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A B S T RAC   T
BACKGROUND: More than 50% of patients with colorectal cancer (CRC) present or develop hepatic metastases (HM). 
The intraoperative use of the Habib 4X® radio frequency probe device is safe in resetting HM and allows a one-stage 
resection of both CRC and HM with a similar mortality rate than a two-stage surgical treatment.
METHODS: After an exhaustive residential training at the reference center for hepato-biliary surgery of the Imperial Col-
lege of London, we treated at our unit of general surgery 40 consecutive patients with CRC and HM with the one-stage 
resection, using the Habib 4X® intraoperative radiofrequency probe device to reset HM.
RESULTS: None of the 40 patients died during the intra-operatory and post-operatory periods, none presented liver fail-
ures during the postoperative course nor complication related to the Habib’s resection procedure (e.g. bleeding, abscess, 
bile leak). The amount of intra-operative liver bleeding was minimal. New HM arose in 10 (25%) cases, with a mean 
disease-free interval of 13 months, but the hepatic tissue close to previous resections remained cancer-free. The 69.7% of 
patients were disease-free at month 24 of the post-operative follow-up and 5-year rate was about 70%.
CONCLUSIONS: The data suggest that surgeons well trained at a reference center for hepato-biliary surgery may per-
form with excellent results the one-stage CRC and HM resection with the Habib 4X® device even in a Unit of general 
surgery.
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More than 50% of patients with colorectal 
cancer (CRC) develop hepatic metastases 

(HM) overtime1, 2 and 30-50% of them show 
synchronous hepatic secondaries at first observa-
tion.3

In such cases surgery is the treatment of 
choice, when feasible, since it provides an ac-

ceptable disease-free interval and good survival.4 
Until 2008 surgeons did not normally perform a 
one-stage resection of CRC and synchronous 
HM,5 but two stages sequential treatment was 
usually preferred6 to avoid an increase in surgi-
cal time, mortality risk and prolonged recovery.

The improvement in surgical techniques and 
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residual healthy liver tissue after liver resection 
of at least 70% and an ASA grade I-III (Table I, 
II). Exclusion criteria included the involvement 
of hilar lymph nodes and presence of general 
contraindications to major surgery like severe 
coronary heart disease, reduced general constitu-
tion, severe chronic obstructive pulmonary dis-
ease, peritoneal carcinomatosis and colonic per-
foration.8 Patients were also tested for HBsAg, 
anti-HCV, total anti-HBc, and anti-hepatitis B 
surface antibody (HBs) using specific commer-
cial immunoenzymatic assays.9-17

Each patient signed an informed consent to the 
surgical intervention and gave the permission to 
collect and use anonymously their clinical data 
for scientific investigation and publication.

In each case HM, resection was performed 
immediately after colectomy using the bipolar 
radiofrequency device the Habib 4x® probe for 
metastasectomy and/or partial or wedge liver 
resection.18-24 This technique implies the iden-
tification of hepatic hilum, the preventive ap-
plication of vessel loop, avoiding the Pringel’s 
maneuver (only in the initial period because after 
the first 10 patients we didn’t perform preven-
tive application of vessel loop on hepatic hilum 
any more) and intraoperative US to localize and 
characterize HM, tattooing of the liver with an 
electric scalpel including a margin of at least 1 
cm of healthy tissue (Figure 1); the electrodes 
were then inserted in the liver (Figure 2), first in 
two rows parallel to the guide and afterwards in 
one row perpendicular to the first two. Once the 
probe was introduced, the electrodes were acti-
vated to determine a controlled area of coagu-
lative necrosis involving blood vessels and bile 
ducts. Finally, the necrotic areas were resected 
by a scalpel blade and removed (Figure 3, 4).25

The operative time, perioperative blood loss, 
and intra- and postoperative complications were 
all registered (Table III). The disease-free surviv-
al (DFS) and the overall 2 and 5-year-survival 
rate were evaluated in relation with the onco-
logic results.

