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Worldwide, colorectal cancer (CRC) is the fourth most 
common cause of cancer death, with more than 1.200.000 new 
diagnoses every year and resulting in 600.000 deaths/year. In 
Europe alone, CRC is responsible for 200.000 deaths/year. Long-
term survival is dependent on the stage of the disease at 
diagnosis, ranging from an average 5-year overall survival (OS) of 
approximately 90% for stage I disease to 5% or less for stage IV 
(metastatic) CRC.  
About 20-30% of CRC patients present with stage IV disease at 
diagnosis and about 50-60% of CRC patients will eventually 
develop metastases at some point in the course of their disease. 
So, obviously this involves a large number of CRC patients. In 
general, about 50% of CRC patients will develop colorectal liver 
metastases (CRLM). Peritoneal carcinomatosis (PC) is reported to 
occur in about 12-13% of patients with CRC and PC often occurs 
in combination with other metastatic sites.  

 
Unresectable PC from CRC and neo-adjuvant 

chemotherapy 
 Resectable PC from CRC, without systemic metastases, is 
considered a locoregional phenomenon, which can be treated 
with complete cytoreductive surgery (CCRS) + hyperthermic 
intra-peritoneal chemotherapy (HIPEC), resulting in 5-year OS 
rates of up to 50%1-9. But the majority of patients with PC 
present with unresectable disease. 
Literature on the outcome of unresectable PC from CRC is scarce 
and reports a very poor prognosis10-15 [Table 116]. Two 
prospective studies focused on the prognostic factors in PC of 
non-gynecologic malignancy10,11: the EVOCAPE 1 trial by Sadeghi 
et al. included only patients undergoing palliative treatment for 
PC of CRC. A median OS of 5.2 months [range 0.6-44.8 months] 
was reported and patients with PC of digestive origin were found 
to have a very poor prognosis10. Only the extent of PC was 
significantly correlated to survival10, whereas in the study of Chu 
et al. tumor burden did not affect survival11. In a retrospective 
analysis by Jayne et al. 349 (13%) out of 3019 patients had PC, of 
whom 61% had synchronous PC and 39% developed 
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metachronous PC17. A resection of the primary tumor and the PC 
could be performed in the synchronous PC group in 72%, 
whereas debulking of the PC was only possible in 2% of patients 
with metachronous PC. Furthermore, the extent of PC and T-
stage were identified as predictors of survival for synchronous 
PC17. 
Our retrospective study found a median OS of 6.3 months [0.4-
33.1 months] for 43 patients with unresectable PC from CRC15. 
Univariate analysis could only find palliative systemic 
chemotherapy to have a statistically significant influence on 
(p<0.001): a median OS of 9.3 months [range 0.9-33.1 months] 
[Table 315] was registered under palliative chemotherapy versus 
3.1 months [range 0.4-6.5 months] without palliative 
chemotherapy. This concurs with current literature2,10-13. 
However, a negative Pearson correlation was found between the 
administration of palliative chemotherapy on the one hand and 
ASA score ≥ 2 as well as the occurrence of postoperative 
complications after surgical exploration on the other hand. This 
suggests that a better general condition or performance status 
(PS) facilitates patients to undergo and tolerate chemotherapy 
and it’s side effects [Table 415]. Literature data support this 
theory. A retrospective analysis of 3823 patients with advanced 
CRC by Folprecht et al. already stressed the importance of PS18 
and a systematic review by Stillwell et al. showed that a patient’s 
PS, age and ASA-score, as well as the postoperative morbidity 
and mortality after palliative surgery are important prognostic 
factors related to OS in patients with stage IV CRC and 
unresectable metastases19. Pelz et al. stated that the biologically 
aggressive nature of PC impairs the functional status of patients 
to an extent that makes them only eligible for palliative care20.  
A review by Köhne et al. and the analysis by Folprecht et al. 
identified PC in itself as an independent negative predictive 
factor for outcome18,21. In our analysis lymph node involvement 
was not identified as a predictive factor adversely affecting 
survival15. This concurs with the results of EVOCAPE 110. Possibly, 
this indicates that the local phenomenon of PC might have a 
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stronger adverse influence on outcome than the systemic spread 
of advanced CRC by nodal involvement.  
 

