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Abstract
Objectives: Isolated intrahepatic recurrence is noted in up to 40% of patients following curative liver

resection for colorectal liver metastases (CLM). The aims of this study were to analyse the outcomes of

repeat hepatectomy for recurrent CLM and to identify factors predicting survival.

Methods: Data for all liver resections for CLM carried out at one centre between 1998 and 2011 were

analysed.

Results: A total of 1027 liver resections were performed for CLM. Of these, 58 were repeat liver

resections performed in 53 patients. Median time intervals were 10.5 months between the primary

resection and first hepatectomy, and 15.4 months between the first and repeat hepatectomies. The

median tumour size was 3.0 cm and the median number of tumours was one. Six patients had a positive

margin (R1) resection following first hepatectomy. There were no perioperative deaths. Significant com-

plications included transient liver dysfunction in one and bile leak in two patients. Rates of 1-, 3- and

5-year overall survival following repeat liver resection were 85%, 61% and 52%, respectively, at a median

follow-up of 23 months. R1 resection at first hepatectomy (P = 0.002), a shorter time interval between the

first and second hepatectomies (P = 0.02) and the presence of extrahepatic disease (P = 0.02) were

associated with significantly worse overall survival.

Conclusions: Repeat resection of CLM is safe and can achieve longterm survival in carefully selected

patients. A preoperative knowledge of poor prognostic factors helps to facilitate better patient selection.
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Introduction

Colorectal cancer (CRC) is the third most common malignancy
and the second most common cause of cancer-related deaths
worldwide.1 Up to 70% of patients with CRC develop either syn-
chronous (15–25%) or metachronous (20–40%) liver metas-
tases.2,3 Despite the recent advances in chemotherapeutic agents,
liver resection remains the only potentially curative treatment for
colorectal liver metastases (CLM).4–8 Reported 5-year overall sur-
vival rates following curative liver resection lie in the range of
35–58%.9–12 However, about two thirds of patients develop

tumour recurrence and the recurrent disease is limited to the liver
in up to 40%.13–16 Advances in surgical techniques and periopera-
tive management have enabled some centres to perform repeat
hepatectomy in selected groups of patients.17–20 Experiences with
repeat resections are limited and the published literature is con-
fined to a few retrospective studies.21–24 The aims of this study were
to analyse the outcomes of repeat hepatectomy performed for
recurrent CLM and to identify factors predicting survival.

Materials and methods

Following approval of the study protocol by the institutional review
board, all patients who underwent surgery for CLM between
January 1998 and January 2011 were identified. Data were collected
retrospectively using the prospectively maintained liver unit data-
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base. Only patients who underwent more than one liver resection
were included in the study. Patients with recurrent liver disease
treated with radiofrequency ablation (RFA) were excluded. Infor-
mation collected included data on patient demographics, clinico-
pathological features of the primary and metastatic tumours,
operative data and postoperative complications in both the single
hepatectomy group and the repeat liver resection group. Rates of 1-,
3- and 5-year overall survival were calculated from the time of first
hepatectomy and were compared with those in the single hepatec-
tomy group. A further analysis was performed to identify factors
influencing survival in the repeat liver resection group.

Preoperative staging included contrast-enhanced, triple-phase
computed tomography and liver-specific magnetic resonance
imaging. All imaging was discussed at a multidisciplinary
meeting. Neoadjuvant chemotherapy was considered in patients
with borderline resectable disease or a clinical risk score of >3.25

The criteria for consideration for repeat liver resection were
similar to those for initial liver resection: patients were required to
show the presence of resectable liver disease, the absence of unre-
sectable extrahepatic disease and the likelihood of an adequate
functional liver remnant following resection. Intermittent inflow
occlusion was used selectively and parenchymal transection was
performed using the Cavitron Ultrasonic Surgical Aspirator
(CUSA; Valleylab™, Covidien, Inc., Boulder, CO, USA) and/or a
harmonic scalpel according to the surgeon’s preference. A thoracic
epidural infusion of bupivacaine and fentanyl was used routinely
to provide postoperative pain relief.

