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Eight years after introducing liver resection at the Oncology
Institute of Vojvodina
Ivan Majdevac1, Nikola Budišin1, Milan Ranisavljević1, Dejan Lukić1, Imre Lovaš1, Nenad Šolajić2

SUMMARY
Background: Hepatectomies are mostly performed for the treatment of hepatic benign or malignant neoplasms, intrahepatic gallstones, or parasitic cysts of the liver. The most common malignant neoplasms of the liver are metastases
from colorectal cancer. Anatomic liver resection involves two or more hepatic segments, while non-anatomic liver
resection involves resection of the metastases with a margin of uninvolved tissue. The aim of this manuscript was to
show results of hepatectomies performed at the Oncology Institute of Vojvodina.
Methods: We performed 133 liver resections from January 1997 to December 2013. Clinical and histopathological data
were obtained from operative protocols, histopathological reports, and patients’ medical histories.
Results: We did 80 metastasectomies, 51 segmentectomies, and 18 radiofrequent ablations (RFA). Average number

of colorectal cancer metastases was 1.67 per patient. We also made 10 left hepatectomies. In all cases, we made
non-anatomic resections.
Conclusion: Decision about anatomic versus non-anatomic resections for colorectal metastasis and primary liver

tumors should be made before surgical exploration. Preservation of liver parenchyma is important with respect to liver
failure and postoperative chemotherapy treatment.
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INTRODUCTION
A good knowledge of the liver anatomy is a prerequisite for modern liver
surgery (1).
The liver is divided into four lobes: right, left, quadrate, and caudate (1-8).
Falciform ligament divides liver into right and left anatomic lobes (anterosuperior surface). On the visceral surface of the liver, the fissures of the
ligamentum venosum and ligamentum teres provide the demarcation.
The right and left lobes of the liver are of equal size (9). The plane of
division is not the falciform ligament but a plane passing through the bed
of the gallbladder and the notch of the inferior vena cava (IVC). Based on
arterial blood supply, portal venous blood supply, biliary drainage, and
hepatic venous drainage, the liver is divided into functional lobes and
segments (I-VIII). The best-known and most widely employed concepts
of hepatic segmentation are those by Couinaud (1954) (10).
Hepatectomies were mostly performed for the treatment of hepatic neoplasms (benign or malignant), intrahepatic gallstones or parasitic cysts
of the liver. Colorectal cancer (CRC) metastases are the most common
malignant neoplasm of the liver, and hepatocellular carcinoma (HCC) is
the most common primary malignant tumor of the liver (10-16).
Preoperative neoadjuvant chemotherapy, based mainly on 5-fluorouracil,
enables most patients suitable for resection (12). Preoperative chemotherapy, pre-existing liver disease, tumor burden, and risk of recurrence
will affect the extent of liver resection (13-19).
Van der Pool and colleagues demonstrated that repetition of local treatment (non-anatomic resection, radiofrequency ablation, or stereotactic
radiation) due to recurrence of intrahepatic disease with local therapies
could be performed safely and with good median overall survival (37
months). An overall 5-year survival rate was 35% in their series (20).

Increasing variety of tools used in liver resection has especially been represented in the field of parenchymal transaction and ablation. The methods range from basic finger or clamp fracturing of the tissue to devices
based on more complex technology, such as ultrasonic or radiofrequency
energy, water jet and tissue-sealing devices, and surgical staplers. These
instruments help to reduce blood loss and transfusion requirements, and
postoperative complications associated with each. The use of one tool
over the others will vary according to the type of resection. It is important
to be familiar with many strategies and be able to apply them in the most
appropriate setting (21-26).
The aim of this study was to show the results of hepatectomies performed at the Oncology Institute of Vojvodina.

PATIENTS AND METHODS
This retrospective study comprised the period from January 1997 to
December 2013. All surgical procedures were performed at the surgical
department of the Oncology Institute of Vojvodina. In specified period, we
did 133 liver resections.
Sixty-three percent of patients was male, and 37% was female. Average
age of patients was 58.3 years (range: 47 to 73 years).
Clinical and pathological data were obtained from operative protocols,
histopathological reports, and patients’ medical histories. Publication of
these results was approved by Ethics committee of the Oncology Institute
of Vojvodina.
Preoperative explorations included clinical examination, ultrasonography or
abdominal computerized tomography (CT), and in some cases intraoperative
ultrasonography and whenever required magnetic resonance imaging (MRI).
Indications for resection were primary or secondary liver tumors in all patients.
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The liver was approached either through right subcostal or medial incision. Liver transection was performed using an ultrasonic dissector
(Ethicon Endo-Surgery, Cincinnati, OH, USA), water jet (ERBEJET 2, ERBE
USA Inc, Marietta, GA, USA), and/or RFA (Habib 4X, Angiodynamics,
Queensbury, NY, USA).

