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Abstract

Background: The question, whether to perform either a
segmental, or a major liver resection if both procedures are
technically feasible, continues to be under debate. Methods:
Outcomes from 188 liver resections for colorectal cancer
liver metastases in the Naval Hospital of Varna in 2000-2007
were reviewed. All surviving patients were followed-up for
a minimum of 2 years. Morbidity, mortality, mean blood
loss, mean blood transfusion, disease-free survival and
overall survival rates of the patients undergoing segmental
liver resection (group one, n=76) and major liver resection
(group two, n=112) were statistically compared. Results:
No patients died in group one while 7 patients (3.7%) died
in the early postoperative period in group two. There were
18 postoperative complications in group one (23%) and 38
in group two (33%) (p<0.05). The mean blood loss was
1,245+128 mL in group two and 423+£232 mL in group one
(p<0.001) while the mean blood transfusion requirement was
2 units (0-18 units) for patients with major liver resections
and 0.5 unit (0-3 units) for those with segmentectomies
(p<0.006). There were no statistically signiycant differences
in disease-free survival (p=0.545) and overall survival rates
(p=0.750) between both groups. Conclusion: Segmental
resection enables sufycient liver volume conservation. It
results in lower perioperative morbidity and mortality rates
and more seldom postoperative failure. Thus it warrants
disease-free and overall survival rates similar to those
following the major resection.
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Background

Liver resection remains the only potentially curative
treatment for primary and metastatic liver tumours [1, 2].
Surgical treatment of colorectal liver metastases (CLM)
has actually been practiced since the 1950s and is now
an accepted therapy for selected patients. The technique
of liver resections has been developed thanks to a better
knowledge of hepatic anatomy and the increased use of
intraoperative ultrasound [3, 4]. Berta performed the yrst
liver resection in 1716 and Lortat-Jacob et al [5] reported an
anatomic liver resection for cancer in 1952. Subsequently, a
comprehensive description of liver segmental anatomy was
published [6]. Thereafter, because of a greater understanding
of the vascular and biliary anatomy of the liver, surgeons
became able to resect individual liver segments alone or in
combination. Large CLM require extensive resection such
as hemihepatectomy or trisectionectomy, whereas smaller
lesions can be treated with more limited resections such
as segmentectomies [7]. Segmentectomies can be used for
smaller lesions, but some tumours might require extensive
liver resection only because they are located centrally or in
the vicinity of major portal pedicles or hepatic veins [8].
Anatomic segmentectomy could represent an alternative
to extensive hepatectomy in such cases. Five-year survival
rates after resection of CLM vary (40-58%) [9]. A two-year
postoperative survival of 65.1% was reported [10].

Advantages of anatomic segmental resections include
prevention of postoperative liver failure especially in patients
with underlying liver disease, reduction of blood loss as
well as lower postoperative mortality and morbidity rates.
The question, whether to perform a segmental or a major
resection if both procedures are technically feasible, is still
under debate. However, no prospective trials comparatively
assessing the operative results and oncologic value of these
types of resection for CLM have been performed yet.

Here we review our experience gained with liver
resections and compare the clinical, perioperative and
postoperative results (complications, disease-free survival
and overall survival) of the patients who have undergone
either segmental resection of different volume, or major
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resection for CLM at the Naval Hospital in Varna,
Bulgaria.

Material and methods

From January 1, 2000 to January 1, 2007, a total 76
patients, 42 males (53%) and 34 females (47%) (Group 1)
suffering from CLM underwent segmental resection while
112 patients, 72 males (64%) and 40 females (36%) (Group
I1) underwent major resection (p=0.734) (Tables I, I1).

