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ABSTRACT

Objective:

To evaluate the results of liver surgery for colorectal liver metastasis performed at a special-
ized regional hospital in comparison with the operation performed at a university medical 
center (UMC).

Design:

Retrospective study at 2 hospitals.

Methods:

All patients with colorectal liver metastasis who had undergone a partial liver resection and/
or radiofrequency ablation (RFA) at Amphia Hospital or at the Academic Medical Centre 
- University of Amsterdam (AMC) from January 2005-June 2011 were included. Data on 
patient characteristics, type of resection, pathology results and (disease-free) survival were 
collected. The primary outcome measures were surgical complications and survival.

Results:

A total of 232 patients were included. No differences in patient characteristics between 
centres were identified. At the AMC, 121 patients (98.4%) had undergone a resection; 6 in 
combination with RFA. Two patients (1.6%) had undergone RFA only. At Amphia Hospital, 
85 patients (78%) had undergone a resection; 30 in combination with RFA. In 24 patients 
(22%), only RFA was performed. There was a significant difference in the type of treatment 
(p < 0.01). Not significantly different between the two centres were the average lengths 
of hospital stay, surgical complications and recurrence rates. After resection, no significant 
differences in the 1- and 3-year (disease-free) survival rates were found between the two 
centres. At Amphia Hospital, the overall survival at 1, 3 and 5 years was 86, 47 and 29%, 
respectively. These rates were significantly better at AMC with 91, 78 and 53%, respectively 
(p < 0.05). The difference in (disease-free) survival for the entire group of patients can be 
explained by the more frequent performance of RFA at Amphia Hospital.

Conclusion:

Postoperative morbidity, mortality and survival rates after liver surgery obtained from a 
specialized regional hospital were similar to results obtained from a UMC.
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INTRODuCTION

Currently more patients with colorectal liver metastasis qualify for curative treatment and 
the prognosis of these patients has improved. [1-4] The golden standard for surgical treat-
ment of colorectal liver metastases is a partial liver resection or for limited tumors, radio 
frequentcy ablation (RFA) and in some patients a combination of these two methods. Various 
other treatments have become available.[5] For this type of liver surgery, expert teams of 
surgeons, internist, oncologists and radiologists are required. The intervention is therefore 
performed in specialized hospitals, typically in university medical centers (UMC’s) and more 
recently, in larger peripheral hospitals. Whether this type of care should be performed only 
in the UMC’s, is the subject of an ongoing discussion. The quality of care in the peripheral 
centers must be equal to the quality of an UMC. The aim of this study is to evaluate the 
results of liver resections and RFA treatments for metastases of colorectal carcinoma per-
formed in a specialized regional hospital in comparison to an UMC.

Techniques

Despite radical resection of the primary tumor, approximately 50-60% of patients will de-
velop hepatogenic metastases. Fifteen to 20% of the patients with colorectal cancer will 
present with synchronous metastatic liver disease, which means that the primary tumor 
is detected at the same time as the liver metastases. [2,3,6] A partial liver resection is the 
only curative option with a 5-years survival of 25-50% and a 10-years survival of 20% after 
microscopically radical resection (R0). [2,7-9]

According to current insights, a patient is eligible for resection if the liver metastases can 
be radically removed with enough remaining functional liver volume (approximately 30% of 
the total liver volume).

However, more than 80% of the tumors are not resectable at presentation due to localiza-
tion of the tumor in multiple organs, ingrowth of the tumor in the central vessels or insuf-
ficient estimated liver remnant function. In approximately 13% of the patients for whom 
resection is not possible in the first instance, a resection can be carried out after response 
to chemotherapy, resulting in a decrease in size and/or number of metastases (‘downsiz-
ing’).[4,10,11] Another treatment option for resectabel and irresectabel liver metastases 
is RFA, in which a needle electrode is placed in the center of a metastasis. [3,12-14] The 
tissue is heated to above 60°C, which leads to irreversible cell damage and cell death.[14-17] 
This method can be done percutaneously, laparoscopically or during laparotomy. It is also 
possible to apply RFA in combination with a resection, when one or more metastases are 
outside the planed field of resection.
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PATIENTS AND METHODS