Currently, systemic chemotherapy is considered the only 
available treatment option for patients with unresectable PC 
from CRC. For some time now, neo-adjuvant chemotherapy is 
accepted as a down-sizing technique for initially unresectable 
systemic metastases from CRC, such as colorectal liver 
metastases (CRLM)22-29, with response rates as high as 50%24. For 
CRLM conversion rates of 10-20% have been described23,24,26-28, 
allowing resection and resulting 5-year OS rates of 30-40%23.  It is 
very difficult to determine whether this finding for metastatic 
CRC in general also applies to the local phenomenon of PC.  
In order to compare the results of palliative chemotherapy (+/- 
palliative surgery) with the outcome after CCRS+HIPEC Elias et al. 
performed a multicenter retrospective study on 2 highly selected 
patient groups with a comparable, limited (resectable) extent of 
PC from CRC. Median survival was 23.9 months in the systemic 
chemotherapy-group versus 62.7 months in the HIPEC-group30. 
But literature results on systemic chemotherapy for PC are far 
less optimistic when patients with resectable and unresectable 
PC are combined in one trial. For this patient population the 
randomized controlled trial by Verwaal et al. reports a disease-
specific survival of 12.6 months31. This concurs with the median 
survival of 5.2-12.6 months after 5-FU/LV-based chemotherapy 
by as reported by Koppe et al.32. Results are even worse for 
unresectable PC15,20. Even with modern systemic therapy 
regimens a survival of almost 2 years is only rarely reached15.  
But “unresectable” PC implies more extensive disease15, whereas 
the best results with chemotherapy are reached in patients with 
low tumor load and in patients with PC only (i.e. without 
systemic metastases)20.  
Another important obstacle to interpret the available data is the 
inability to image sub-centimetric peritoneal lesions and assess 
tumor response on the RECIST-criteria. This makes accurate 
documentation or monitoring of treatment response 
impossible20. Therefore, retrospective evaluation of the extent of 
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PC is very difficult. At present, laparoscopy is the only tool 
available that to reliably assess the extent of PC. 
In an attempt to formulate an answer to the difficulties 
summarized above, we performed the first prospective 
observational pilot study to assess and document the actual 
response rate and response characteristics of unresectable PC 
from CRC under neo-adjuvant systemic chemotherapy with 
capecitabine and oxaliplatin with or without bevacizumab16. A 
laparoscopy was performed to assess and document the extent 
of PC before and after this combined chemotherapy. All 10 
patients that were initially included into the trial, had a good PS 
and ASA-score at PC diagnosis. One patient had to be excluded 
because of systemic metastases. Of the 9 patients that 
proceeded within the trial protocol, 1 developed early 
progressive disease, 2 had macroscopically stable disease, 5 had 
progressive disease at laparoscopy and 1 patient had proven 
progressive disease at laparotomy after palliative chemotherapy 
outside of protocol. In other words, 78% of patients had 
progressive disease under chemotherapy and 22% had stable 
disease16. Thus, no clear macroscopic response to chemotherapy 
could be demonstrated. For this reason trial inclusion was 
discontinued.  
Of course, an important shortcoming of this trial is the small 
number of patients included. Furthermore, despite their good PS 
at inclusion, the majority of patients completed their systemic 
chemotherapy with dose reduction. This indicates that PC indeed 
has a substantial influence on the patient’s functional status. 
Finally, for safety reasons, 2 important concessions were done 
on the trial protocol: First, due to tumor load and adhesions, not 
all 7 abdominal regions were always fully accessible for 
macroscopic assessment and documentation. Nevertheless, PC 
unresectability criteria were met in all cases. Second, peritoneal 
biopsies could not always be safely taken, especially at second 
laparoscopy. But all patients had histopathological proof of PC 
from CRC at trial inclusion16. 
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 To evaluate the prize in complication rate that comes 
with the administration of neo-adjuvant chemotherapy, we 
performed a review of literature to assess the incidence and 
clinical significance of Bevacizumab(BV)-related non-surgical and 
surgical serious adverse events (SAE)33. 
The BV-related SAE reported in literature are mild to moderate in 
severity and manageable using standard therapies. Furthermore, 
the incidence of SAE under BV-based chemotherapy is low: even 
very large, multicenter prospective and randomized controlled 
trials reported only very small numbers of SAE [Table 233]. In 
most trials the incidence of hemorrhage (2.0-3.0%), gastro-
intestinal (GI) perforation (<1.0-2.0%) and arterial thrombo-
embolic events (1.0-2.0%) was higher under BV-based treatment, 
but overall the absolute number of patients affected remained 
very low. Also, BV-related grade 5 toxicity was rare. Thus, the 
addition of BV to chemotherapy causes no clinically relevant 
aggravation of chemotherapy-related SAE34-43.  
Leaving the primary tumor in situ during BV-treatment appears 
safe: BV-related GI perforations occur in about 3% of patients, 
but virtually all of these are observed in the first 3 months of 
treatment and occur throughout the entire GI tract, hardly ever 
involving the primary tumor site37,40,42-44. Finally, the risk 
emergency surgery might be needed due to BV-related SAE, such 
as bleeding or perforation, is very low (estimated 2.0%)37,38,44,45.  
The relation between postoperative SAE and BV-based 
chemotherapy can be divided in 3 groups:  