Liver metastases that were diagnosed within 3 months of the
primary tumour were defined as synchronous, whereas those
diagnosed >3 months later were classed as metachronous lesions.26

The extent of liver resection was classified according to the Bris-
bane 2000 Guidelines. Resections involving more than three
Couinaud segments were regarded as major.

Perioperative mortality was defined as death during the same
hospital admission or within 90 days of surgery. Postoperative
complications were graded using the modified Dindo–Clavien
system of classification.27

Patients were followed up by clinical evaluation and measure-
ment of serum carcinoembryonic antigen (CEA) every 3 months
during the first year, every 4 months during the second, every 6
months during the third and annually thereafter until the fifth
anniversary. Computed tomography was performed at 6 and 18
months following surgery and if clinically indicated.

Statistical analysis
Data were analysed using spss Version 17 (SPSS, Inc., Chicago, IL,
USA). Descriptive statistics were presented as percentages or
median values. Non-parametric Mann–Whitney U-tests and chi-
squared tests were used to analyse differences between the single
and repeat hepatectomy groups. Survival was calculated from the
time of both the first and second hepatectomies in the repeat
hepatectomy group and survival analysis was performed accord-
ing to the Kaplan–Meier method. Factors associated with survival

were assessed using the Cox regression test. A P-value of <0.05 was
considered to indicate statistical significance in all tests.

Results

A total of 1027 liver resections were performed for CLM during
the study period. Of these, 58 (6%) represented repeat hepatecto-
mies performed in 53 patients. Five patients underwent a third
liver resection. Single hepatectomy was performed in 916 patients.
The median age at presentation in the repeat hepatectomy group
was 63 years (range: 38–81 years). A total of 29 (55%) of the 53
patients in the repeat hepatectomy group were male.

Primary tumours were staged according to the Dukes classifi-
cation system as stage A in three patients, stage B in 15, stage C in
18 and stage D in 17 patients. Hepatic metastases at index pres-
entation were synchronous in 17 and metachronous in 36
patients. Thirty-one patients received chemotherapy prior to first
liver resection and three received chemotherapy before the repeat
liver resection. The majority of chemotherapy regimens were
5-fluorouracil (5-FU) and oxaliplatin-based The median time
interval between the colectomy and the first hepatectomy was 10.5
months (range: 1.9–65.0 months); median intervals were 15.4
months (range: 4.3–60.1 months) between the first and second
hepatectomies, and 12.2 months (range: 7.7–33.8 months)
between the second and third liver resections.

Operative data
In the 53 patients submitted to repeat liver resection, the first
hepatectomy was major in 25 and minor in 28 cases. The repeat
liver resection was major in 10 and minor in 43 patients. All of the
five third hepatectomies were non-anatomical wedge resections.
Types of liver resection in the repeat hepatectomy group are sum-
marized in Table 1.

Blood products were used in 13 patients during the first hepate-
ctomy and in 10 patients during the repeat procedure. None of the
patients undergoing third hepatectomies required transfusions.

Metastatic tumour characteristics at first
hepatectomy (n = 53)
The median size of the tumour was 3.0 cm (range: 1.0–11.0 cm)
and the median number of lesions was one (range: 1–9). A bilobar

Table 1 Type of liver resection in the repeat hepatectomy group
(n = 53)

Type At first
hepatectomy,
n (%)

At second
hepatectomy,
n (%)

Right hepatectomy 13 (25%) 7 (13%)

Extended right hepatectomy 4 (8%) 2 (4%)

Left hepatectomy 5 (9%) 1 (2%)

Extended left hepatectomy 3 (5%) 0

Left lateral segmentectomy 8 (15%) 2 (4%)

Non-anatomical resections 20 (38%) 41 (77%)
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distribution was noted in 12 patients. One patient showed the
regional spread of tumour to the hilar lymph node. Postoperative
histology showed residual microscopic tumour at the resection
margin (R1 resection) in six patients. No R2 resections were
identified.