RESULTS
The liver was approached through right subcostal incision in 92 patients
(69.2%) and in 41 patients (30.8%), medial incision approach was made.
The most common indications for hepatic resection were metastases
from colorectal cancer followed by primary hepatic tumor. Eightynine patients (54.60%) were with CRC metastases and 18 had HCC.
Re-resection after primary resection of CRC metastases was made in
11.04% of patients (Figure 1).

Table 1. Primary site of colorectal cancer
Tumor site
Right colon
Transversal colon
Left colon
Sigmoid colon
Rectum
Total

Number (%)
12 (13.48)
5 (5.62)
9 (10.11)
21 (23.60)
42 (47.19)
89 (100)

Table 2. Localization of colorectal metastases in liver by segments
Liver
segments
I
II
III
IVa
IVb
V
VI
VII
Total

Metastasectomy Segmentectomy Radio frequent
No (%)
No (%)
ablation
No (%)
0 (0)
0 (0)
0 (0)
11 (7.38)
4 (2.68)
2 (1.34)
6 (4.03)
4 (2.68)
1 (0.67)
7 (4.70)
2 (1.34)
2 (1.34)
8 (5.37)
3 (2.01)
2 (1.34)
14 (9.40)
12 (8.05)
3 (2.01)
17 (11.41)
17 (11.41)
5 (3.36)
17 (11.41)
9 (6.04)
3 (2.01)
80 (53.69)
51 (34.23)
18 (12.08)

Total
No (%)
0 (0)
17 (11.41)
11 (7.38)
11 (7.38)
13 (8.72)
29 (19.46)
39 (26.17)
29 (19.46)
149 (100)

DISCUSSION
Figure 1. Origin of liver metastases

The most common CRC metastases originated from rectal cancer
(47.19%) (Table 1).
Majority of metastases were localized in the VI segment of the liver. We
did 80 metastasectomies, 51 segmentectomies, and 18 RFA resections
of liver. Average number of CRC metastases was 1.67 per patient (Table
2). We also made 10 left hepatectomies.

A

Two thirds of patients included in this study were middle-aged men. We
approached the liver through right subcostal incision in the majority of
patients, which is in accordance with other authors (1-8, 12-26). In
our study, the most common indication (89 out of 113 patients) for liver
resection were metastases from colorectal cancer. There were only eighteen patients with hepatocellular carcinoma.
Some patients with CRC liver metastases were initially considered
unsuitable for radical liver surgery in our study. After neoadjuvant chemotherapy, these patients were able to undergo potentially curative surgery.

B

C

Figure 2. Liver after resection of CRC metastases (A) and CRC metastases ex vivo (B). Histopathological findings (C) - dense lymphocytic infiltrate along the border
between normal liver tissue and tumor tissue (hematoxylin and eosin, 40x).