Data of two groups of patients with colorectal liver metastases who underwent a liver resec-
tion or RFA, were collected. One group consisted of patients from a specialized, peripheral 
hospital, the Amphia Hospital in Breda, while the second group of patients originated from 
the Academic Medical Center (AMC) in Amsterdam, both in the Netherlands. All patients who 
underwent partial liver resection or RFA for colorectal liver metastases in the period January 
2005-June 2011 were included in this study. Patients who were found to be unresectable 
intraoperatively due to peritonitis carcinomatosa or metastases elsewhere were excluded. 
Data such as patient characteristics, surgical data, outcomes of pathological examination, 
survival and disease-free survival were collected prospectively. The Charlson-index was used 
to compare the comorbidity between the different patient populations.[19] A resection con-
sisted of a metastasectomy, resection of 1 or multiple segments or (‘extended’) left or right 
hemihepatectomy. Laparoscopic resection was performed in some patients with a lesion in 
the left lateral segments of the liver. Patients with multiple or large liver metastases that were 
irresectable due to localization, were treated with neo-adjuvant chemotherapy to reduce 
metastases and to achieve resectability. RFA was done in collaboration with the radiologist 
and was performed percutaneously, laparoscopically or via laparotomy. A combination of 
resection and RFA was performed in patients who had one or more metastases outside the 
area to be resected. Postoperative complications were scored based on the clinical patient 
records. The Clavien-Dindo classification was used to classify the complications, with 7 dif-
ferent scales representing the severity of a complication. Complications within scale 1 and 
2 are relatively innocent and only need simple therapy. The serious complications range 
from 3 to 7 and represent complications that require an intervention or lead to death of the 
patient.[20] The date of the operation is counted as the start of follow-up. The follow-up 
consisted of a visit at the outpatient clinic every 3 months during the first 2 years after the 
liver resection or RFA and then once every 6 months up to 5 years after the resection or 
RFA. The follow-up consisted of plasma CEA-determination, chest x-ray and an ultrasound 
or a 4-phase CT scan of the liver. By telephone verification with the GP and by consulting 
the population registry, it was checked whether patients were still alive. Total survival was 
defined as the time between the operation and the eventual death or the end of follow-up. 
Total disease-free survival was defined as the time between the operation and the occur-
rence of a possible recurrence.

Statistical analysis
SPSS 19.0 (SPSS inc, Illinois, USA) for Microsoft Windows was used for statistical analyses. 
Patient characteristics were compared using the χ2 test. Survival was determined with 
Kaplan-Meier curves and the log rank test was used to test for significance.
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RESuLTS

A total of 232 patients were eligible for surgical treatment of colorectal liver metastases: 123 
patients in the AMC and 109 patients in Amphia Hospital. Patients treated in the AMC were 
on average younger and had a higher number of liver metastases at the time of presentation 
(Table 1).

At the AMC, a resection was performed in 121 patients (98.4%). Six of the 123 patient 
underwent liver resection in combination with RFA. At the Amphia Hospital, 85 patients 
(78.0%) underwent a resection; 30 of them were in combination with RFA. Furthermore, 24 
patients (22.0%) at Amphia Hospital were treated with only RFA, in the AMC only 2 patients 
(1.6%). There was a significant difference in type of treatment (p <0.01) (Table 2). Resection 

Table 1 Patient characteristics in 232 patients submitted to liver resection for colorectal liver metastases in 
AMC and Amphia hospital

Amphia
(n = 109)

AMC
(n = 123)

p-value*

Gender (%) 0,53

male 62 (56,9) 75 (61,0)

woman 47 (43,1) 48 (39,0)

Age (years) ± SD 66,5 ± 9,1 62,0 ± 12,9 <0,01

Charlson index score (%) 0.08

5 77 (70,6) 93 (75,6)

6 16 (14,7) 25 (20,3)

≥ 7 16 (14,7) 5 (4,1)

Primary tumor localisation (%) 0,84

Colon (right) 25 (22,9) 29 (23,6)

Colon (left) 5 (4,6) 7 (5,7)

Sigmoid 40 (36,7) 42 (34,1)

Rectum 39 (35,8) 45 (36,6)

Dukes classification 0,27

A 0 (0) 1 (0,8)

