonia 6 (3.4) 18 (3.8) 0.7

Fluidothorax 4 (2.3) 9 (1.9) 0.8

Biliary leakage 10 (5.6) 18 (3.8) 0.4

Hematoma 7 (4.2) 20 (4.3) 0.9

Abscess 7 (4.0) 14 (2.9) 0.5

Confusion 9 (5.1) 6 (1.3) 0.05*

Urinary infection 3 (1.8) 1 (0.3) 0.14

Pulmonary embolism 6 (3.4) 3 (0.6) 0.02*

Renal insufficiency 1 (0.8) 0 (0.0) 0.09

Liver insufficiency 0 (0.0) 2 (0.4) 0.4

Mortality (%) 5 (2.9) 4 (0.8) 0.1

Large resections 5 (2.9) 4 (0.8) 0.1

Small resections 0 (0.0) 0 (0.0) 1.0

Cardiopulmonary insufficiency 4 (2.3) 4 (0.8) 0.2

Haemorrhagic shock 1 (0.6) 0 (0.0) 0.8

*Statistically significant p-value

or with non-resectable extrahepatic metastases were
excluded from the study.

The statistical analysis was performed using SAS
software (SAS Institute Inc., Cary, NC, USA). Basic sta-
tistical data such as the average, standard deviation,
variance, median, interquartile spread, and minimum
and maximum were calculated for the measured pa-
rameters in the entire cohort and in individual groups
and subgroups. The difference in continuous vari-
ables between the examined groups was tested using
a Kruskal–Wallis Test. The analysis of overall survival
(OS) and recurrence-free survival (RFS) rates was cal-
culated using Kaplan–Meier survival curves. The im-
pact of individual factors was tested using a log-rank
test, Gehan–Wilcoxon test and Cox regression model.
The statistically strongest cut-off for individual factors
met the condition of highest attained score of the Cox
regression model. Statistical significance was desig-
nated at the threshold alpha= 5%.

Results

The length of hospitalisation was 11.3± 7.4 days
for patients ≥70 and 11.1± 6.8 days for patients
<70 (p<0.9); 30-day postoperative morbidity was
14.6% and 13.4% (p< 0.8), and mortality 2.9% and
0.8% (p< 0.2) in patients ≥70 and <70 years old, re-
spectively. The causes of mortality during the first
30 days in both groups were all cardiopulmonary in-
sufficiency, except for one patient in the ≥70 age group
who died of haemorrhagic shock. The highest mor-
tality rate was observed after large liver resections:

4.6% and 2.3% (p<0.1) of patients in the ≥70 and
<70 groups, respectively. The causes of morbidity
during the first 30 days did not differ between the two
groups, with the exception of pulmonary embolism
and confusion, for which patients ≥70 years of age
had a higher incidence (p< 0.02 and 0.05 respectively;
Table 2). The 1-, 3- and 5-year OS after resection
was 90.6, 64.9 and 57.0%, respectively, for patients
≥70 years old and 91.6, 68.6 and 52.6%, respectively,
for patients <70 years old (p<0.7; hazard ratio, HR, 1.1;
95% confidence interval, CI, 0.7–1.5; Fig. 1). The 1-,
3- and 5-year RFS was 58.8, 22.1 and 16.7, respectively,
for patients ≥70 and 58.7, 24.2 and 17.1 for patients
<70 (p< 0.7, HR 1.0, 95% CI 0.8–1.3; Fig. 2). A diameter
of the largest CLM ≥50mm was a negative prognos-
tic factor for OS and RFS for patients ≥70 years old
(p< 0.04, HR 1.7, 95% CI 1.0–2.9, p< 0.03, HR 1.5, 95%
CI 1.0–2.3, respectively; Figs. 3 and 4). Large liver
resections also resulted in lower OS and RFS rates
in patients ≥70 years old (p<0.01, HR 2.1, 95% CI
1.2–3.8, p<0.05, HR 1.5, 95% CI 0.9–2.3, respectively;
Figs. 5 and 6). In contrast, the number of CLM, the in-
terval between primary surgery for colorectal cancer
and liver resection for CLM and small liver resections
were not significant for the OS and RFS rates of both
groups.

Discussion

Recent data clearly indicate that the number of peo-
ple in our population over the age of 70 is increasing.
In the Czech Republic, the percentage of the popula-
tion over the age of 70 reached 18.7% in 2017. We can
expect the number of elderly patients to increase fur-
ther in the near future. These patients will create more
and more cases in the area of hepatobiliary surgery.
The problem is that older patients not only develop
CLM, but also have other serious comorbidities that
can affect surgical procedures.