Table I. Classiycation of segmentectomy types (n=76)

Type of resection

Segmentectomy 1
Segmentectomy 2
Segmentectomy 3

Left medial sectionectomy (segment 4)
Segmentectomy 5
Segmentectomy 6
Segmentectomy 7
Segmentectomy 8

Right posterior sectionectomy
Right antrior sectionectomy
Bisegmentectomy 4b,5
Bisegmentectomy 4a,8
Bisegmentectomy 3,4b

Bisegmentectomy 7,8

AP W DN OO B NN D WD N W DN WS

Bisegmentectomy 5,6

=
[

Left lateral sectionectomy
Bisegmentectomy 1,4
Mesohepatectomy (segments 4,5,8)
Mesohepatectomy (segments 1,4,5,8)
Segmentectomy (segments 1,4b,5,6)

Segmentectomy (segments 5,6,7)

N P DN N

Segmentectomy (segments 3,4b,5)

Table I1. Distribution of major liver resections (n=112)

Type of hepatectomy n
Right hepatectomy (segments 1,5,6,7,8) 31
Right hepatectomy (segments 5,6,7,8) 31
Left hepatectomy (segments 1,2,3,4) 22
Left hepatectomy (segments 2,3,4) 21
Right trisectionectomy (segments 4,5,6,7,8) 5
Left trisectionectomy (segments 2,3,4,5,8) 2

Resection volume was deyned during the operation based
on the results from intraoperative ultrasonography as well
as on CLM localization and number.

The following criteria for CLM resection were used: i)
already performed curative resection of colorectal cancer;
ii) in any liver tumours the resection should be technically
feasible according to the preoperative and intraoperative
examinations, and iii) no extrahepatic metastatic disease
[11]. When the patients met these criteria, hepatic resection

was performed. Subsegmental or wedge resections were
eliminated from the analysis unless they were associated
with a major or segmental resection. We applied wedge
resection as a second or subsequent liver resection in CLM
recurrences. This decision is determined by the alterations
of hepatic anatomic architectonics induced by the preceding
operation.

With regard to the resection of liver metastases six criteria
are considered [12] dealing with liver resections as a whole
while the yrst two focus on segmentectomies: 1. general
operability of the patient (comorbidity); 2. achievability of an
RO situation, if necessary, combined with ablative methods
and neoadjuvant chemotherapy as well as ability to eradicate
extrahepatic tumour manifestations; 3. sufycient volume
of remnant liver, if necessary, combined with portal vein
embolisation or two-stage hepatectomy; 4. the feasibility
to preserve two contiguous hepatic segments with adequate
vascular inpow and outpow as well as biliary drainage; 5.
tumour biological aspects, and 6. experience of the surgeon
and centre. In addition we followed the recommendation that
every liver resection should be carried out after intraoperative
ultrasonography [13].

The diagnostic evaluation comprised total colonoscopy,
conventional radiography of the chest, CEA-serum
levels, ultrasonography, and contrast-enhanced computed
tomography of the abdomen. Intraoperatively, the abdomen
was systematically examined and ultrasonography of the
liver was repeated. All the patients were considered by a
multidisciplinary committee to have resectable disease and
were free of surgical contraindications. Abilateral subcostal
incision provided good access and, usually, was made by
extending an exploratory right subcostal incision to conyrm
the lack of unexpected peritoneal disease. An upwards
extension to the bottom of the sternum to form a Mercedes-
Benz incision was performed to allow wider access. The
liver was completely mobilised and bimanual palpation
with intra-operative ultrasound scan was performed.
Enlarged hilar lymph nodes were sent for histopathological
examination by frozen section. Selected clamping of vascular
structures related to the segments to be resected preceded
the transection of liver parenchyma using an ultrasonic
dissector or scissors.

As each liver segment has its own supply from the portal
trinity, it can be resected independently of other segments.
This special anatomic feature was utilized by accomplishment
of the segmentectomies of different volume. In fact, it was
easier to remove some segments in common. Although the
intersegmental planes were not visible on the surface of the
liver, the segments were deyned by occluding the inpow
to that segment thus rendering the segment ischaemic and
demonstrating the functional division on the liver surface.
It was recognised that Glissonds capsule extended as a
condensation of fascia around the biliovascular branches
of the portal trinity (Glissonian sheaths). Couinaud [6] and,
more recently, Launois and Jamieson [14] have noted that
the fascia continues within the liver parenchyma up to the
segmental divisions. If the supply to an individual segment
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was approached from within the liver, mass ligation of a
sheath would devascularise this segment.