First, for surgery after BV discontinuation, trials showed 
very low rates of SAE if a TTS of 5-6 weeks is respected [Table 433 
and Table 533]. The majority of SAE reported are wound healing 
complications (WHC). Bleeding and GI perforation occur 
infrequently41-43,46-48. In most of these trials 30-40% of patients 
undergo major surgery, which suggests the low rate of SAE 
reported should be reliable41-43,46,48-52. For minor surgery, WHC 
are the main issue, but rates are low if BV is discontinued within 
a 10-day peri-operative period53.  

Second, major or emergency surgery during BV-treatment 
seemed to represent a higher risk (SAE 1.3-2.7% vs. 0.0%), but 
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this was rated statistically insignificant49. The SAE incidence 
remained relatively small in this setting, but they could still be 
clinically relevant. Thus, close monitoring of patients undergoing 
surgery under BV is advisable. 

Third, for the start of BV-treatment after major surgery 
few data are available. Small rates of SAE were found, especially 
if a period of minimally 28 days after surgery is respected before 
starting BV49. However, in case of comorbidity or wound-healing 
issues after surgery, the time point for starting BV should be 
individualized to allow more time for wound healing. 
 

Cytoreductive surgery and HIPEC for PC from CRC 
Many of the larger series in literature report on overall 

