
INTRODUCTION

In the beginning of 21st century, liver resec-
tion became a reasonable, safe and effective surgi-
cal procedure used for treatment of benign lesions
and malignant tumors of the liver and biliary tract
(1‡3). Advances in surgical techniques and incre-
ase in indications for liver resection have resulted
in an over growing number of liver resections. Half
a century of detailed study of the anatomy of the
liver has helped to build up a more profound
knowledge of liver anatomy, while the introduction
of intraoperative ultrasound has enabled surgeons to
view through the liver, helping them to determine

real anatomy of the patient’s liver, detect lesions
that are undetectable by percutanous US or CT scan
and to determine the extent of tumour invasion (3).
Liver transplantation techniques have given sur-
geons new experiences concerning mobilisation,
vascular occlusion and extreme liver surgery proce-
dures. New technology with different kinds of dis-
sectors have made liver transsection safer. The skill
of surgeons and the support of anaesthetists and ICU
specialists have contributed to the achievement of
better results of surgical treatment and postoperative
care. And a final but very important point is that a
multidisciplinary approach to liver lesions enables
patient selection to be made so that the decision as to
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SUMMARY

The authors present the results of 44 liver resections performed in
4-years period after applying a new concept in liver surgery, comprising a
profound knowledge of liver anatomy, introduction of intraoperative ultra-
sound, new techniques in liver mobilisation and vascular occlusion and new
tools for liver parenchyma transection. The predominant indication for liver
resection was metastatic colorectal cancer, which was found in 27 patients.
Hepatocellular carcinoma was resected in 6 patients, gallbladder cancer in 2
patients and benign lesions in 8 cases (2 adenomas, 2 hemangiomas, 1 giant
lipoma and 3 cases of the liver hydatidosis). Morbidity rate was about 20%.
The most common complication was prolonged biliary secretion. During the
aforementioned period, no perioperative deaths and no iatrogenic injury to
the biliary tract or larger vessels were reported. All 36 patients operated on
because of malignant disease were followed-up for at least 6 months. Com-
plete remission was noted in 31 patients (86.11%). After one-year follow-up
period, 85.71% of the patients were still alive. The authors conclude that pre-
cise indication for surgery and established operative procedure performed by
a well-trained team are the basis of surgery with acceptable morbidity and no
operative mortality.
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whether to undertake operative treatment of a he-
patic lesion is optimised and liver resection can be
planned in detail. Surgical procedure is becoming a
component in the complex treatment of hepato-
biliary pathology (4).

PATIENTS AND METHODS

In the period 2001‡2004 at the Surgical clinic,
Clinical Center Nis, our team performed liver resec-
tions in a total of 44 patients (figure 1). The sample
consisted of 30 men and 14 women. Ages ranged
from 22 ‡ 76 years (median age 59 years) in men and
from 29 to 82 years (median age 60 years) in
women. The predominant indication for liver resec-
tion was metastatic colorectal carcinoma, which was
found in 27 patients. In just one case we resected
metastases from noncolorectal origine (Ca PVU).
With regard to primary tumours, the incidence of
hepatocellular carcinoma (6 patients) was the high-
est in our population, gallbladder carcinoma was the
second (2 patients), benign lesions were resected in
8 cases (2 adenomas, 2 hemangiomas, 1 giant
lipoma and 3 cases of the liver hydatidosis).

Solid primary tumour sizes ranged from 35 to
190 mm. The diameter of metastases resected
ranged from 9‡110 mm. In total, we resected 54
metastases in 28 patients. Of all the metastases, 24
(44 %) were smaller than 20 mm, 18 (33%) varied in
size from 20 to 50 mm and 12 (22 %) were larger
than 50 mm. Solitary metastases were found in 13
patients (46.42%), 2‡3 metastases in 9 patients
(33.14%) and more than 3 metastatic areas were de-
tected in 6 patients (21.42%).

Indications for liver resections are based on a
standardised examination. In addition to common
laboratory tests, relevant onco-markers were moni-
tored. We do not utilise DSA (digital subtraction
angiography) of the hepatic blood supply as a stan-
dard test of preoperative examination. Neoadjuvant
chemotherapy was used just in 3 cases (6.18%) with
succesfull downstaging of hepatic lesions.

Standard operative approach was J laparoto-
my with extension into the 10th intercostal space in 4
cases of large posterior tumors. Intraoperative
ultrasonography (IOUS) was the standard procedure
using Siemens SL-1 ultrasound and sectorial 7.5
MHz probe (figure 2).

