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Abstract

Background Laparoscopic liver resection (LLR) of posterosuperior segments (PSS) is still technically demanding proce-
dure for highly selective patients. There is no long-term survival comparative estimation after LLR and open liver resection
(OLR) for colorectal liver metastases (CRLM) located in PSS. We aimed to compare long-term overall (OS) and disease-free
survival (DFS) after parenchyma-sparing LLR with expanding indications and open liver resection (OLR) of liver PSS in
patients with CRLM.

Methods Two Russian centers took part in the study. Patients with missing data, hemihepatectomy and extrahepatic tumors
were excluded. One of contraindications for LLR was suspicion for tumor invasion in large hepatic vessels. Logistic regres-
sion was used for 1:1 propensity score matching (PSM).

Results PSS were resected in 77 patients, which accounted for 42% of the total number of liver resections for CRLM. LLR
were performed in 51 (66%) patients. Before and after matching, no differences were found between groups in the following
factors: median size of the largest metastatic tumor; proximity to the large liver vessels; the rate of anatomical parenchyma
sparing resection of PSS; a positive response to chemotherapy before and after surgery. Regardless of matching, the size of
the largest metastases was above 50 mm in more than one-third of patients who received LLR. Before matching, intraopera-
tive blood loss, ICU stay and hospital stay were significantly greater in the group of OLR. No 90-day mortality was observed
within both groups. There were no differences in long-term oncological outcomes: 5-year OS after PSM was 78% and 63%
after LLR and OLR, respectively; 4-year DFS after PSM was 27% in both groups.

Conclusion Laparoscopic parenchyma-sparing resection of PSS for CRLM are justified in majority of patients who have an
indication for OLR if performed in high volume specialized centers expertized in laparoscopic liver surgery.
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The laparoscopic approach is increasingly used for liver
resection worldwide. According to the European consensus
conference, which was held in Southampton in 2017 laparo-
scopic technique was recommend as a standard practice for
resection of the left lateral section and was approved for the
majority of minor liver resection in the anterior segments.
In contrast, a technically demanding resection for lesions
located in liver posterosuperior segments (PSS) remains
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not yet well-standardized and should be performed in only
expert centers [1].

The first articles described outcomes of laparoscopic liver
resection (LLR) of PSS were published only 10 years ago
[2]. Since this time, a little more than two dozen articles have
been published on technical issues and analysis of immedi-
ate outcomes of PSS resection. Most authors evaluated the
results of PSS resection without considering the nature of
the lesions. Some of the articles analyzed short-term results
of PSS resection for hepatocellular carcinoma. The only
so far published meta-analysis of five studies, including
237 patients undergoing LLR, regardless nature of lesions,
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revealed the lack of differences in immediate outcomes after
OLR and LLR of PSS [3].

Oncological results are the most important to determinate
the suitability of a new technique for radical treatment of
malignant tumors. Despite the highest prevalence of colorec-
tal liver metastases (CRLM) among all liver cancers in West-
ern countries, we were able to find only two publications on
survival analysis after liver PSS resection for CRLM. Both
of these articles analyzed a relatively short follow-up period
with the estimation of 2-year and 3-year survival.

In our study, we aimed to compare long-term overall and
disease-free survival after parenchyma-sparing LLR and
open liver resection (OLR) of liver PSS in patients with
CRLM based on propensity score matching (PSM) analysis.

Methods

Study design: an observational cohort study. We obtained
OLR and LLR data that were recorded in a prospective data-
base and analyzed retrospectively. All OLR and LLR were
performed between April 2010 and December 2018.

Two Russian centers took part in this study: Moscow
Clinical Research Center named after Loginov A.S. and Rus-
sian Research Center of Radiology and Surgical Technolo-
gies named after Granov A.M. (St. Petersburg). All patients
provided informed consent prior to surgery. The primary
inclusion criteria were anatomical or partial parenchyma-
sparing liver resection for CRLM. Patients were excluded if
the following criteria were presented: missing data, hemi-
hepatectomy or extended hemihepatectomy, extrahepatic
tumors (Fig. 1). Twelve-level Marioka criteria for defining
the difficulty index of LLR were used [4].

Contraindications for LLR were multiple lesions
(usually, more than 7) and their distribution in several
liver segments, suspected tumor invasion in hilar tubu-
lar structures or/and inferior vena cava (IVC), severe

Hepatectomy for CLM
2010-2017 (N= 185)

Exclusion criteria:
[ 1. Major hepatectomy.

: 2. Extrahepatic tumor
Metastatic tumor in 3. Data missing
segments 1, 4a, 7, 8 (N=77)
I
! 1
I Minimally invasive LR (n=51) | | Open LR (n=26) |

l l

| Propensity Score Matching |

l l

| Minimally invasive LR (n=20) | I Open LR (n=20) |

Fig. 1 Patient selection

viscera-parietal adhesions and large hernias after previ-
ous abdominal surgery, and patient intolerance to prolong
pneumoperitoneum due to concomitant disease. The large
tumor size (more than 5 cm), the proximity of the tumor to
large hepatic vessels and/or IVC and previous open liver
resection were not contraindications for a minimally inva-
sive approach.

The primary endpoint of this study was a comparison of
overall and disease-free survival after parenchyma-sparing
LLR and OLR of PSS. The secondary point was a com-
parison of immediate outcomes of LLR and OLR of PSS.
Immediate outcomes included blood loss; severe morbidity
(more than II grade according to Clavien-Dindo classifi-
cation); mortality; time of procedures; ICU stay; hospital
stay and width of the free surgical margin. Perioperative
mortality was defined as death within 90 days after the
procedure or before hospital discharge.