Results

The 40 patients enrolled in the present study 
had a median age of 57 years (range 48-74), and 

the availability of new technologies, along with 
better pre- and postoperative care, allow per-
forming the one-stage resection of both CRC and 
HM with oncologic results like those provided by 
the two-stage surgical treatment. Compared with 
the two-stage resection the one-stage procedure 
offers several advantages, even more if a specific 
device like Habib 4X® is used. The advantages of 
one stage resection adopting Habib’s procedure 
are: a single anesthesiologic procedure, con-
siderable reduction in perioperative blood loss, 
no post-operative liver abscess, decreased bile 
leaks, less use of materials such as clips, sutures, 
topical sealants, a reduced liver mobilization, the 
possibility of avoiding Pringel’s maneuver, an 
overall reduction in operating time and a signifi-
cant reduction in intensive care units (ICUs) stay 
and in global hospitalization times.

This paper describes the feasibility and the 
outcome of the one-stage resection of CRC and 
HM performed in 40 consecutive patients treated 
at our surgical unit with the use of the intraopera-
tive Habib 4X® radio frequency probe device.

Materials and methods

From 2009 to 2013, 40 consecutive patients with 
CRC and HM were treated with open one-stage 
surgical resection at our General Surgery Unit, 
Department of Advanced Biomedical Sciences, 
University of Naples Federico II, Naples, Italy.

At the time of first observation, all patients 
signed an informed consent to undergo the pre-
operative procedures and cooperated with the in-
vestigators to fill-out a pre-coded questionnaire 
including demographics, presence of co-mor-
bidities and ASA grade. The pre-operative pro-
cedures included laboratory basic analyses, liver 
function tests, oncological markers, GI endosco-
py, colonoscopy, abdomen ultrasound, abdomen, 
and pelvic contrast CT scan and, for rectal cancer 
patients, endoscopic US were also performed. In 
selected cases we performed also whole-body 
CT scan, CT/PET scans, MRI, contrast-enhanced 
liver ultrasound.7

After this preoperative stage, 40 patients 
matched the following inclusion criteria: age >18 
years, presence of a primary CRC and of 1-3 HM 
(even in two lobes) sized <5 cm with a presumed 
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blood loss, duration of hospitalization and in-
tra- and postoperative complications between 
patients with colon cancer and those with rectal 
cancer were small and not significant to statisti-
cal analysis (Table III). No complication related 

57.5% of them were males. Of these 40, 4 had 
ASA grade I (10%), 20 (50%) ASA grade II and 
16 (40%) ASA grade III; 25 (62,5%) of them pre-
sented co-morbidities (Table II).

As for CRC resection, 14 (35%) patients un-
derwent right colectomy, 12 (30%) sigmoid col-
ectomy, 9 (22.5%) left colectomy and 5 (12.5%) 
anterior rectum resection (Table IV). While the 
surgical choice for HM resection has been as fol-
lows, 15 (37.5%) wedge resections, 12 (30%) 
segmentectomies, 10 (25%) metastasectomies, 
and 3 (7.5%) left lobectomies (Table V).

The differences in operative time, operative 

Table I.—��CRC and HM side.

Patients
CRC and HM side

Side of 
CRC

HM hidden 
segment size (cm) Stage

1. Right VI and VII 3 and 3 T2N1M1
2. Left VI 3 T3N1M1
3. Sigmoid VII 3 T3NOM1
4. Right II and III 1.5 and 2.5 T3NOM1
5. Sigmoid III 2 T4N1M1
6. Left II 1,2 T2NOM1
7. Sigmoid IV 4 T3N1M1
8. Rectum VI and VII 3 and 4.5 T2N1M1
9. Right VI- 3,5 T1NOM1
10. Sigmoid VII 4 T2NOM1
11. Sigmoid IV and V 2 and 4 T3NOM1
12. Rectum IV 2,5 T2N1M1
13. Right V 3.5 T1NXM1
14. Left VIII and IV 4 and 2 T3N1M1
15. Sigmoid VIII 4 T2NOM1
16. Right IV 2 T3NOM1
17. Right III 3 T1NOM1
18. Sigmoid III 2.5 T2N1M1
19. Sigmoid VIII 5 T3N1M1
20. Rectum IV 2.5 and 1 T3NOM1
21. Right IV 2.5 T3NOM1
22. Left IV 3 T4N1M1
23. Sigmoid VII and II and III 4.5 and 2.4 and 1 T2NOM1
24. Rectum VI 3.5 T3N1M1
25. Right VII and VI 3 and 3 T2N1M1
26. Left VII 3 T1NOM1
27. Sigmoid VI 3 T2NOM1
28. Right VII 3,5 T3NOM1
29. Right II 5 T2N1M1
30. Left III 3 T1NXM1
31. Sigmoid V and IV 1.5 and 3 T3N1M1
32. Right IV 2,5 T2NOM1
33. Right VI 2 T3NOM1
34. Left III and VII 0.4 T1NOM1
35. Left VII 0.9 T2N1M1
36. Rectum III and V and VII 1 and 1 T3N1M1
37. Right II and V and VII 1 and 1 T3NOM1
38. Left V and VII 1 and 3 T3NOM1
39. Sigmoid V and IV 2 and 3.5 T4N1M1
40. Right VI and VII 3 and 3 T2NOM1