Extrahepatic approach [5] to the hepatic inpow pedicles
was necessary to ligate a portal triad to the segments 1 and 4,
right anterior section, right posterior section, left hemiliver
and right hemiliver. Intrahepatic anterior approach [15] to
the hepatic inpow pedicles was necessary to ligate a portal
triad to an individual segment (2, 3, 5-8). Intra-operative
ultrasound aided identiycation of the appropriate portal
triads [16, 17], i.e. the intended vein within the liver. So,
methylene blue was injected to conyrm that the vein was
supplying the appropriate liver segment. The hepatic veins
were ligated within the liver substance. The hepatic pedicles
could be approached by the intrahepatic posterior approach
[18-20] which utilized the Glissonian sheaths.

Combined extrahepatic and intrahepatic approaches were
necessary to ligate a portal triad to some bisegmentectomies
as well as to right and left trisectionectomies. Intermittent
portal venous inflow occlusion and, more recently,
maintenance of low central venous pressure during hepatic
transection were used to minimise the blood loss. The right
and middle/left hepatic veins could extrahepatically be
dissected either combined, or prior to their joining. This
method was necessary to ligate veins to segment 1, to
segments 2 and 3, to segments 5 and 8, and to segment 4
without middle hepatic vein preservation; to segments 7 and
8 with dissection of right hepatic vein; to segments 4,5,8+1
and to segments 4a and 8 with dissection of middle hepatic
vein as well as to right and left hemiliver. Intrahepatic
anterior approach involved hepatic parenchyma dissection
along the hepatic yssures and ligation of the outbow veins
directly within the liver [15]. This method was applied to
the other types of liver resection.

Patients were examined and their laboratory results were
reviewed at monthly intervals for the yrst 3 months and then
at 6-month intervals thereafter. The duration of the follow-
up assessment was limited to two consecutive years and
included physical examination, routine clinical laboratory
tests and estimation of serum CEA level. Any rise in CEA
concentration was controlled by means of CT to identify
recurrent disease.

Multiple chemotherapeutic protocols were applied in all
the patients as adjuvant regimens for the primary colorectal
cancer, and as neoadjuvant or adjuvant chemotherapy related
to the liver resection.

Survival data were retrospectively recorded as of January
2008 for all the patients. The difference in patientso baseline
characteristics after segmentectomy and major resection was
compared. Comparisons of sex and age of segmentectomy
and major resection groups were conducted using chi-square
and t-test, respectively. The t-test method was used to
compare mean blood loss, CLM diameter, operative duration,
length of hospital stay and resection margins. The percentage
of patients with postoperative complications in both groups
was compared by using Fisherés Exact Test. Kaplan-Meier
estimates of the survival function were created to outline
differences between both groups and to illustrate them

with Kaplan-Meier curves. Homogeneity between groups
was tested by using the log rank and Wilcoxon statistics.
Values were expressed as meanzstandard error of the mean.
Statistical signiycance was determined at p<0.05.

Results

The follow-up period was 24 months. It was planned
to cover a 5-year interval for all the patients. Mean age at
the time of liver resection was 59+12 years in group one
and 61N14 years in group two (p=0.533) (Table I11). More
patients of group one had CLM simultaneously located in
the right and left hemiliver and presented with 0 3 CLM and
CLM diameter O 4 cm as compared to those of group two
(Table I11). Mean CLM number (O 3 versus 3, p = 0.015)
and mean CLM diameter (3.9£4.4 cm versus 6.8+3.6 ¢cm,
p = 0.006) differed signiycantly between these groups. The
diameter of the largest CLM having undergone segmental
resections was 156 mm which required the removal of
segments 5, 6, and 8.