safety and efficacy of CCRS + HIPEC, including both patients who 
underwent HIPEC with Oxaliplatin as well as patients who 
received HIPEC with Mitomycin C (MMC) in one and the same 
publication4,5,8,54. This might complicate the interpretation and 
comparison of results. The number of papers reporting only on 
CCRS followed by HIPEC with Oxaliplatin is limited and quite 
often include relatively small numbers of patients7,30,55.  
Therefore, we performed a prospective observational Belgian 
multicenter trial to assess the safety and efficacy of HIPEC with 
Oxaliplatin56. Complete cytoreduction (R0/1 or CC-0) was 
achieved in all included patients. There was no 30-day mortality. 
The overall complication rate was 52.1%, with anastomotic 
leakage in 10.4% of patients, bleeding in 6.3% and prolonged 
ileus in 22.9%. Surgical reintervention was needed in 20.8% of 
cases. The median hospital stay was 20 days [range 5-65 days]56. 
These results concur with literature. Elias et al. reported grade 3-
5 SAE in up to 50% of patients who underwent CCRS, resulting in 
CC-0 resection, followed by HIPEC with Oxaliplatin7,55. Larger 
series on CCRS + HIPEC with Oxaliplatin and/or MMC reported 
mortality rates of <1-6%, grade 3-5 SAE rates of 31-66% and 
reintervention in 11-30% of cases4,5,8,57. The anastomotic leakage 
rate is often not clearly specified. Elias et al. reported a 
gastrointestinal tract complications/fistula rate of 9-10%4,5,55. 
Obviously, these high morbidity rates after CCRS+HIPEC imply 
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that patients undergoing such extensive surgery should be well-
selected regarding general PS, as well as extent of disease. 
Before the combination treatment of CCRS + HIPEC became 
available, no long-term survivors were reported for PC of CRC. 
The OS found in this multicenter Belgian registry was 97.9% at 1 
year and 88.7% at 2 years, at a median follow-up of 22.7 months 
[range 3.2-55.7months] [Fig.1A56]. Table 156 gives an overview of 
the available literature on survival data reached with CCRS + 
HIPEC56. If an R0/1 resection can be reached by CCRS, the overall 
survival rates for CCRS + HIPEC are comparable to the 5-year 
overall survival rates of 35-60% reported by several large single- 
and multi-institutional experiences after curative liver resection 
for colorectal liver metastases58-63. This could be considered as 
level 1c evidence for this treatment strategy. 
In the largest HIPEC series reported by Elias et al. positive 
independent prognostic factors identified by multivariable 
analysis were complete debulking, a low peritoneal 
carcinomatosis index (PCI), no invaded lymph nodes and the use 
of adjuvant chemotherapy5. The Belgian registry found a 
significant difference in DFS and OS when PCI is dichotomized 
between patients with PCI≤15 and patients with PCI>15 [Fig.2A56, 
2B56]. This concurs with earlier papers published by Elias and 
Glehen et al.54,64. Furthermore, resection small bowel (p=0.004), 
post-operative extra-abdominal complications (p=0.0005) and a 
lesion size>5cm (p=0.043) were found to be significantly 
correlated with OS56. Due to the low number of deceased 
patients and the low number of patients for some risk factors, 
results for OS need to be interpreted with care. For DFS, there is 
a significant correlation with transfusion (p=0.018) and a trend 
was observed for the resection of small bowel at debulking56.  
 