Radical liver resection is the gold standard method
for treatment of CLM. The 5-year patient survival rate
is between 35 and 60% [7, 8]. Untreated patients with
CLM rarely survive longer than 1 year. Patients treated
withmodern oncological therapy without liver surgery
can live for 22–24 months. The 30-day mortality rate
for liver resections in specialised liver centres is below
5% due to the use of advanced resection techniques
and modern trends in anaesthesiology and intensive
care [9, 10].

Accurate preoperative diagnosis is extremely im-
portant in elderly patients, who often have various
concomitant diseases. Modern techniques include ul-
trasonography and contrast-enhanced ultrasonogra-
phy (CEUS), intraoperative ultrasonography, MDCT
with contrast enhancement and volumetric evalua-
tion, and MRI with a contrast agent. FDG PET CT
or PET MRI are useful for staging the metastatic pro-
cess. The use of this large array of diagnostic tools
is important, especially for the differential diagnosis
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Fig. 1 Overall survival of
patients ≥70 years old after
liver resection
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Fig. 2 Recurrence-free
survival of patients ≥70 years
old after liver resection
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of haemangioma, focal steatosis, focal nodular hyper-
plasia and small lesions, and for staging liver tumours
for accurate and careful preoperative patient selection
to avoid unnecessary surgeries in elderly patients and
to ensure that patients experience the maximum ben-
efit from liver surgery. Radiodiagnostic methods are
important for the evaluation of the number and lo-
cation of liver tumours; for identifying possible hilar
lymph node involvement, vascular invasion and the

presence of extrahepatic disease; and for performing
liver volumetry. All this information is essential for
surgeons to assess tumour resectability and the antic-
ipated extent of resection in elderly patients [11–13],
for whom it is very important to perform a preop-
erative frailty evaluation as a risk factor of older pa-
tients undergoing liver surgery. Frailty evaluation is
important not only for the actual operation, but also
for ensuring comprehensive perioperative care for el-
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Fig. 3 Overall survival de-
pending on the diameter of
colorectal liver metastases
(CLM)
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Fig. 4 Recurrence-free
survival depending on the
diameter of colorectal liver
metastases (CLM)
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derly patients. The goal is to reduce serious operative
and postoperative complications associated with long
hospitalisation, significant economic costs, a deterio-
ration in the quality of life of elderly patients and their
postoperative mortality [14, 15].

Careful preoperative evaluation of a patient’s state
of health is very important, especially in elderly pa-
tients and before liver surgery, which had a 2.9%
mortality rate in our group of elderly patients. An

evaluation of cardiopulmonary status (standard chest
x-ray, electrocardiogram, echocardiography with esti-
mation of ventricular kinetics and ejection fraction),
a renal function test and complete blood chemistry
tests should be performed as part of the basic ex-
amination of patients over the age of 70. In case of
a positive medical history of coronary artery disease,
additional cardiological examination is indicated.
Preoperative assessment of the functional (ASA test),
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Fig. 5 Overall survival de-
pending on the type of liver
resection
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Fig. 6 Recurrence-free
survival depending on the
type of liver resection
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cognitive and emotional status of elderly patients
using the PACE test and the Brief Fatigue Inventory
(BFI) is also very important.

Special pathophysiological considerations have to
be taken into account for elderly patients. As the body
ages, the liver undergoes physiological changes, re-
sulting in decreased size and reduced blood flow (by
as much as 45%) in octogenarians. The number of
hepatocytes is also reduced, and hepatocyte morphol-