Table II.—��Characteristics of 40 Italian patients who 
underwent a one-step CRC and HM resection.
Data Number (%)
Nationality

Italian 40 (100)
Mean age

Years (range) 57 (48-74)
Gender

Male
Female

23 (57.5)
17 (42.5)

ASA Score
I 4 (10)
II 20 (50)
III 16 (40)

Comorbidities 25 (62.5)
Cardiovascular disease
(hypertension, heart attack) 11 (27.5)
Diabetes mellitus 1 (2.5)
Other malignancies 2 (5)
Respiratory disease 7 (17.5)
Hypercholesterolemia 4 (10)
Alcohol intake >2 drinks a day 4 (10)
Injective drug users 0

Figure 1.—Electric scalpel tattoo of affected liver area.
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to the Habib’s resection procedure (e.g. bleeding, 
abscess, bile leak, late hepatic failure) had oc-
curred and the overall intraoperative and postop-
erative complication rate did not differ from that 
reported in literature for the two-stage CRC and 
HM resection.18, 24, 26-28 In addition, the operating 
time and the intraoperative blood loss registered 
in our series (Table III) did not significantly dif-

Figure 2.—The Intraoperative application of Habib® 4X 
Probe.

Figure 3.—Hepatic section.

Figure 4.—Removed specimen.

Table III.—��Morbidity and mortality.

Intraoperative blood loss (cc)
Mean increase in 
operative time for 
metastasectomy

(minutes)*
Mortality Mean hospitalization 

time (days)

Colon (35 cases) 120 mL (range 80-320 cc) 20 (15-30) 0 11
Rectum (5 cases) 200 cc (range 100-400 cc) 20 (15-30) 0 12
*The procedure duration was longer during the first years of our study and for multiple lesions.

Table IV.—��Surgical resection of CRC in 40 patients.
Number %

Colorectal cancer
Surgical option

Right colectomy 14 35%
Left colectomy 9 22.5%
Sigmoid colectomy 12 30%
Rectum anterior resection 5 12.5%

Table V.—��Surgical option for HM resection in 40 pa-
tients.

Number %
HM of CRC patients

Surgical option
Segmentectomy 12 30%
Wedge resection 15 37.5%
Lobectomy (left) 3 7.5%
Metastasectomy 10 25%
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perform and safe in our hand. We mostly appre-
ciated that in the Habib’s Procedure hemostasis 
is achieved without Pringle’s maneuver, which 
avoids prolonged and uncontrolled hypoxia po-
tentially inducing an acute liver failure as well as 
an intestinal mucosal edema, anastomotic leak-
ages, bacterial translocation and liver abscesses.

It is common opinion that the excellent re-
sults of the Habib procedure are based on vari-
ous factors such as the effective hemostasis, the 
possibility of atypical or minimal resections, the 
favorable possibility of avoiding the Pringle ma-
neuver, the possibility of preserving an important 
portion of the liver parenchyma and therefore to 
minimize the onset of liver failure. In addition, 
the use of the Habib procedures in the one-stage 
CRC and HM treatment provides other signifi-
cant advantages we mentioned above in the In-
troduction Section.42