At present, both Oxaliplatin and MMC are used as 
intraperitoneal chemotherapy agents in HIPEC for PC of CRC. 
Oxaliplatin has become standard systemic treatment in CRC65-68, 
whereas MMC is only used as salvage treatment in advanced 
progressive CRC69-72. The conference on Peritoneal Surface 
Malignancies in Milan in 2006 failed in it’s attempt to reach a 
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methodological consensus on the intraperitoneal drugs to be 
used for HIPEC8, which illustrates the complexity of this topic. 
Oxaliplatin and MMC are both alkylating chemotherapeutic 
agents, interfering with DNA and DNA-synthesis without being 
cell cycle dependant73-75.  Because Oxaliplatin and MMC have a 
large molecular weight (397.3 Dalton and 334.3 Dalton, 
respectively), they can reach high intraperitoneal drug 
concentrations during HIPEC, with limited systemic 
absorption74,76. Furthermore, they have enhanced cytotoxicity 
under hyperthermia and a maximal tissue penetration depth of 
2mm76.  These characteristics make both Oxaliplatin and MMC 
suitable as intraperitoneal agents for HIPEC. The recommended 
intraperitoneal dose for Oxaliplatin is 460mg/m² and perfusion 
time is limited to 30 minutes, whereas the advised dose for MMC 
is 35mg/m² with a perfusion duration of 90 minutes55,76-78. The 
intraperitoneal half-life for Oxaliplatin is 29.5 minutes and 49 
minutes for MMC [Table 479]. In order to potentiate the 
Oxaliplatin activity, patients in the Oxaliplatin-group receive 
intravenous 5-Fluorouracil and Folinic Acid approximately 1 hour 
before starting the HIPEC procedure, to bathe the tumor and 
healthy tissue before HIPEC80. The 5- fluorouracil is administered 
intravenously, because it cannot be mixed with Oxaliplatin inside 
the peritoneal cavity (because of pH incompatibility)81. In 
contrast to MMC, Oxaliplatin it is not stable in chloride-
containing solutions: it can only be administered in a 5% 
dextrose perfusion solution82. This results in biochemical 
disturbances, which are manageable with a compensation of the 
sodium loss into the perfusate and a good control of 
hyperglycemia82,83. Oxaliplatin is easily detectable and therefore 
thouroughly studied for its distribution55,73. Besides an excellent 
regional exposure, high drug concentrations were found in 
colonic tissues73. Elias et al. reported a high uptake of Oxaliplatin 
in local tissues (tumoral tissue and peritoneum) after HIPEC55. 
So far, there are no trials are available in literature, which 
perform a straight-forward comparison of toxicity and survival 
data after CCRS+HIPEC for PC of CRC with Oxaliplatin versus 
MMC as intraperitoneal chemotherapy-agents. Furthermore, 
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there is a wide variation in toxicity as well as survival data [Table 
579 and Table 179] after CCRS+HIPEC for patients with PC from 
CRC due to multiple variations in factors such as HIPEC 
indication, patient selection, extent of disease, completeness of 
cytoreduction2-9,30,31, administration of neo-adjuvant systemic 
chemotherapy3-5,30 and presence of systemic metastases3-5.  
Therefore, we performed a retrospective analysis of 
prospectively gathered data on 2 patient cohorts from 2 
different HIPEC centers, who underwent CCRS+HIPEC with 
Oxaliplatin (39 patients) and MMC (56 patients), respectively79. 
The extent of PC (assessed using the Dutch 7-region count85) was 
found to be the only tumor-related parameter that is 
significantly different between the Oxaliplatin- and MMC-group 
(p<0.004)79. Therefore, it was taken into account in the statistical 
analysis, to enable adequate comparison between the HIPEC 
results in both patient cohorts.  
A 3-year OS of 54.0% was observed for Oxaliplatin-patients and 
3- and 5-year OS for MMC-patients was 41.1% and 25.6%. 
Median OS was 37.1 months [IQR: 22.4-52.8] for Oxaliplatin-
patients and 26.5 months [IQR: 16.9-64.8] for MMC-patients 
(p=0.45)79. The survival analysis (corrected for extent of disease) 
showed curves that appear slightly in favour of the Oxaliplatin-
group, but statistical analysis showed no difference in OS 
(HR=1.37 (95%CI: 0.74-2.54), p=0.32) [Fig.179] and RFS (HR=1.24 
(95%CI: 0.75-2.05), p=0.39) [Fig.279] for the Oxaliplatin- and 
MMC-group79. 
Univariate analysis shows no statistical differences across the 
Oxaliplatin- and MMC-groups for intra-abdominal complications 
(IAC) (p=0.64), extra-abdominal complications (EAC) (p=0.15) or 
the need for surgical reintervention (p=0.51)79 [Table 379]. But, 
after correction of the toxicity data for extent of disease with a 
logistic regression model, there is a higher overall complication 
rate in the MMC-group (OR=2.68 (95%CI: 1.04-6.91), p=0.04), 
with a tendency towards more EAC (OR=2.23 (95%CI: 0.91-5.43), 
p=0.079). The IAC rate remains comparable across groups 
(OR=0.78 (95%CI: 0.30-2.03), p=0.61)79. Literature data on 
morbidity and mortality were already mentioned above. Overall, 
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the occurrence of fistulae after CCRS+HIPEC is reported to be 
17.6% and 10% for MMC and Oxaliplatin, respectively55,75,78,86. 
MMC is known to cause severe neutropenia in 28% of 
patients55,75,78,86. In this paper 26.8% of MMC-patients developed 
to have neutropenia or leucopenia. So despite the very limited 
systemic absorption of intraperitoneal MMC, there must be a 
systemic effect, which is probably due to systemic accumulation. 
This accumulation results not only from systemic absorption, but 
also from the hepatic metabolization of MMC75. For Oxaliplatin 
the predominant route for the elimination is by urinary 
excretion87. When administered systemically, Oxaliplatin is 
known to cause severe neurotoxicity88,89, but no neurotoxicity 
was found in this study79.  
Finally, when the recommended protective garment is used and 
safety considerations are followed MMC90,91  and Oxaliplatin92 do 
not represent a detectable safety hazard to the surgeon or other 
operating room personnel. 
 