No patients died in group I. In the early postoperative
period, 7 patients died in group Il: four died from hepatic
failure, i. e. one patient on day 8 and 3 patients on day 10;
two patients died from cardiac complication, i.e. on day 18

Table I11. Clinical characteristics of the patients with
segmentectomy and with major liver resection

Parameters Segmentectomy  Major liver p
(n/%) resection
(n/%)
Patients 76 112
Mean age (years) 59+12 61+14 NS
Male gender 42 (53%) 72 (64%) 0.533
Female gender 34 (47%) 40 (36%) 0.734
Mean number of CLM 3+2 442 0.015
03 57 (75%) 51 (45%)
>3 19 (25%) 49 (55%)
Mean diameter of CLM 3.9+4.4 6.813.6 0.006
(cm)
04 45 (59%) 33 (29%)
>4 31 (41%) 83 (71%)
Distribution of CLM in 0.001
the liver
right or left hemiliver 56 (73%) 105 (93%)
right and left hemiliver 20 (27%) 7 (7%)
Primary tumour
characteristics
pT* 0.911
pT2/pT3 45 (76%) 73 (65%)
pT4 31 (24%) 39 (35%)
pN** 0.934
NO 17 (21%) 21 (19%)
N1 31 (41%) 55 (49%)
N2 28 (36%) 36 (32%)

T* stage and pN** stage are according to the International Union
against Cancer (UICC) classiycation, 5th Edn.
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and on day 24 one patient each. Another patient died from
intraabdominal bleeding and multi-organ failure on day
28. The perioperative mortality was 3.7%. These patients
dropped out from the study. Fifty-six patients presented with
some complications (overall morbidity of 30%). The majority
of these complications were managed conservatively as
surgical intervention was required by six patients only - for
abdominal bleeding and for bile leakage from the liver cut
surface by three patients each. Postoperative complications
were statistically reliably more common among the patients
having undergone resections of larger volume (Table IV).

Table V. Postoperative complications

Types of complications  Segmentectomy  Major liver p
n=18 (23%) resection

n=38 (33%)

Surgical complications

Acute hepatic failure 4* (3%) 1.000
Cut surface bile 1** (1.3%) 2*%* (1.7%) 0.500
leakage

Wound infection 7(9.2%) 16 (14.2%) 0.934
Perihepatic collection 4 (5.2%) 11 (9.8%) 0.738
Bleeding 1** (1.3%) 2*%*+1* (2.6%) 0.534
Subphrenic collection 5 (6.5%) 9 (8%) 0.643
Respiratory

complications

Pulmonary embolism 1(1.3%) 1(0.8%) 0.500
Symptomatic pleural 4 (5.2%) 7 (6.2%) 0.648
effusion

Other types of

complications

Renal impairment 1(1.3%) 1(0.8%) 0.500
Cardiac disease 0 2* (1.7%) 1.000
Cerebrovascular 1(1.3%) 1(0.8%) 0.500
accident

Line sepsis 1(1.3%) 1(0.8%) 0.500
Deep venous 1(1.3%) 0 1.000

thrombosis

* All the patients deceased; ** Five of these patients required surgery
and one died of multi-organ failure following intraabdominal bleeding

The mean blood loss was 1245128 mL in group two
and 423232 mL in group one (p<0.001). The mean blood
transfusion requirement was 2 units (range, 0-18 units) for
the patients with hepatectomy or trisectionectomy and 0.5
unit (0-3 units) for those with segmentectomy (p<0.006).
Thirty-two segmentectomies (42%) were performed without
any blood transfusion. The mean operative duration was 3+2
hours for major resection and 2+2 hours for segmentectomy.
The mean length of hospital stay was 12.3+0.8 days for
the patients with major resection and 10.5+2.2 days for
those with segmentectomy (p>0.1). Macroscopically clear
margins were achieved in all the resections. In group one,
the mean extent of the tumour resection margin was 6 mm
(range 0.5-28 mm) and in group two - 9 mm (range 1-50
mm) (p<0.042).

The 12- and 24-month disease-free survival rates in
group one were 81% (n=62) and 42% (n=32), respectively.