The exhaustive training at Imperial College 
London has led us to achieve a great experience 
in the one-stage CRC and HM treatment with 
the Habib’s Procedure, as shown by the results 
of this study: no intraoperative hepatic complica-
tions nor mortality, small not significant increase 
in operating time as compared with colectomy, 
minimal liver bleeding, an overall intraoperative 
blood loss similar to the standards reported for 
colectomy and never exceeding 200 mL.43-47 In 
addition, no liver failure nor mortality occurred 
during the postoperative course and the oncolog-
ic outcome was like that reported for CRC resec-
tion.24, 27, 34, 38 There valuable advantage of the 
Habib’s procedure are the possibility to perform 
atypical resections and the easiness in obtain-
ing and removing necrotic cancer wedges with 
tumor-free margins.48 The results of our study 
combined with technological progress allows the 
hypothesis that one stage resection is possible 
also in mini invasive surgery.49, 50

Conclusions

The adoption of the Habib’s procedure in the 
one-stage CRC and HM surgical treatment was 
successful in all 40 treated cases. In fact, no in-
traoperative or postoperative death had occurred. 
The complication rate was comparable to that re-
ported in literature for the two-stage sequential 

fer from that reported in literature for CRC resec-
tion.18, 24, 26-28

The 69.7% of the 40 treated patients remained 
disease-free throughout the 2-year follow-up; 
new HM arose only in 10 cases (25%), with a 
mean disease-free interval of 13 months, but 
the hepatic tissue close to previous resection re-
mained cancer-free. The overall 2 year-survival 
rate at month 24 was 85%; 3 patients died of can-
cer progression, one of ischemic heart disease, 
one of chronic obstructive pulmonary disease 
present at the time of first observation and one of 
complications of chemotherapy.29-31 We have a 
complete 5-year-follow-up for all the 40 patients. 
During the follow up period between 2 and 5 
years other 6 patients died for disease progres-
sion, those patients where all included among 
them who at 2 year follow-up already showed the 
arising of new HM. Finally, the overall 5 year-
survival rate at is about 70%.

Discussion

Although no clear suggestions come from inter-
national guidelines on which clinical conditions 
require simultaneous CRC and HM resection 
instead of two-stage resection (as above), some 
studies point out that surgeons generally prefer 
the one-stage resection both in case of right colon 
cancer and small HM,32, 33 or in the case of rectal 
cancer and HM24, 27, 32, 34or even in the presence 
of massive HM.35-37 Indeed, the complication 
rates reported in different studies is quite simi-
lar for the one-stage and the two-stage CRC and 
HM resection.38, 39 Furthermore, some authors 
point out that excellent results in the simultane-
ous resection of CRC and HM are obtained by 
surgeons well-trained in reference centers for 
hepatobiliary surgery.32, 40, 41