Shepherd et al. have shown that transserosal invasion of 
colorectal tumors (T4) was shown to increase the risk for PC 
and/or local recurrence93-96. It would be interesting to assess the 
burden of PC in T4 tumors and the risk for local intraperitoneal 
recurrence as the only site of metastatic disease. This is crucial to 
adequately estimate the potential benefits of HIPEC as an 
adjuvant treatment strategy in T4 patients. Literature on this 
issue is scarce.  
Therefore, we retrospectively analyzed prospectively collected 
data on 379 consecutive patients who underwent elective or 
emergency surgery for colon cancer between January 2004 and 
January 2007 at the department of abdominal Surgery of the 
University Hospitals Leuven97. The relapse analysis was restricted 
to patients with stage II-III colon cancer for whom the data on 
relapse were completely available. Out of 215 patients with 
stage II-III CRC 26 patients (12.1%) developed peritoneal 
metastases [Table 297], which is in agreement with published 
data17,18. Furthermore, a clear and significant (p=0.008) 
correlation was shown between transserosal invasion of colonic 
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cancer (T4) and peritoneal recurrence [Fig.597]. The majority of 
these T4 tumors had a T4a staging [Table 397]. In 5 of 8 T4 tumors 
that developed PC (proportion 0.625, CI [0.245-0.915]), PC was 
the only metastatic site, without synchronous systemic 
metastases. This could implicate that 5 out of the 19 T4 patients 
might eventually benefit from adjuvant HIPEC in order to prevent 
PC. This is 1.3% (5/379) of the total patient population 
presenting with colon cancer97. 
Based on our own retrospective analysis a sample size 
calculation showed that a randomized controlled trial to 
demonstrate the benefit of adjuvant HIPEC in stage II and III T4 
colon cancers, defined as a 50% risk reduction for the 
development of PC without systemic metastases, with a power 
of 80%, would require a sample size of 352 patients. This is an 
impossible task for a single institute. Even with a multicentric 
approach inclusion of 176 stage II-III T4 colonic tumors in each 
trial arm would be an ambitious undertaking97.  
Moreover, there is no adequate diagnostic tool available at 
present to intra-operatively identify tumors with transserosal 
invasion. Noura et al. performed a large prospective trial on 
peritoneal lavage to identify intraperitoneal tumor cells (IPTC), 
which showed that a very large patient cohort is needed to 
identify a very small number of patients (2.2.%) with positive 
cytology98. There are more sensitive IPTC detection methods, 
such as immunocytochemistry99 or RT-PCR100,101 (detection rates 
of 12-47%), but despite this higher sensitivity, the significance of 
IPTC for survival remains unclear. Additionally, the ability to 
estimate the amount of free IPTC might have a higher clinical 
value than the mere detection of their presence98. 
To our knowledge, only one study, performed by Noura et al., 
explored the effects of intraperitoneal chemotherapy (IPC) with 
MMC on the prevention of peritoneal recurrence in CRC in 
patients with positive peritoneal lavage cytology102. IPC appeared 
effective in preventing peritoneal recurrence and prolonging 
cancer-specific survival, with recurrence rates 12.5% in the IPC(+) 
group versus 50% in the IPC(-) group. This difference was rated 
significant, but only a small number of patients was included into 
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the trail over a long time period and the total number of 
recurrences was low102. 
Two important obstacles for “prophylactic“ HIPEC should be 
mentioned: First, HIPEC comes with the price of very high 
morbidity4,55,57,63,74,86,103-105.  Second, in the first 24-72h after 
surgery fibrin tissue will inevitably be formed in the resection 
planes and adhesions will start to develop, thus entrapping any 
free IPTC that might be present in the abdomen and making 
them unattainable for HIPEC. Therefore, pathologic diagnosis of 
transserosal invasion should be made within 24h after resection. 
An alternative to neo-adjuvant HIPEC for T4 tumors could be the 
performance of a second look laparotomy plus HIPEC 1 year after 
resection of the primary tumor for asymptomatic patients at high 
risk of developing colorectal PC as proposed by Elias e al. The 
criteria for high-risk were defined based as: synchronous 
macroscopic PC, synchronous ovarian metastases and 
perforation63,106,107.  