Predominant method of inflow occlusion was
intermittent clamping of the hepatoduodenal liga-
ment. In the 6 cases we used total vascular exclusion
with caval perfusion (TVECP), but we did not use
the classical method of total vascular liver exclusion
(TVE). Through careful preparation of the hilus and
resections performed anatomically total blood loss
was minimised. Anterior approach for right
hepatectomy with Belghiti liver hanging manouever
was used in 2 cases of large posterior tumors. The
technique of resection depended upon available
equipment. In 28 cases we used the kelly-clasia
technique, and in 16 cases linear radiofreqency de-
vice -TissueLink DS 3.0 (figure 3).

Section surface of the liver was managed with
fibrin glue in 14 pts (31.81%). The extent of surgery
depended on the lesion size and localisation. We al-
ways utilised a minimal 10 mm zone of safety in per-
forming our resections. Standard drainage of the
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Figure 1. Indications for liver resection

Figure 2. IOUS of the liver

Figure 3. Liver
transection using
LRFD -Tissue Link
DS 3.0.



resected bed was done until secretion became mini-
mal. After liver resection, all patients were followed
up at regular intervals and according to standard
procedures in cooperation with oncologists, radiolo-
gists, pathologists etc.

RESULTS

During the period from 2001 to 2004 our team
performed 44 liver resections. We increased the
number of resections per year from the original of 6
per annum to 16 liver resections for nine-months pe-
riod in 2004 (figure 4). Through this high number of
resections we were able to minimise the incidence of
postoperative complications otherwise found in
work places with a lower frequency of such major
surgeries.

The same team of surgeons performed all op-
erations. Operations included all types of resections:
extra-anatomical excisions -12 cases, 16 segme-
ntectomies and 4 bisegmentectomies, 3 left lateral
and 3 right posterior sectionectomies, 3 right hepa-
tectomies, 3 left hepatectomies (figure 5). Fifteen
patients (34.09%) had synchronous hepatic meta-
stases and all of them were operated by one-time si-
multaneous hepatic and colon resection.

Segmentectomy and larger resections are al-
ways anatomical ones, with ligation of the relevant
supply. Median duration of liver ischemia was 46.8
min. Liver reresections using LRFD were without
ischaemia. Median liver parenchyma transection
time in the kellyklasia and LRFD group was 2.9 cm2

and 1.5 cm2 respectively. Perioperative blood loss
ranged from 0 to 1800 ml. Median blood loss was
420 ml, and in more than 30% of patients, blood loss
was less than 200 ml. In the 6 cases of TVECP liver
resection was absolutely bloodless. During the peri-
and postoperative period following liver resection,
transfusion was unnecessary in 48% of patients, and
in only one patient 6 transfusion units were required
for bleeding. Total average duration of hospitalisa-
tion was 15.1 days. The implementation of our study

on liver resection was later justified not only on the
basis of long-term outcomes, but also on the low in-
cidence of postoperative morbidity and mortality. In
the 30-day period following resection, none of the
patients died. Just one patient had to undergo surgi-
cal revision for perforated duodenal ulcus on the 9th

postoperative day. The most common complication
was prolonged biliary secretion (4 patients), which
led to subphrenic abscesses in three cases. The ab-
scesses in all cases were treated by US guided
drainage. Surgical intervention was not necessary.
During the aforementioned period, no iatrogenic
injury to the biliary tract or larger vessels was re-
ported (table 1).

Table 1. Liver resections from 2001 to 2004:
Postoperative morbidity

Complication Number %

Subphrenic abscess 3 6.81%

Biliary fistula 1 2.27%

Pleural effusion 2 4.54%

Wound infection 1 2.27%

Pulmonary
thromboembolism

1 2.27%

Perforated duodenal ulcer 1 2.27%

TOTAL 9 20.45%

Long-term follow-up after liver resection for
malignancy is still limited by the number of per-
formed surgeries in individual years. All 36 patients
operated for malignant disease were followed-up for
at least 6 months. Three of these 36 patients (8.33%)
died from disease dissemination. Recurrence was
reported in 2 patients (5.5%). Complete remission
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Figure 4. Annual number of operations

Figure 5. Modality of liver resection



was noted in of 31 patients (86.11%) followed up
for more than 6 months. We were able to follow up
28 patients in one year, 24 of these (85.71%) were
still alive (table 2). Dissemination was found most
frequently in the interval from 0 to 6 months from
primary resection.

Table 2. Intermediate results after liver resection

Folow-up
periodbl

Num-
ber

Survival
rate

Recur-
rence

Mortal-
ity

6 months 36
33
(91.66%)

1
(2.77%)

3
(8.33%)

1 year 28
24
(85.71%)

2
(7.14%)

4
(14.28%)

Recurrences were registered in two cases (one
after 5 months, one after 9 months) after liver resec-
tion. In one case, resection of the S5 liver segment
for recurrence of rectal carcinoma metastases was
performed 9 months after primary S7 and S4
segmentectomy.

