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Abstract Nowadays, the respective approach to hepatic
resections (for malignant or benign liver lesions) is ori-
ented toward minimal parenchymal resection. This surgical
behavior is sustained by several observations that surgical
margin width is not correlated with recurrence of malig-
nancies. Parenchymal-sparing resection reduces morbidity
without changing long-term results and allows the possi-
bility of re-do liver resection in case of recurrence. Mini-
mally invasive liver surgery (MILS) is performed
worldwide and is considered a standard of care for many
surgical procedures. MILS is associated with less blood
loss, less analgesic requirements, and shorter length of
hospital with a better quality of life. One of the more fre-
quent criticisms to MILS is that it represents a more
challenging approach for anatomical segmentectomies and
that in most cases a non-anatomical resection could be
performed with thinner resection margins compared with
open surgery. But even in the presence of reduced surgical
margins, oncological results in the short- and long-term
follow-up seem to be the same such as open surgery. The
purpose of this review is to try to understand whether
chasing at any cost laparoscopic anatomical segmentec-
tomies is still necessary whereas non-anatomical resec-
tions, with a parenchymal-sparing behavior, are feasible
and overall recommended also in a laparoscopic approach.
The message coming from this review is that MILS is
opening more and more new frontiers that are still need to
be supported by further experience.
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Introduction

Minimally invasive liver surgery (MILS) is now performed
worldwide and is considered a standard of care for some
surgical procedures such as left lobectomy [1, 2]. MILS is
associated with less blood loss, less analgesic requirements,
and shorter length of hospital stay with similar oncological
outcomes as compared with open hepatectomy and a better
quality of life in the first year after surgery [2-5].

In the review by Nguyen, minor hepatectomies,
including segmentectomies and wedge resections, were the
most commonly performed procedures (45 %) whereas
major hepatectomies accounted for only 16 % of the entire
group of laparoscopic hepatectomies [2]. These findings
were also confirmed by Aldrighetti in a large national
survey regarding minimally invasive liver resections and
collecting data from thirty-nine centers in Italy: indeed, out
of 1391 laparoscopic liver resections (excluding conver-
sions) 1269 cases (69.1 %) of minor liver resections were
recorded excluding 23.8 % of left lateral sectionectomies
[6].

However, there are few reports in the literature clearly
explaining how a laparoscopic segmentectomy is per-
formed “anatomically” with a complete tributary inflow
and outflow control. Probably, in reality the more fre-
quently performed procedures are sub-segmentectomies
with intra-parenchymal control of post segmental pedicle
branches.

At the beginning of the era MILS, one of the more
frequent criticisms was that, because of a more challenging
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approach for anatomical segmentectomies, in most cases a
non-anatomical resection is performed with thinner resec-
tion margins compared with open surgery.

However, even in the presence of reduced surgical
margins, oncological results in the short- and long-term
follow-up are the same such as open surgery [7, 8].

Similar observation are made for open surgery: a non-
anatomical approach seems to have the same oncological
results compared with anatomic resections but with better
postoperative course due to the parenchymal sparing [9]. In
a very recent paper Marubashi analyzed some 1102
patients with HCC, 577 in the anatomical, and 525 in the
non-anatomical resection group. By propensity score
matching, 329 patients were selected into each group. No
statistically significant difference between the two groups
was found concerning overall survival and early recurrence
[10].

So, the question is: nowadays is it still necessary to
chase at any cost the laparoscopic anatomical segmentec-
tomies? Or, viceversa, non-anatomical resections are fea-
sible and overall recommended?

MILS and segmentectomies

In the era of MILS segmentectomy as a surgical technique
seems to have fallen into oblivion.

In 1957, Couinaud published his fundamental paper on
the surgical anatomy of the liver, describing the eight
segments, everyone with its pedicle: artery, portal vein, and
bile duct [11]. Since then, every liver surgeon has referred
to it as a Bible to be followed during routine surgical
practice.

Since the rapid spread of liver surgery in the 1970s,
several authors have suggested the technical tricks to
remove the entire segment by sectioning the tributary
pedicle [12-14]. Moreover, in 2012 Yoshida et al. pub-
lished an editorial accurately describing the technique of
segmentectomy by ultrasonically guided staining of the
tributary portal branch and injecting a dye. But the
described technique regards open surgery, underlying
major differences between segmentectomy of the left (sg
2-4) and right (5-8) hemiliver [15]. This beautiful paper
seems to have come from another world. The only pub-
lished article resuming this old technique and modifying it
for a laparoscopic approach is the outstanding paper by
Ishizawa. The authors state that this staining technique is
simple and useful for open surgery but it is much more
difficult to reproduce laparoscopically the demarcation of
the hepatic segment on the monitor visually [16].