 
Radiofrequency ablation (RFA) for CRLM 

 We performed a review of literature to summarize the 
available data on the application of RFA as a treatment tool for 
CRLM108. The efficacy and reliability of RFA depends mainly on 
the diameter of the targeted lesions, the applied approach 
(surgical or percutaneous) and the distance between the 
targeted lesion and large vessels (because of the heat sink 
phenomenon). Obviously, larger CRLM require overlapping 
treatment zones, i.e. multiple RFA sessions, which makes the 
result less reliable109. RFA for lesions greater than 5 cm in 
diameter is even questionable109,110.  
Furthermore, the experience of the physician performing RFA 
appears to be an important factor109,111, the use of CT or MRI 
guidance improves the accuracy of the treatment110 and newer 
generation probes seem to result in lower local recurrence111. 
Therefore, in some highly specialized centers, a percutaneous 
approach in well-selected patients seems to produce equivalent 
results to liver resection109.  
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For unresectable CRLM, current literature data strongly suggest a 
benefit of any combined modality treatment with RFA over a 
chemotherapy-only approach112,113.  
At present, there is a lack of evidence for the use of RFA as an 
alternative to surgery in patients with resectable CRLM. The 
available data on RFA for small solitary lesions are contradictory 
[Table 2108]108,114. Nevertheless, a shift in patient selection from 
unresectable to resectable CRLM, implying more favorable tumor 
biology, better localization etc, might result in a different (better) 
outcome after RFA for small solitary lesions,. Furthermore, this 
could avoid extended liver resections for small, centrally located 
lesions111,115. Thus, a far larger liver remnant is left in place, 
which leaves more room for retreatment of future local 
recurrences or newly developed CRLM at other sites. 
Because most of the currently available papers compare RFA 
treatment for unresectable CRLM with liver resection for 
resectable CRLM, interpretation of the results in any direction 
remains very difficult and dangerous. The only real solution to 
this persistent deadlock is the design of an RCT on RFA versus 
resection for carefully chosen, resectable, small (≤3 cm), solitary 
CRLM. Several authors have expressed their sincere concerns 
about the dangers of conducting such a trial, as it might 
encourage inappropriate use of RFA by the occasional 
practitioner of thermal tumor ablation116. But the survey of Birth 
et al.117 shows that physicians are already autonomously 
interpreting the available data and, despite the lack of real 
evidence, deciding for themselves to treat selected resectable 
patients with RFA. Thus, if an RCT is not performed soon, it will 
become impossible to determine what is really good clinical 
practice. 
 