B 22 (20,2) 36 (29,3)

C 32 (29,4) 28 (22,8)

D 55 (50,4) 58 (47,1)

Metastasis 0,36

Synchronous 58 (53,2) 58 (47,2)

Metachronous 51 (46,8) 65 (52,8)

Number of metastases (n) ± SD 1,85 ± 2,0 2,47 ± 1,5 <0.01

*Chi-Square test and One-way ANOVA
AMC= Academic Medical Center
SD = Standard deviation
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of 3 or more segments was performed in 32 patients (37.6%) in Amphia Hospital compared 
to 52 patients (43.0%) in the AMC, p = 0.37.

In 19 patients in the AMC group, liver resection was combined with additional surgical 
procedures, e.g ileostomy closure surgery, colectomy or repair of abdominal wall herniation.

In 16 patients, a selective portal vein embolization was performed and 3 patients under-
went a two-stage hepatectomy. In the Amphia hospital, three patients underwent a partial 
liver resection in combination with a colectomy and one patient a combination of RFA of a 
liver metastasis and a low anterior resection. A R0-resection was achieved in 103 patients 
(85.1%) in the AMC and in 80 patients (94.1%) in the Amphia hospital.

Recurrences

Recurrences occurred in 52 patients (47.7%) during follow up in de Amphia hospital. In 
the group of patients who underwent resection only (n=55), 22 patients (40%) developed 
recurrent disease. In the AMC, 48 patients who underwent a liver resection only developed 
recurrent disease (39.0%), which was not significantly different compared to the Amphia 
hospital (p=0.18). The recurrence rate in the Amphia hospital in the patient group treated 
with RFA (n=24) was 62.5% and 50% in the group of patients who underwent a combination 
of RFA and resection (n=30) (Table 2). In the Amphia hospital, twelve patients (22.2%) of the 

Table 2 Type of resection and surgical outcome in both centers

Amphia
(n = 109)

AMC
(n = 123)

p-value*

Treatment (%) <0,01

resection 55 (50,5) 115 (93,5)

RFA 24 (22,0) 2 (1,6)

resection + RFA 30 (27,5) 6 (4,9)

Resection (%) 0,37

< 3 segments 53 (62,4) 69 (57,0)

> 3 segments 32 (37,6) 52 (43,0)

R0-resection (%) 80 (94,1) 103 (85,1) <0,01

Recurrence total (%) 52 (47,7) 48 (39,0) 0,18

Local recurrence after RFA (%) 12 (22,2)

Re-resection recurrence (%) 5 (9,6) 20 (41,7) 0,04

RFA treatment recurrence (%) 13 (25,0) 8 (16,7) 0,14

Extra-hepatic metastases (%) 39 (35,8) 44 (35,8) 0,64

Mean hospital stay in days ± SD 11 ± 14,1 12 ± 9,7 0,60

Postoperative mortality (within 30 days) 0 (0) 3 (2,4) 0,10

AMC = Academic Medical Center
SD = standard deviation
RFA = radiofrequent ablation
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54 patients who were treated with RFA, developed a local recurrence. The number of RFA 
procedures done in the AMC was too low for comparison. In case of a recurrence in the liver, 
5 of the 52 patients underwent a repeat hepatic resection in the Amphia hospital (9.6%), 
compared to 20 of the 48 patients (41.7%) in the AMC (p=0.04). In addition, 25 and 16.7 % of 
the patients with a recurrence, respectively, were treated with RFA (p=0.14). The remaining 
patients with a recurrence were no longer eligible for surgical treatment (Table 2).

Hospital stay and follow-up

The mean hospital stay in the Amphia hospital was 11 days, which didn’t differ significantly 
from the AMC (12 days). The postoperative period was uneventful in 87 patients in the 
Amphia Hospital (79.8%) compared to 96 patients in the AMC (78%) (p=0.16)(Table 3). The 
postoperative mortality was 0 and 2.4 %, respectively. No significant difference was seen 
in severity of complications scored by Clavien-Dindo classification (p=0.65)(Table 3). The 
median time of follow-up was 22 months (range 0-81 months) in the Amphia hospital and 
31 months (range 0-78 months) in the AMC. There were no significant differences in 1- and 
3-years survival in the group of patients who underwent resection only. The numbers of 
patients were too low to compare the 5-years survival (p=0.24) (figure 1). In the Amphia 
hospital, the 1-, 3- and 5-years survival of all the patients included was 86, 47 and 29%, 
respectively. The 1-, 3-, and 5- years survival of the total group patients in the AMC was 
significantly better with 91, 78 and 53% (p<0.05), respectively. The disease-free survival in 
the Amphia hospital after 1, 3 and 5 years was 55, 32 and 28%, respectively, compared 