Metastatic tumour characteristics at repeat
hepatectomy (n = 53)
The median size of the tumour was 3.0 cm (range: 1.0–7.5 cm)
and the median number of lesions was one (range: 1–3). Four
patients had bilobar disease. Extrahepatic disease was noted in six
patients. Three patients had local diaphragmatic invasion, one had
hilar lymph node metastasis, one had a pre-sacral mass and one
patient had extracapsular tumour infiltration. Final histology
revealed an R1 resection in six specimens. No patients had R2
resection.

Postoperative outcome and survival
No in-hospital deaths occurred after repeat liver resection. Two
patients developed bile leak from the cut surface of the liver and
required percutaneous drainage. One patient developed a chest
infection and another had transient liver dysfunction; both were
treated conservatively.

The median hospital stay was 6 days (range: 4–17 days) and the
median intensive care unit stay was 1 day (range: 1–5 days). None
of the five patients who underwent third hepatectomy had any
significant morbidity.

At a median follow-up of 32 months (range: 5–103 months), 16
patients were found to have died of tumour recurrence. Eleven of
these 16 patients had developed further recurrent metastatic
disease in the liver. Rates of 1-, 3- and 5-year survival calculated
from the date of first hepatectomy were 98%, 83% and 59%,
respectively, with a median survival of 53 months (range: 11–101
months). Rates of 1-, 3- and 5-year survival calculated from the
date of the second liver resection were 85%, 61% and 52%, respec-
tively, with a median survival of 45 months (range: 6–98 months).
The present results are compared with those of previously pub-
lished studies in Table 2.

Comparison with the single hepatectomy group
Patients in the single hepatectomy group (n = 916) and the repeat
liver resection group (n = 53) were comparable with respect to age,
Dukes stage of the primary tumour, the presence of synchronous
liver lesions, the time interval between the resections of the
primary and metastatic lesions, and the size and number of liver
metastases (Table 3). Significantly more major liver resections
were undertaken in the single hepatectomy group compared with
the first repeat resection group. A comparative analysis of intra-
operative blood product requirements and postoperative compli-
cation rates between the two groups revealed no significant
variables. A detailed summary is presented in Table 4.

Rates of 1-, 3- and 5-year overall survival after a single hepate-
ctomy were 95%, 58% and 43%, respectively. The difference in
survival rates between the single hepatectomy and the repeat
hepatectomy groups was not significant. Survival curves are pre-
sented in Fig. 1.

Predictors of survival
Cox regression analysis demonstrated that R1 resection at repeat
hepatectomy (P = 0.002), a shorter time interval between the first
and second hepatectomies (P = 0.02) and the presence of extra-
hepatic disease (P = 0.02) were associated with significantly
poorer survival in patients who underwent repeat hepatectomy.
The details of the analysis are shown in Table 5.

Discussion

A large proportion of patients with CRC with liver metastases
develop tumour recurrence despite surgical treatment with cura-
tive intent. In an estimated 25–30% of these patients, recurrence is
confined to the liver.28 Modern systemic chemotherapy regimens
have achieved a median survival of 20 months in patients with
colorectal metastases. However, data on the efficacy of these treat-
ments in patients with recurrence in the liver following hepatec-
tomy are lacking.22,29 Improvements in surgical technique and
perioperative management have encouraged a few centres to
adopt an aggressive surgical approach in selected patients with
metastatic recurrence.22–24,30

Table 2 Comparison of the present results with those of published studies

Authors (year) Patients,
n

Mortality,
%

Median survival,
months

3-year
survival, %

5-year
survival, %

Fernández-Trigo et al.
(1995)42

(Liver Met Registry)

170 – 34 45% 32%

Adam et al. (2003)43 139 2.5% – 54% 35%

Shaw et al. (2006)24 66 0% 56% 68% 44%

de Jong et al. (2009)44

(multi-institution data)
246 0.4% – – 32.6%

Current studya 53 0% 45 61% 52%

aIn the current study, 3- and 5-year survival rates were calculated from the date of first hepatectomy.
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Repeat liver resection is made challenging by a combination of
factors, such as adhesions from previous surgery, chemotherapy-
induced liver injury and the alterations to the anatomy caused by
regeneration. This has led to perceptions that increased mortality
and morbidity are associated with such resections.31,32