A

B

C

Figure 3. Hepatocellular carcinoma in non-cirrhotic liver (A) and after liver resection (B). Histopathological findings (C) - tumor cells (left) show a low level of cytologic
atypia compared to the preserved hepatocytes (hematoxylin and eosin, 200x).
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That combined approach has been reported in many studies (2-4, 12,
13, 17, 18). It is therefore important to reconsidering liver resection in all
patients who are at first not candidates for primary surgical excision, but
who respond well to chemotherapy. Among the patients with colorectal
liver metastases, resection is the only treatment offering a chance of
long-term survival (20).
An important decision in any liver resection is to choose the amount of
parenchyma to be removed. Anatomic resections involve two or more
hepatic segments, while non-anatomic resection involves resection of the
metastases with a margin of uninvolved tissue (3).
In our study, CRC metastases were mostly localized in the VI liver segment. Huges et al. have reported similar results (13). We performed 80
metastasectomies, 51 segmentectomies and 18 RFA resections of liver.
Average number of CRC metastases per patient was 1.67. In addition, we
made 10 left hepatectomies (segments I and II of the liver).
For liver resection, we used three methods: water jet, harmonic scalpel,
and radio frequent ablation. In some cases were combined two methods
in liver resection.
The harmonic scalpel procedure is associated with decreased operative
time and a trend toward decreased blood loss and transfusion requirement. However, it is also associated with a frequent increase of postoperative bile leaks (21, 22).
The radiofrequency probe causes a greater amount of tissue necrosis
than the other techniques, which may lead to the infectious complications. In addition, theoretically, there is a potential for thermal insult to
major biliary structures. Radiofrequency ablation is generally reserved for
ablating liver tumors that are unresectable. However, it is not effective in
tumors next to portal vessels due to the heat sink cause by blood flow.
The liver parenchyma in these situations will not be high enough to cause
the coagulation necrosis of the tumor (14, 15, 24).
Water-jet dissection technique employs a high-pressure water jet to break
apart the liver tissue and selectively isolate small vascular and biliary
structures, potentially decreasing the blood loss. These vessels and
ducts must then be ligated and divided individually according to preference. It is that necessary second step that may put this technique at a
time disadvantage to others, which offer simultaneous transection and
hemostasis. Additionally, this technique spares the surrounding tissue
from any thermal damage.
Several studies have shown that patients with small resectable tumors,
who had not cirrhosis or other serious health problems, were likely to do
well if their cancers were removed. Their overall 5-year survival was over
50%. For people with early-stage liver cancers who were able to have a
liver transplant, the 5-year survival rate was in the range of 60% to 70%
(12-20).
In summary, the success of liver surgery is owed not only to improved
transection techniques, but also to advances in perioperative/postoperative care and anesthesia. Decisions about anatomic versus non-anatomic
resections for colorectal metastasis and primary liver tumors should be
made before surgical exploration. Also liver parenchyma preservation is
important, since many patients will receive postoperative chemotherapy
and risks of liver failure are much higher. A frequent use of one technique
allows a surgeon to become comfortable in that method, and because

of that, number of complications rapidly decreases. It is important that
surgeons understand the risks, benefits, and costs of various surgical
approaches of liver resection for colorectal metastases and primary liver
tumors. In an era where focus is placed on cost savings in medicine,
comparing the cost benefit of the different techniques in liver resection will
play an important role in how we can manage these patients.
Conflict of Interest
We declare no conflicts of interest.
REFERENCES
1 Bismuth H. Surgical anatomy and anatomical surgery of the liver. In: Blumgart LH,
editor. Surgery of the liver and biliary tract. Edinburgh (UK): Churchill Livingstone;
1988. p. 3–10.
2 Bismuth H, Adam R, Levi F, Farabos C, Waechter F, Castaing D, et al. Resection
of Non-resectable Liver Metastases from Colorectal Cancer After Neoadjuvant
Chemotherapy. Ann Surg. 1996;224(4):509-22.
3 Adam R, Avisar E, Ariche E, Giachetti S, Azoulay D, Castaing D, et al. Five-Year
Survival Following Hepatic Resection AfterNeoadjuvant Therapy for Non-resectable
Colorectal [Liver] Metastases. Ann Surg Oncol. 2001;8(4):347–53.
4 Marrero AM, Prasad M, Blumgart LH, Brennan MF. Liver Resection for Colorectal
Metastases. JCO. 1997;15(3):938-46.
5 Iwatsuki S, Esquivel CO, Gordon RD, Starzl TE. Liver resection for metastatic
colorectal carcinoma. Surgery. 1986;100(4):804–10.
6 Bismuth H, Chiche L, Adam R, Castaing D, Diamond T, Dennison A. Liver resection versus transplantation for hepatocellular carcinoma in cirrhotic liver. Ann
Surg. 1993;218(2):145–51.
7 Aragon RJ, Solomon NJ. Techniques of hepatic resection. J Gastrointest Oncol.
2012;3:28-40.
8 Twelfth International Congress of Anatomists [London, 1985]. Nomina anatomica.
3rd edition. Edinburgh (UK): Churchill Livingstone; 1989.
9 Rex H. Beitrage sur Morphologie der Saugerleber. Morphol Jahrb. 1888;14:517.
10 Couinaud C. Lobes et segments hepatiques: note sur l’architecture anatomique et
chirurgicale du foie. Presse Med. 1954;62:709.
11 Goldsmith NA, Woodburne RT. Surgical anatomy pertaining to liver resection. Surg
Gynecol Obstet. 1957;105:310.
12 Gold JS, Are C, Kornprat P, Jarnagin WR, Gönen M, Fong Y, et al. Increased use of
parenchymal-sparing surgery for bilateral liver metastases from colorectal cancer is
associated with improved mortality without change in oncologic outcome: trends in
treatment over time in 440 patients. Ann Surg. 2008;247:109-17.
13 Hughes KS, Rosenstein RB, Songhorabodi S, Adson MA, Ilstrup DM, Fortner JG, et
al. Resection of the liver for colorectal carcinoma metastases. A multi-institutional
study of long-term survivors. Dis Colon Rectum. 1988;31:1–4.
14 Weber JC, Navarra G, Jiao LR, Nicholls JP, Jensen SL, Habib NA. New technique
for liver resection using heat coagulative necrosis. Ann Surg. 2002;236(5):560–3.
15 Belghiti J, Hiramatsu K, Benoist S, Massault PP, Sauvanet A, Farges O. Seven
hundred forty-seven hepatectomies in the 1990s: an update to evaluate the actual
risk of liver resection. J Am Coll Surg. 2000;191(1):38–46.
16 Ringe B, Pichlmayr R, Wittekind C, Tusch.G. Surgical treatment of hepatocellular
carcinoma: Experience with liver resection and transplantation in 198 patients.
World J Surg. 1991;15(2):270-85.