DISCUSSION

At the very beginning of our study of liver re-
section, it was necessary to address several con-
cerns. Unequivocal indications for liver resection
are primary resectable liver tumours, low differenti-
ated gallbladder cancer, and resectable metastases
of colorectal cancer (CRC) (1). However, we indi-
cated resection in solitary metastases of other other
solid tumours. The criteria for indications for at-
tempting resection of metastasis in colorectal carci-
noma are:

1) Presumed radical resection R0;
2) Presumed R1 or R2 resection with the possi-

bility of using alternative therapies for the remnant
tumour (alcoholisation, chemoembolisation, etc.);

3) Resection of previous unresectable metas-
tasis after successful downstaging.

In addition to multiorgan involvement contra-
indications to resection are foremost patient morbid-
ity precluding the necessary operation (4). The most
important imaging method in our study was helical
CT and carefull intraoperative ultrasonography. Our

surgical team used kellyklasia and LRFD methods
following bipolar coagulation for minor structures
and ligation of structures larger than 3 mm by
absorbable material for liver dissection. We agreed
with Takayama, at al. that in comparison with teams
using methods such as CUSA, argon-beam,
Jet-cutter and others, the number of complications
or perioperative blood loss has not been increased
(5‡8). We prefer anatomical resections (except for
small lesions) to atypical resections, respecting arte-
rial and portal branches (1,2,8,9). Maintaining a 10
mm macroscopic safety zone, and the minimisation
of blood loss are the two prognostic factors, which
may be influenced mostly by surgeons (1,2,10,11).
We presume that perioperative mortality of 0% and
morbidity of 20% reported in our population ful-
filled the qualification for continuing our study.
Adjuvant chemotherapy is not suggested as a stan-
dard approach after curative liver resections. Due to
low or no therapeutic response, adjuvant chemother-
apy is not indicated in primary liver lesions or gall-
bladder lesions. Surgical resection is therefore the
only option for curative therapy. For the large part of
metastatic CRC the role of adjuvant chemotherapy
is not clear in case of metastatic liver disease. More
extensive studies were performed, which did not
show the benefit of adjuvant chemotherapy after R0
resections (12,3). Continued patient care by
oncologists following curative resection of liver me-
tastasis could help to answer this question. On the
other hand, the capability of neoadjuvant therapy in
terms of transforming non-resectable lesions to
resectable ones is undisputed (1,2). We could not
evaluate long-term outcomes in our 4-year study,
because only 16 patients were followed up for more
than 24 months.

CONCLUSION

A precise indication for surgery and estab-
lished operative procedure performed by the
well-trained team applying the new concept of liver
surgery are the basis of an acceptable morbidity and
no operative mortality after liver resection.
Multimodal cooperation of surgeons with mainly
oncologists, radiologists and pathologists can en-
sure optimal standardised care to a growing number
of patients with malignant liver diseases even in lo-
cal conditions.
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SA@ETAK

Autori prikazuju rezultate 44 resekcije jetre, izvedene u ~etvorogodi{njem periodu ‡
nakon uvo|enja novog koncepta u hirurgiju jetre, koji se sastoji u primeni novih anatomskih
saznanja, uvo|enju intraoperativnog ultrazvuka i novih hirur{kih tehnika mobilizacije i
vaskularne kontrola, kao i savremenih ure|aja za transekciju parenhima jetre. Naj~e{}e
indikacije za resekciju jetre bile su metastaze kolorektalnog karcinoma, koje su operisane u 27
slu~ajeva. Hepatocelularni karcinom reseciran je kod 6 pacijenata, karcinom `u~ne kese u 2
slu~aja, dok su benigne lezije bile predmet resekcije u 8 slu~ajeva (2 adenoma, 2 hemangioma, 1
gigantski lipom i 3 slu~aja ehinokoka jetre). Postoperativne komplikacije su registrovane u
20% slu~ajeva. U navedenom periodu nije registrovan hospitalni mortalitet, kao ni jatrogene
lezije velikih krvnih sudova i `u~nih vodova. Svih 36 pacijenata operisanih zbog malignih
oboljenja pra}eno je najmanje 6 meseci. Kompletna remisija registrovana je u 86.11%. Je-

dnogodi{nji period pre`ivelo je 87.51% pacijenata. Autori zaklju~uju da precizne indikacije za
operativni zahvat, kao i striktno po{tovanje uspostavljenih operativnih procedura od strane
uve`banog hirur{kog tima, predstavljaju osnovu za bezbednu hirurgiju jetre, bez mortaliteta i
sa prihvatljivom stopom morbiditeta.

Klju~ne re~i: resekcije jetre, hirur{ki koncept, morbiditet, mortalitet.
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