Our surgical unit, although strongly interested 
in hepatobiliary surgery, has not had a high vol-
ume of surgical interventions in this sector until 
2009 and consequently until then the treatment 
of CRC with HM was performed in two stages, 
resection of CRC before and radiofrequency 
for HM after.35 Subsequently, after an exhaus-
tive residential training at the liver surgery at 
the hepato-biliary unit of the Imperial College 
London, the Habib’s Procedure resulted easy to 
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patients experiencing an immunodepression condition. Infez 
Med 2013;21:296–301.
10.  Tonziello G, Pisaturo M, Sica A, Ferrara MG, Sagnelli 
C, Pasquale G, et al. Transient reactivation of occult hepatitis 
B virus infection despite lamivudine prophylaxis in a patient 
treated for non-Hodgkin lymphoma. Infection 2013;41:225–9. 
11.  Coppola N, Pisaturo M, Guastafierro S, Tonziello G, Sica 
A, Iodice V, et al. Increased hepatitis C viral load and reac-
tivation of liver disease in HCV RNA-positive patients with 
onco-haematological disease undergoing chemotherapy. Dig 
Liver Dis 2012;44:49–54. 
12.  Coppola N, Pisaturo M, Guastafierro S, Tonziello G, Sica 
A, Sagnelli C, et al. Absence of occult hepatitis C virus infec-
tion in patients under immunosupressive therapy for oncohe-
matological diseases. Hepatology 2011;54:1487–9. 
13.  Ciccozzi M, Lai A, Zehender G, Borsetti A, Cella E, Ci-
otti M, et al. The phylogenetic approach for viral infectious 
disease evolution and epidemiology: an updating review. J 
Med Virol 2019;91:1707–24. 
14.  Sagnelli C, Uberti-Foppa C, Bagaglio S, Cella E, Scola-
macchia V, Hasson H, et al. Molecular epidemiology of HIV-1 
infection in immigrant population in northern Italy. Epidemiol 
Infect 2020;148:e19. 
15.  Merli M, Frigeni M, Alric L, Visco C, Besson C, Man-
nelli L, et al. Direct-Acting Antivirals in Hepatitis C Virus-
Associated Diffuse Large B-cell Lymphomas. Oncologist 
2019;24:e720–9. 
16.  Sagnelli C, Pisaturo M, Calò F, Martini S, Sagnelli E, 
Coppola N. Reactivation of hepatitis B virus infection in pa-
tients with hemo-lymphoproliferative diseases, and its pre-
vention. World J Gastroenterol 2019;25:3299–312. 
17.  Sagnelli C, Sagnelli E. Towards the worldwide eradi-
cation of hepatitis B virus infection: A combination of pro-
phylactic and therapeutic factors. World J Clin Infect Dis 
2019;9:11–22. 
18.  Vavra P, Nowakova J, Ostruszka P, Hasal M, Jurcikova J, 
Martinek L, et al. Colorectal cancer liver metastases: laparo-
scopic and open radiofrequency-assisted surgery. Wideochir 
Inne Tech Malo Inwazyjne 2015;10:205–12. 
19.  Zacharoulis D, Khorsandi SE, Vavra P, Dostalik J, Na-
varra G, Nicholls JP, et al. Pilot study for a new bipolar radio-
frequency ablation/aspirator device in the management of pri-
mary and secondary liver cancers. Liver Int 2009;29:824–30. 
20.  Buell JF, Cherqui D, Geller DA, O’Rourke N, Iannitti 
D, Dagher I, et al.; World Consensus Conference on Lapa-
roscopic Surgery. The international position on laparoscopic 
liver surgery: the Louisville Statement, 2008. Ann Surg 
2009;250:825–30. 
21.  Hsu CW, King TM, Chang MC, Wang JH. Factors that in-
fluence survival in colorectal cancer with synchronous distant 
metastasis. J Chin Med Assoc 2012;75:370–5. 
22.  Sica A, Casale B, Dato MT, Calogero A, Spada A, Sa-
gnelli C, et al. Cancer and not cancer related chronic pain: 
from the physiopathological bases to the management. Open 
Med (Wars) 2019;14:761–6. 
23.  Pai M, Navarra G, Ayav A, Sommerville C, Khorsandi 
SK, Damrah O, et al. Laparoscopic Habib 4X: a bipolar radio-
frequency device for bloodless laparoscopic liver resection. 
HPB (Oxford) 2008;10:261–4. 
24.  Habib NA, Koh MK, Zografos G, Awad RW, Bottino G. 
Elective hepatic resection for benign and malignant liver dis-
ease: early results. Br J Surg 1993;80:1039–41. 
25.  Stavrou GA, Tzias Z, von Falck C, Habib N, Oldhafer KJ. 
Hepatic resection using heat coagulative necrosis. First report 
of successful trisegmentectomy after hypertrophy induction. 
Langenbecks Arch Surg 2007;392:95–7. 

treatment. HM has also been removed from oth-
erwise difficult to reach segments without mas-
sive resection, significant areas of healthy liver 
parenchyma were saved and, as compared with 
the two-stage CRC and HM resection, the overall 
operative time and hospital stay were reduced.

Although several Authors have suggested to 
perform the one-stage CRC and HM resection 
in high volume hepato-biliary Centers, our data 
suggest that surgeons well-trained at a referral 
high volume hepato-biliary center may obtain 
excellent results even in surgical centers with 
a low/moderate hepato-biliary volume using a 
careful selection of patients and the Habib 4x de-
vice for HM resection. The results of our study 
moreover suggested that at nowadays, after an 
intensive residential training in high volume cen-
ters, and in consideration of continuous techno-
logical progression and consequential mini inva-
sive procedures, one stage CRC and HM resec-
tion will be possible in surgical units who are not 
high volume for hepatic surgery also with a mini 
invasive approach.
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