They have therefore developed a laparoscopic fluores-
cent imaging system that allows visualization of indocya-
nine green (ICG) fluorescence to identify the biliary tract
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and liver cancer intraoperatively, either by direct injection
into the portal branch (positive staining) or by intravenous
injection of ICG dye by clamping the segmental portal
branch (negative staining) [16].

In the following article in Annals of Surgery they pub-
lished their experience in laparoscopic segmentectomy
correctly defined as complete removal of the Couinaud’s
segment, in which the corresponding hepatic veins are
exposed on the raw surface. The laparoscopic approach
was facilitated using intraoperative ultrasonography for
each segment and by placing intercostal trocars to expose
the root of the right hepatic vein for segmentectomy 7 and
8. But out of a series of 342 patients undergoing consec-
utive laparoscopic treatment, laparoscopic segmentectomy
was completed in only 62 patients (19 %) with 10 sub-
segmentectomies and 16 bisegmentectomies performed
[17].

We have extensively analyzed these two papers because
the authors are the only ones, to our knowledge, to pre-
cisely describe the technique of laparoscopic segmentec-
tomy when reported in the surgical series. Segmentectomy
usually appears in the table of the types of liver resections
performed as one of the techniques: but figures are disap-
pointing as concerning the magnitude.

In another paper Kim et al. performed 10 anatomical s4
resection for hepatocellular carcinoma (HCC) with a
Glissonian approach but with a worst postoperative course
compared with other laparoscopic series with a postoper-
ative hospital stay of 7.7 days (range 3—13 days) and 20 %
of patients requiring intraoperative blood transfusion and a
mean estimated blood loss of 592 ml (range 175-1600 ml)
[18].

In the Survey of MILS carried out in 39 surgical centers
in Italy in the years from January 1995 to February 2012
and published in this number, Aldrighetti et al. report an
86.9 % of segmentectomies and wedge resections per-
formed in the overall series with only 13 % of major
hepatectomies. The paper, the first to comprehensively
analyze the laparoscopic liver surgery (LLS) in a western
country, shows that MILS is not confined to dedicated
centers of hepatobiliary surgery accounting, the latest, for
almost 30 % of the entire surgical activity. Similarly the
French Hepato-bilio-pancreatic Surgery Association, ana-
lyzing the LLS in the past 6 years, report a proportion of
multiple intermediate liver resections (tumorectomies, uni/
bisegmentectomies) of 13.3 %, a percentage not increasing
after 2010 [19].

In a recent large 14-year series from a single center, Cai
et al. report only 35 segmentectomies out of 365 cases with
a relevant number of non-anatomic resections (n = 68) and
left lateral sectionectomy (n = 112) [20]. Interestingly
though, they analyze several factors concerning the
accomplishment of segmentectomy: conversion to open
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surgery, complications rate, mean operating time, blood
loss, and hospitalization concluding that in order to per-
form a laparoscopic liver segmentectomy a surgeon needs
an average of 28 cases for training [20].

In a paper published by Vigano et al. in 2009 Authors
state that the learning curve for major resections was 60
cases [21], but in an another paper of the same year, by
Vigano et al. presenting a systematic review of laparo-
scopic resections, it stated that non-anatomical resections
are commonly reported in literature referred to the so
called “laparoscopic liver segments” as defined in the
crucial paper of the Louisville Statement [1, 22].

In the two Consensus Conferences on LLS held in
Louisville (2008) and Morioka (2014) segmentectomy is
considered as a minor resection if referred to anterior and
therefore “easy” to perform segments from 2 to 6. This
finding and recommendation of the jury under the term
“minor” are based on the literature and not involving
posterior—superior segments. But in the paper of Morioka
“anatomical resections, including sectionectomy, segmen-
tectomy and sub-segmentectomy, meant as parenchymal
preserving resections of portal territories are considered
complex procedures requiring identification of anatomical
boundaries [1, 23].” This surgery must rely on advanced
intraoperative ultrasound, pedicle vascular control through
a Glissonian approach.

At this point the crucial question: is it therefore
mandatory, thanks to progress in US-guided liver resec-
tions, to resect the entire segment in order to be oncolog-
ically correct? Several reports [24, 25] show that the
minimal margin for metastasis may go from the traditional
1 cm to 1 mm, or even predicting, as with Torzilli et al.,
R1 for metastasis lying on a major vein [26, 27]. The
question is different for HCC due to frequent satellite
nodules; however, according to several reports, it seems
there are no differences in oncological outcome between
regulated (segmentectomy) and unregulated resection [28—
30].