The incidence of repeat liver resection in the present study was
6%; that in a large UK-based study published by Shaw et al. was
7%.24

In the present series, no perioperative mortality occurred fol-
lowing repeat liver surgery. Intraoperative blood product usage,

Table 3 Data on patient demographics and metastatic tumours in the present series

Demographics Single
hepatectomy
(n = 916)

First repeat
hepatectomy
(n = 53)

P-value

Age, years, median (range) 66 (21–87) 63 (38–81) 0.882

Sex, male/female, n 619/297 29/24

Dukes stage of primary tumour, n (%)

A 30 (3%) 3 (6%) 0.471

B 270 (30%) 15 (28%) 0.530

C 377 (41%) 18 (34%) 0.311

D 239 (26%) 17 (32%) 0.334

Synchronous tumour 239 (26%) 17 (32%) 0.334

Time interval, months, median (range)

Primary resection to first hepatectomy 11.5 (0–188.1) 10.5 (1.9–65) 0.396

First to second hepatectomy – 15.4 (4.3–60.1)

Second to third hepatectomy – 12.2 (7.7–33.8)

Size of liver tumour, cm, median (range) 3.5 (1.0–18.5) 3.0 (1.0–11.0) 0.743

Number of liver lesions, n, median (range) 1 (1–9) 1 (1–8) 0.912

Table 4 Intraoperative variables and postoperative complications graded using the Clavien–Dindo classification

Single
hepatectomy
(n = 916)

First liver
resection
(n = 53)

P-value Second live
r resection
(n = 53)

P-value

Type of resection, n (%)

Major 746 (82%) 25 (47%) 0.001 10 (19%) 0.003

Minor 171 (12%) 28 (53%) 43 (81%)

Perioperative transfusions

Blood 0 (0–35 units) 0 (0–18 units) 0.439 0 (0–19 units) 0.818

Fresh frozen plasma 0 (0–22 units) 0 (0–10 units) 0 (0–24 units)

Platelets 0 (0–22 units) 0 0 (0–2 units)

Patients with blood production, % 31% 24% 19%

30-day mortality, n 45 0 0

Liver dysfunctiona, n (%) 9 (2%) [Grade 5: 1] 1 (2%) 0.159 1 (2%) 1.0

Bleeding, n (%) 11 (1%) [Grade 3a: 3] – 1.0 0 1.0

Bile leak, n (%) 55 (6%) [Grade 3a: 17] 4 (7%) [Grade 3a: 1] 0.551 2 (4%) [Grade 3a: 2] 0.628

Pulmonary complications, n (%) 52 (6%) [Grade 3a: 2; Grade 4: 4] 2 (4%) 0.768 1 (2%) 1.0

AF/dysrhythmia, n (%) 40 (4%) – 0.061 – 1.0

Abdominal collections, n (%) 3 (<1%) [Grade 3a: 2] – 0.153 – 1.0

Wound infection, n (%) 17 (2%) – 0.610 – 1.0

Wound dehiscence, n (%) 3 (<1%) [Grade 3b: 2] – 0.151 – 1.0

aPostoperative liver dysfunction was defined using the 50–50 criteria (serum prothrombin time <50% of normal, bilirubin >50 mmol/l on postoperative
day 5.45

Significant complications requiring surgical, endoscopic or radiological intervention and life-threatening complications are shown in parentheses.
AF, atrial fibrillation.
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postoperative morbidity and length of hospital stay were compa-
rable between the repeat and single hepatectomy groups. However,
the majority of repeat hepatectomies in the study group were
minor, as they were in other published series.31–35 Over the years, the
unit at which this study was conducted has adopted a strict tech-

nique for first hepatectomy that involves the mobilizing of only the
lobes with target lesions, minimal retrohepatic dissection and the
use of parenchyma-preserving resection when possible. This
approach is intended to minimize adhesions and perihepatic fibro-
sis and thus to facilitate any future repeat hepatectomies.