www.onk.ns.ac.rs/Archive Vol 21, No. 3-4, December 2013

103

Articles
17 Fong Y, Fortner J, Sun RL, Brennan MF, Blumgart LH. Clinical score for predicting
recurrence after hepatic resection for metastatic colorectal cancer: Analysis of
1001 consecutive cases. Ann Surg. 1999;230(3):309-18.
18 Figueras J, Torras J, Valls C, Llado L, Ramos E, Marti-Ragué J, et al. Surgical
resection of colorectal liver metastases in patients with expanded indications: A
single-center experience with 501 patients. Dis Col Rect. 2007;50(4): 478-88.
19 Folprecht G, Grothey A, Alberts S, Raab HR, Kohne H .Neoadjuvant treatment of
unresectable colorectal liver metastases: correlation between tumour response and
resection rates. Ann Oncol. 2005;16:1311–9.
20 van der Pool AE, Lalmahomed ZS, de Wilt JH, Eggermont AM, Ijzermans JM,
Verhoef C. Local treatment for recurrent colorectal hepatic metastases after partial
hepatectomy. J Gastrointest Surg. 2009;13:890-5.
21 Gurusamy KS, Pamecha V, Sharma D, Davidson BR. Techniques for liver parenchymal transection in liver resection. Wiley online library. Cochrane Database Syst
Rev. 2009;(1).
22 Fan ST, Lai EC, Lo CM, Chu KM, Liu CL, Wong J. Hepatectomy with an ultrasonic
dissector for hepatocellular carcinoma. Br J Surg. 1996;83:117-20.
23 Saiura A, Yamamoto J, Koga R, Sakamoto Y, Kokudo N, Seki M, et al. Usefulness
of LigaSure for liver resection: analysis by randomized clinical trial. Am J Surg.
2006;192:41-5.
24 Lupo L, Gallerani A, Panzera P, Tandoi F, Di Palma G, Memeo V. Randomized clinical
trial of radiofrequency-assisted versus clamp crushing liver resection. Br J Surg.
2007;94:287-91.
25 Rau HG, Duessel AP, Wurzbacher S. The use of water-jet dissection in open and
laparoscopic liver resection. HPB (Oxford). 2008;10:275-80.
26 Rahbari NN, Elbers H, Koch M, Bruckner T, Vogler P, Striebel F, et al. Clamp-crushing
versus stapler hepatectomy for transection of the parenchyma in elective hepatic
resection (CRUNSH) - a randomized controlled trial (NCT01049607). BMC Surg.
2011;11:22.

104

www.onk.ns.ac.rs/Archive Vol 21, No. 3-4, December 2013