Okamura et al. compared two groups of HCC patients
divided into anatomic (n = 139) and non-anatomic
(n = 97) resections with a propensity score matching. At
both uni- and multivariate analyses operative procedure
was not a significant risk factor for recurrence that, how-
ever, did not differ in the two groups [9].

More recently, similar results are shown by Hirokawa
who analyzed 330 patients with HCC with a propensity
score model showing for non-anatomic resections better
short-term outcomes in terms of reduced operation time
(P = .02), blood loss (P = .01), blood transfusion
(P < .01), complications (particularly bile leakage and
abdominal abscess) (P = .04), and postoperative hospital
stay (P < .01). They conclude that anatomic resection was
not superior to non-anatomic resection in survival

outcomes. Rather, postoperative short-term outcomes were
more favorable with non-anatomic resection [31].

All these experiences are about solitary small (<5 cm)
HCC but as stated by the Lousiville and Morioka consen-
sus, the main indication for LLR are exactly small single
nodules [1, 23].

Recently Rao et al. have published an extensive meta-
analysis comparing 296 laparoscopic hepatic resections to
404 ones. The number of positive resection margins was
reduced in the laparoscopic group as well as transfused
blood, duration of portal clamping, and hospital stay [32].
In the largest review of LLR series, reported by Nguyen
et al. [2], the most common type of liver resection (45 %)
is wedge resection or segmentectomy (1258/2804). LLS
achieves adequate oncologic treatment and does not seem
unequivocal to affect resection margins. Warning should
though be emphasized for parenchymal transection by
stapler which may modify, at the transection line, the
evaluation of adequate oncological margin by destroying
the perilesional parenchyma through the compression
caused by the device [33, 34].

Similar observation was made by Postriganova et al. that
reported how dissection devices can narrow the resection
margin due to thermal necrosis [7]. This seems to be an
isolated report from the literature; indeed this observation
did not lead to a higher rate of tumor-involved resection
margins, to a higher rate of recurrence within the liver, or
to a poorer survival.

Other papers compare anatomic and non-anatomic LLR.
Abu Hilal et al. [35] focused on left lateral sectionectomy,
showing that there was no difference in resection margin
between the laparoscopic (11 mm; 1.5-30 mm) and open
(12 mm; 4-40 mm) approaches. Aldrighetti et al. [36]
show that the resection margin of laparoscopic left lateral
sectionectomy (1.1 £ 0.3 cm) is comparable with the open
approach (1.3 & 0.5 cm). McPhail et al. [37], in a collec-
tive review of five case—control series on laparoscopic
versus open left lateral sectionectomy suggest that the
laparoscopic approach do not compromise margin status.
Kazaryan et al. [38] report a comparative evaluation of 75
segmental LLR performed for malignant tumors localized
in posterosuperior (1, 7, 8, 4a: 28 procedures) and antero-
lateral (2, 3, 4b, 5, 6: 47 procedures) segments showing
only a 5.3 % of infiltrated margin in both groups.

In our series of 156 laparoscopic liver resections, seg-
mentectomies account for 50 % (n = 78) of the total; the
identification of the portal pedicle was made by ultrasound
guidance but no dying procedures were ever used. A light
and temporary devascularization of the resection margins,
in case of uncompleted sectioning of the tributary pedicle,
neither impacted the resection margin always superior to
5 mm nor the favorable outcome of the patient (0 %
mortality) (unpublished data).
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Conclusion

“The actual resective approach to hepatic cancer (primary
or secondary) is oriented toward minimal parenchymal
resection. This methodology is sustained by observation
that surgical margin width is not correlated with cancer
recurrence. Parenchymal-sparing resection reduces mor-
bidity without changing long-term results and allows the
possibility of re-do liver resection in case of recurrence.
With regard to segmentectomies MILS has opened new
frontiers that yet need to be supported by years and years of
experience: however, our impression is that we are redis-
cussing a dogma that dominated liver surgery for more than
30 years [39]”.

These words, written 3 years ago have received a further
clinical validation in the elapsed time. In the era of MILS
segmentectomy that meant as an anatomic resection runs a high
risk of disappearing as a standard procedure useful for our
patients, Anatomical segmentectomy is undoubtedly more
difficult in laparoscopic than in open surgery; but complete
resection of the whole segmental territory does not seem to
modify the fate of the patient. Other and major problems are
still need to be solved concerning quality of liver, extension of
disease, and response to systemic chemotherapy.
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