Numbers at risk: 

Repeat hepatectomy- 

       25      7             0         0 

Single hepatectomy 

      436               65                  5                  0 

Case processing summary

Repeat hepatectomy = 1 

Single hepatectomy = 2
Patients, 

n
Events (death), 

n

Censored 

n %

1.00 53 25 28 52.8%

2.00 916 436 480 52.4%

Overall 969 461 508 52.4%

Figure 1 Kaplan–Meier curves showing survival in the single hepatectomy and repeat hepatectomy groups

Table 5 Cox regression analysis: factors predicting survival in the repeat liver resection group

Factors P-value HR (95% CI)

Time interval between first and second resections 0.021 1.095 (3.37–5.14)

Type of resection (major versus minor) 0.783 1.747 (0.15–2.50)

Tumour distribution (unilateral versus bilateral) 0.443 0.629 (0.46–12.40)

R1 resection at second hepatectomy 0.002 11.054 (2.90–3.70)

Presence of extrahepatic disease 0.025 1.847 (1.60–2.50)

Age 0.637 0.736

HR, hazard ratio; 95% CI, 95% confidence interval.
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Five-year survival in patients who underwent a repeat hepate-
ctomy was 59% in the present study; this was slightly better than
the 43% achieved in patients undergoing single hepatectomy. The
survival benefit to be derived from repeat liver resection is also
indicated by the results of other studies reported in the literature,
which quote 5-year survival rates ranging from 26% to 44%.24 The
enhanced survival noted in the present group is likely to relate to
the fact that this was a highly selected patient population with
favourable tumour biology.

Complete tumour clearance at index hepatectomy is crucial for
a good prognosis.36 Accurate preoperative staging to identify all
tumour nodules is a key factor in achieving clearance. Early
tumour recurrence usually reflects unidentified metastatic disease
or a positive microscopic resection margin. The Cox regression
analysis in the present study showed that early recurrence (or a
shorter time interval between the first and second hepatectomies)
was associated with a poor prognosis. An R1 resection and the
presence of extrahepatic disease were also associated with a poor
prognosis. Aggressive surveillance to identify residual disease and
early recurrence could potentially extend the benefits of repeat
hepatectomy to a wider population and thus improve outcomes.
Neoadjuvant chemotherapy may be considered in patients
affected by poor prognostic factors.37

The role of RFA as a primary treatment modality for recurrent
CLM is currently unclear. It has been shown to confer an accept-
able survival benefit in patients with CLM: for example, Solbiati
et al. demonstrated a 3-year survival rate of 46% in patients
treated with RFA.38 Although the results were encouraging, the
role of RFA in recurrent CLM has not been thoroughly studied.39

Published studies have tended to include patients who were not fit
for surgical intervention and therefore it is not possible to
compare the short- and longterm outcomes of RFA and surgery,
respectively, for recurrent CLM. Further, studies have also
reported local intrahepatic recurrence in up to 40% of patients
following ablation treatments.40 At the present centre, the low
morbidity and good longterm survival rates associated with
surgery have restricted the use of RFA to its administration in
combination with surgery or as a second-line treatment in
patients who are unfit for surgery.

A small proportion of patients (10%) with recurrent CLM iso-
lated to the liver are amenable to repeat liver resection. Published
experience in repeat hepatectomy for recurrent CLM is derived
from small retrospective studies that support the role of repeat
hepatectomy as a curative treatment in carefully selected
patients.41 The present results concur with current opinion. The
roles of more conservative modalities, such as chemotherapy or
local ablative treatments (alone or in combination), should be
addressed in randomized controlled trials.

In conclusion, repeat hepatectomy is safe and provides survival
outcomes comparable with those of single hepatectomy in
selected patients with recurrent CLM. Both technical and onco-
logical factors should be considered at patient selection. The pres-
ence of a positive resection margin, extrahepatic disease and a

shorter time interval between the first and repeat hepatectomies
are associated with a significantly poorer outcome.
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