These ygures were similar to those observed in group two
(83%, n=94 and 38%, n=43), respectively (Fig. 1). There
was no signiycant difference in the disease-free survival
rates between both groups (p=0.545). The overall survival
rates after 12 and 24 months were found to be 90% (n=68)
and 55% (n=42) in Group | and 86% (n=97) and 58% (n=66)
in Group 11, respectively (Fig. 2). There was no signiycant
difference in the overall survival rates between both groups
(p=0.750).
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0.5 4
0.4 1
0.3 1
0.2 1
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—4— segmentectomy == majorresection
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Fig 1. Disease-free interval of patients undergoing segmentectomy
(n=76) and major liver resection for CLM (n=112).
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Fig 2. Overall survival rates of patients undergoing segmentectomy
(n=76) and major liver resection for CLM (n=112)

Discussion

The basic indication for segmentectomy consists of
its technical feasibility warranting radical intervention.
Segmental anatomic resections require a good knowledge
of the intrahepatic vascular architectonics and thus represent
a challenge for every surgeon when central liver segments
have to be removed. Their advantages consist of the
conservation of larger volumes of liver parenchyma and in
the reduction of postoperative complications accompanying
major liver resections. They are thus especially suitable for
elderly patients with liver cirrhosis or steatosis. In our study,
bisegmentectomies occupy the greatest relative share with
n=39 (51%) as left lateral sectionectomy dominates (n=11
or 14.5%).

Gao et al [21] treated 59 patients with CLM; 14 with
anatomical segmentectomy and 45 with wedge resection.
Postoperative complications occurred in 4 (6.8%) patients,
without surgical death. The overall 1- and 3-year survival
rates were 91.4% and 34.8%, respectively. There was a
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signiycant difference between the groups with extended
resections (n=41) and segmental ones (n=27) in terms of
operative blood loss (p=0.006) and post-operative stay
(p=0.036) as major post-operative complications are less
following segmental resection (p=0.05) [22]. A comparison
of 119 patients undergoing a wedge resection and 148
patients undergoing anatomic segmental resections showed
that blood loss, operative time and complications are similar
in both groups, while rate of positive margins is signiycantly
lower in segmental than in wedge resection (2% versus
16%; p<0.001) [23]. Thus segmentectomy is superior to
wedge resection and should be preferred as an oncological
operation for CLM as it results in better tumour clearance
and improved survival, because survival difference is a factor
of positive margin status in the patients with poor prognosis
[23-25]. The main criterion for the choice of this operation
is the opportunity to achieve radical tumour removal and
to preserve biliary drainage and afferent and efferent blood
supply to remnant livers [13]. According to other authorsd
experience, however, segmentectomy is not superior to
wedge resection in terms of tumour clearance, pattern of
recurrence, or survival of patients with CLM [26].

Blood loss exerts a deleterious effect on survival
outcomes after surgery [27, 28]. Perioperative transfusion
for severe blood loss is also associated with an adverse
prognosis in patients who undergo liver resection [29].
Under those circumstances, major liver resection may be
related to a higher incidence of perioperative morbidity and
mortality. The incidence of postoperative complications in
these patients is almost double when compared to those
after segmental resection. In these cases, acute hepatic
failure (3%) and bleeding (2.6%) are the main reasons for
perioperative mortality.

Hospital stay length did not differ between our groups,
probably because the incisions used for either segmental
or major resection were often the same, and recovery from
the operation was largely a matter of pain management. In
univariate analysis, age (< 65 versus * 65 years, p=0.041),
metastases number (< 3 versus > 3 tumours, p = 0.049),
maximal tumour dimension (< 3 versus > 3 cm, p = 0.047),
and glutamine-oxaloacetic transaminase (GOT) preoperative
level (< 42 versus > 42 mg/dL, p = 0.018) are signiycant
factors correlated to median survival time [10]. Reasons for
choosing a major resection rather than a segmentectomy are
large CLM (>4 cm), big number of CLM, multiple CLM in
the same hemiliver and CLM in the vicinity of major portal
pedicles or hepatic veins with encroachment on segment 4
for right trisectionectomy or on segments 5 and 8 for the
left one.