The RFA approach might progressively become a less 
interesting discussion point. Basically the indication for each 
approach is a matter of patient selection110. For grossly 
resectable disease with a few unresectable lesions, there might 
be a preference for open RFA (ORFA), whereas for patients with 
unresectable CRLM, who are unfit for major surgery due to 



 

 

236 

extensive comorbidity, a laparoscopic approach (LRFA) should be 
used. Furthermore, the experience of the physician performing 
RFA appears to be an important factor influencing 
outcome109,111. 
We performed a retrospective study including 154 patients to 
compare the morbidty and mortality after LRFA versus ORFA for 
291 hepatic malignancies (81 HCC, 157 CRLM, 53 other)118. The 
LRFA-group was associated with significantly lower intra-
operative blood loss, shorter duration of surgery, fewer 
postoperative complications, and shorter postoperative hospital 
stay (p<0.01). The complications after LRFA were also less severe 
than those in the ORFA-group (p<0.01). However, tumor 
diameter in the ORFA-group was significantly larger as compared 
to that in the LRFA-group [Table 3118 and Table 4118]. 
Nevertheless, when only patients with liver tumors measuring 
≤3cm were evaluated, the original conclusions remained the 
same118.Thus, patients with liver tumors ≤3 cm seem to be 
excellent candidates for LRFA, whereas larger tumors are treated 
preferably via laparotomy because of technical considerations. 
However, this is a non-randomized study, including a small 
number of patients, especially in the subgroup analyses. 
Therefore, larger patient series in RCTs are needed to better 
evaluate LRFA versus ORFA for hepatic malignancies. 

 
In open liver surgery, major blood loss implicates a risk of 

higher morbidity and mortality as well as shorter long-term 
survival119-122. Several measures have been described to reduce 
parenchymal bleeding during the transection phase in open liver 
surgery, including radiofrequency (RF) energy to create a ‘‘zone 
of dessication’’ prior to performing hepatic transection. The 
potential advantages of RF-assisted hepatectomy might be a 
‘‘virtually bloodless’’ procedure, shorter operation time, and 
reduced morbidity119-122. This technique cannot be used close to 
the liver hilum, since heat might traumatize biliary structures 
with subsequent bile leakage and/or abscess formation120-123. 
The RF technique is also unable to control blood vessels 
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measuring larger than 4 mm in diameter, such as hepatic or 
portal vein branches124.  
We performed a prospective study on laparoscopic liver 
resection (LLR) in 45 patients to evaluate the contribution of RF 
energy to the amount of blood loss during minor and major 
laparoscopic hepatectomy125. LLR appears safe and feasible, 
without mortality, and with a morbidity rate of 24% (11/45) 125. 
With a median blood loss of 200 ml [range 5-4000ml], an 
operative duration of 115 minutes [range 45-360 minutes], and a 
length of hospital stay of 7 days [range 3-41 days], the short-
term results concur with literature data126-136. Losing control on 
blood loss is obviously the most important concern for all 
authors reporting on LLR126-130,132,135-140. The only intra-operative  
complication found in our study was bleeding, which was 
registered in 66.7% (6/9) of the major LLR and in 11.1% (4/36) of 
the minor LLR. Significant blood loss occurred from large hepatic 
vessels125. Obviously, this type of bleeding can neither be 
prevented nor managed by using RF energy. RF-assistance during 
parenchymal transection in LLR was not associated with reduced 
intraoperative blood loss, operation time, or complication 
rate125. Only the type of surgical procedure appeared to 
determine significantly the amount of blood loss. No other 
significant correlations were found between the analyzed 
patient, tumor- and surgery-associated variables, and the 
amount of intraoperative blood loss125. The resection margins 
were tumor-free on macroscopic and pathologic examination in 
all resected specimens. The LLR was accomplished according to 
the ‘‘no touch’’ technique, without hand-assistance125. As far as 
postoperative outcome is concerned, the complications 
observed in the present study are comparable with those most 
frequently reported in literature128,130,132,133,135,141,142. The same 
remark can be made for the conversion rate (6.7%)125, as the 
reported conversion rates vary between 0 and 
15.4%126,127,130,132,133,137,143-145. Major intraoperative bleeding 
during LLR will always remain difficult to control laparoscopically, 
even with extensive surgical experience. Therefore, a low 
threshold for conversion to open hepatic resection is indicated. 
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