Table 3 Postoperative complications in both centers

Amphia
(n = 109)

AMC
(n = 123)

p-value*

Biliary leakage 4 2

Subphrenic abscess 1 8

Liver failure 0 1

Sepsis 2 0

Bleeding 1 1

Infection 2 4

Ileus 1 3

Pneumonia 1 1

Other 10 7

Total 22 (20,2) 27 (22,0) 0,16

Clavien-Dindo classification; 0.65

n (%)

1 or 2 6 (27.3) 9 (33.3)

>2 16 (72.7) 18 (66.7)

*Chi-Square test; AMC = Academic Medical Center
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Figure 1. Survival curve after colorectal liver resection. Blue indicates AMC and red indicates Amphia hospital.

Figure 2. Kaplan-Meier survival plot of disease free survival after colorectal liver surgery in AMC (blue) and 
Amphia (red).
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to 70, 47 and 40% in the AMC, which was significantly different (p<0.05). There was no 
significant difference in disease-free survival after 1 and 3 years in the group of patients who 
underwent resection only between both hospitals (65 and 37% in the Amphia hospital and 
73 and 49% in the AMC, respectively; p=0.26)(Figure 2).

DISCuSSION

Liver surgery is a relatively safe procedure, as shown in previous studies. [2-4,6-10] In this 
study, the morbidity of liver surgery in the Amphia hospital was 20.2 % with no mortality. The 
morbidity in the AMC was 20.0% and the mortality 2.4%. This is in line with the literature, 
which describes a morbidity of 20-60% and a mortality less than 5%.[12,21] The recurrence 
rate in this study (47.7% in Amphia hospital and 39.0% in AMC) is also in line with current 
literature (25-64%). [4] In the AMC, there was a better survival and disease-free survival for 
the total patient population. There was however, no difference when comparing patients 
who underwent only resection at both centers.

A limitation of this study is the difference in type of offered treatment between the two 
centers. Combined surgery and portal vein embolization was performed more often in the 
AMC, which may result in a bias in comparable patient populations between the two cen-
ters. The difference in (disease-free) survival between the Amphia Hospital and the AMC for 
the entire group of patients can be explained by the more frequent use of RFA in Amphia 
Hospital. No randomized studies have been done comparing resection with RFA. However, 
a recent meta-analysis does show that RFA should be reserved for patients in whom a 
resection is not or no longer possible because of a higher recurrence rate after RFA. [22] 
No significant difference in total and disease-free survival after 1 and 3 years was found in 
patients who underwent resection only. A few years ago, RFA was still seen as a potentially 
curative option for the treatment of liver metastases. The outcomes of the initial results of 
RFA treatment in the Netherlands have changed the policy at Amphia Hospital and as result, 
the percentage of RFAs has declined strongly in recent years.[12] Partial liver resection can 
be seen as gold standard for curative treatment of patients with liver metastases. [4,21,23] 
According to current insights, a patient is eligible for resection if liver metastases can be 
radically removed with enough functional residual liver volume (about 30%). Extrahepatic 
metastases which can be removed radically, such as synchronic lung metastases, are no 
contraindication for surgical treatment.[3,4] In case of synchronic metastases, a ‘ liver first’ 
approach can be considered in which after neo-adjuvant chemotherapy, the liver is operated 
first before the primary tumor is removed. [24] The patient is no longer eligible for resection 
in case of progression of the tumor under neo-adjuvant chemotherapy.
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CONCLuSION

Postoperative morbidity, mortality and survival rates after liver surgery in a specialized re-
gional hospital were comparable to results of a University Medical Centre. Liver surgery can 
be adequately applied in a regional hospital with a center function in this field.
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