ogy and function deteriorate. The functional reserve
of the liver and its regeneration capacity are dimin-
ished. The synthesis of proteins and clotting factors
may be impaired. The acute-phase protein response is
also inhibited. The inhibition of this response can be
a cause of the increased rate of postoperative infection
in elderly patients [16]. Postoperative hepatic failure
after liver resection also occur more often in patients
over the age of 70 [17, 18]. Therefore, liver cirrhosis
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(Child–Pugh stages B and C) and other conditions as-
sociated with seriously deteriorated liver function are
contraindications for liver resection in the elderly. We
recommend assessing liver function (e.g., indocyanine
green retention test) in each patient over 70 years old
before performing major liver surgery. If the reten-
tion rate of intravenous ICG application is less than
14% after 15min, tolerance of large resection is good.
If the retention rate is greater than 20%, the patient
should not undergo major liver surgery. If the reten-
tion rate is between 14 and 20%, the elderly patient
can undergo liver surgery if the future remnant liver
volume (FRLV) will be more than 50% [19–21]. The
FRLV is another very important factor for safe surgery
in elderly patients. The FRLV is measured by three-
dimensional CT volumetry, generally using a special
software program. If the FRLV is lower than 30% for
the healthy liver tissue, lower than 40% after extensive
chemotherapy in patients with steatohepatitis or cir-
rhosis, staged procedures are indicated assuming the
patient’s overall good condition [22, 23]. Because of
this policy, we had zero liver insufficiency in the group
of patients ≥70 and a rate of only 0.6% in the <70 age
group.

The liver resection technique has changed signif-
icantly in recent years from the high blood demand
finger-fracture or Kelly fracture techniques to more
gentle liver resection using ultrasonic dissection de-
vices, argon lasers, bipolar electrocoagulation devices
and harmonic scalpel. In the majority of liver re-
sections, blood transfusions are no longer necessary.
Current techniques for liver surgery are liver-sparing
procedures (in view of repeated liver procedures),
with an emphasis on radical procedures with margin-
negative R0 resections [24–26]. During parenchymal
transection, we use either intermittent complete por-
tal ischemia (Pringles manoeuvre should be applied
in elderly patients for 15–20min with 5–10min of
reperfusion) or selective portal ischemia (extrahepatic
ligation or clip application). Resectable extrahepatic
metastases (e.g., lung, nodular disease, peritoneal
implants) are not contraindications for liver surgery
in elderly patients. Current literature [27, 28] reports
a median survival after liver surgery and extrahepatic
disease resection of 20 months, 3-year OS higher than
40% and 3-year RFS around 12%. Untreated patients
with CRLM and extrahepatic disease had a median
survival of 6.4 months and a 3-year survival of 1%
in case of non-resectable tumours [29–31]. Also, re-
peated liver resections in patients over the age of
70 in good health are not contraindicated and can be
performed with acceptable morbidity and mortality
rates that are very similar to those for primary liver
surgeries [19, 32, 33].

Our study compared the short- and long-term re-
sults of liver resection in patients over 70 years old
and in patients under the age of 70. The type of pro-
cedure was chosen based on each patient’s general
physical and mental status. There were no significant

differences in the 30-day mortality and morbidity
rates between the two age groups except for a higher
incidence of pulmonary embolism and postoperative
confusion in patients over 70 years old. These phe-
nomena are common in elderly patients in surgical
units and most likely not specific to the liver proce-
dures performed in our group of patients. However,
in view of the significant incidence of pulmonary
embolisms and postoperative confusion in patients
≥70 years old, it will be necessary to place even
greater emphasis on very early postoperative mo-
bilisation and respiratory and mental rehabilitation
of elderly patients in addition to other prophylactic
measures. We also recommend that artificial lung
ventilation be terminated immediately after the end
of the operation, unless essential for other reasons.
Long-term results were worse for patients ≥70 years
old with the presence of CLM ≥50mm in diameter
and large liver resections. It is a question whether
this result is given by the shorter life expectancy of
patients over the age of 70 or by the influence of the
aforementioned risk factors.

However, our study has some limitations. It is a ret-
rospective, monocentric study. In terms of risk factors,
we monitored the basic clinical factors common in
clinical practice. It would be of interest to take into
account molecular risk factors too, which are, for ex-
ample, histopathological and genetic characteristics
of primary and secondary tumours and, in particular,
serum indicators of tumour growth. We are currently
working on this study. From the perspective of OS it
would be helpful to censor the results in view of the
death of patients with CLM, which would be appro-
priate for the long-term results of patients ≥70 years of
age, where mortality for other reasons increases with
age.

Conclusion

Liver surgery for CLM in elderly patients is feasible
and safe and offers long-term survival with a high
quality of life fully comparable with younger patients.
However, liver resection in patients ≥70 years old
should be tailored to the specific patient according
to his or her overall state of health, liver function,
FRLV and severity of various comorbidities, especially
cardiopulmonary functions. Parenchymal sparing
surgery should be method of choice in elderly pa-
tients. Early postoperative mobilisation and respi-
ratory and mental rehabilitation are very important
for these patients from the aspect of postoperative
complications.
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