The difference concerning the mean extent of the
tumour resection margin in favour of the major resection is
a factor of poor prognosis in patients with segmentectomy.
This technical disadvantage is difycult to overcome when
removing large tumours necessitating the performance of
hemihepatectomy or trisectionectomy. Independently of
the achieved mean extent of the tumour resection margin
of 6 mm in patients with segmentectomies no statistically

signiycant differences in disease-free survival and overall
survival between the two groups can be established. On
the other hand, limited resections are a factor in lowering
survival [30, 31]. A better yve-year actuarial survival with
segmental resection compared to wedge excision in 1001
patients with CLM has been reported [23]. One- and three-
year overall survival rates are 97% and 74%, respectively
[32], or 91% and 54%, respectively [33]. Concerning the
surgical margin, there is a certain compromise taking into
consideration the insigniycant impact of this factor on the
survival rate. A margin width > 1 cm is optimal and is an
independent predictor of survival after hepatic resection for
CLM [34]. Resection margin of > 1 mm is associated with
signiycantly improved 5-year overall survival, compared
with involved margins or margins O 1 mm. The possible
beneycial effect if there were greater margins beyond 1 mm
could not be demonstrated [35]. Patients should not be denied
a potentially curative resection based on the prediction that
a 1-cm margin will not be obtainable [9]. Therefore liver
surgeons should aspire to achieve the so-called dsafety zones,
and the rule of éminimum marginé should be abandoned.

In 25% of the patients with segmental resection, CLM
simultaneously affected the left and right hemiliver while
an analogous difference was encountered in 6% of the
patients with major liver resection only. This is with regard
to CLM involving all or parts of the segments 4, 5, 8 and
+1. Bilobar CLM localization is of unfavorable predictive
value, too. The right or left trisectionectomy is an alternative
to segmental resection in such a localization as this is of a
large volume and bears the potential risk of postoperative
acute hepatic failure. Here the better choice is to perform a
central hepatectomy that is technically difycult and preserves
a great part of hepatic parenchyma [36]. It requires wide
exposure, full mobilization of the right and left hemiliver,
intraoperative ultrasonic guidance, and inpow and outbow
control. However, from a hepatic surgeonés standpoint, liver
resection is the potentially curative procedure for CLM. Even
in patients with multiple bilobar disease, a long-term survival
could still be achieved [37, 38]. Careful consideration must
be given to the selection of patients for surgical treatment
of CLM [32].

Risk factors for complications differ depending on the
extent of CLM resection [39]. The greater number of resected
hepatic segments, the higher incidence rate of postoperative
complications [40, 41].

The advantages of segment-oriented resection includes
preservation of normal liver parenchyma, tailoring the extent
of resection to the extent of the pathology and minimizing
postoperative liver failure. This approach allows liver
resection while minimizing the blood loss and morbidity
that may be associated with a more extensive resection
[42, 43]. Most patients operated for CLM present with
steatosis or hepatitis caused by preceding chemotherapy.
That is why the preservation of 30-60% of liver parenchyma
preventing postoperative liver failure is an argument in
favour of segmentectomy [9, 44]. According to literature
data, segmentectomies occur in up to 33% and become more



452

Kostov and Kobakov

frequent with time [41]. Postoperatively, two-thirds of the
patients develop CLM recurrence which affects the liver
in one third of the cases only [45]. The latter are namely
indicated for second resection. Its performance could be
facilitated in the case of an organ-saving yrst operation, i.
e. of segmentectomy.

Conclusion

The advantages of segmental resection for CLM are the
conservation of a sufycient liver volume and achievement
of lower perioperative morbidity and mortality rates. Liver
preservation is essential in normal and damaged livers as it
reduces the risk of postoperative liver insufyciency from
a very small liver remnant as well as in the patients with
advanced age or with cirrhosis. We have demonstrated that
segmentectomy offers disease-free and overall survival
rates similar to those after major resection. It is noteworthy,
however, that the patients should be judiciously selected.
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