Surgical technique

OLR was performed in a standard technique with lapa-
rotomy through a reversed L-shaped incision using ribs
retractors in the supine position of the patient. Segments
7 and 8 were resected after full mobilization of the right
lobe with the anterior approach to the Glissonean pedicles.
Caudate lobe was resected after full left lobe and Spigel
lobe mobilization without left lobe transection or resection
for caudate lobe approaching. LLR was performed as pure
laparoscopic procedures without a hand-assistant maneu-
ver. An anti-Trendelenburg position (30°) of the table was
used in all cases. In segment 7 resection the right-side-up
or left lateral decubitus position was used with trocars
placed, as described by Kazaryan et al. (2011) [5]. For
segments 1, 4a and 8 resections, patients were treated in
the supine position. The placing of the trocars for segment
4a and 8 resections was shifted to the left with the inser-
tion of the optical port several centimeters higher and to
the left of the umbilicus. One of the surgical trocars was
inserted above the optical port and below the left costal
arch, the other along the midline in the middle between the
umbilicus and the xiphoid process. In the case of conver-
sion, a hybrid technique was applied through the upper
midline incision 8—12 cm long. Different techniques were
used for liver parenchyma division depending on the type
of approach. Water-jet or ultrasound destructors in com-
bination with bipolar forceps were applied during LLR.
Open approach implied the use of various techniques:
crash clamping and mentioned above devices adapted for
open procedures. Although the Pringle maneuver was not
applied routinely, a tourniquet was installed around the
hepatoduodenal ligament in all cases.
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Statistical analysis

Propensity score matching was applied for balancing
covariates and reducing the drawbacks of an observa-
tional study. Logistic regression was used for propensity
score estimation with an 1:1 nearest-neighbor matching.
Patients in groups were matched on following covariates:
age; gender; American Society of Anesthesiologists score
(ASA); TNM stage of the primary tumor; size of the larg-
est metastases; multiple metastases; bilobar metastases;
proximity to the large hepatic vessels; anatomical resec-
tion; response to neo-adjuvant chemotherapy; response to
adjuvant chemotherapy.

Continuous data presented as median values were
compared using the Mann—Whitney U test. Two-tailed
Fisher’s Exact Test was used for comparing categorical
variables. Survival was estimated using Kaplan—Meier
curves. Overall survival was calculated from the first liver
resection until death by any cause. Disease-free survival
was defined as the time from liver resection until relapse
of the disease in any site or death of any cause. A P-value
of less than 0.05 was considered statistically significant.
SPSS version 23.0 (IBM SPSS, Inc., Chicago, IL) soft-
ware package was applied for data analysis.

Table 1 Demographic and preoperative data

Results

One hundred eighty-five patients underwent liver resec-
tion for CRLM, including 93 LLR and 92 OLR. PSS were
resected in 77 patients, which accounted for 42% of the
total number of liver resections. LLR was performed in
51 patients, representing 66% of the total number of PSS
resections.

Demographic data before and after matching are pre-
sented in Table 1. Preoperative data were well balanced in
terms of factors affecting immediate outcomes and survival.
Before and after matching, no differences were found in the
median size of the largest metastatic tumor, proximity to
the large liver vessels and rate of anatomical parenchyma
sparing resection of PSS, as the most contributing factors for
difficulty index. However, the difficulty index maintained an
upward trend in the group of LLR before and after match-
ing. A positive response to chemotherapy before and after
surgery as the most important factor for survival was almost
the same after matching in both groups. The median size
of the largest metastatic tumor was 40 and 50 mm in the
LLR group before and after PSM, respectively. The size of
the largest metastases was above 50 mm in more than one-
third of patients who received LLR, regardless of matching.
Irrespectively to PSM, close adhesion of metastases to large
hepatic vessels was registered in a quarter of patients who
underwent LLR.

Factors Before matching After matching

Minimally Open (n=26) P Minimally Open (n=20) P

invasive invasive

(n=51) (n=20)
Age, year 59 (41-84) 57 (46-79) 0.871 62 (43-81) 59 (46-79) 0.386
Gender (f/m), n 30/21 16/10 0.818 14/6 13/7 0.736
ASA 3(1-3) 3(2-3) 0.062 3(2-3) 3(2-3) 0.540
TNM stage 3 (1-4) 3 (1-4) 0.689 3 (1-4) 3 (1-4) 0.805
Median size of largest metastatic tumor, mm 40 (10-98) 46 (15-100) 0.384 50 (15-98) 44 (15-100) 0.309
Rate of metastases > 50 mm, n (%) 17 (33%) 10 (39%) 0.656 9 (45%) 7 (35%) 0.519
Proximity to the large hepatic vessels, n (%) 12 (24%) 8 (31%) 0.493  5(25%) 6 (30%) 0.655
Anatomical resection, 1 (%) 22 (43%) 9 (35%) 0.471 7 (35%) 8 (40%) 0.744
Difficulty index, point 7.0 (4.8-11,1) 6.1 (2.9-10,7) 0.091 7,2(4,8-11,8) 6,4(2,9-10,7) 0.189
Mean number of lesions, n 2(1-9) 3(1-9) 0.098 3(1-6) 3(1-6) 0.977
Bilobar lesions, n (%) 25 (49%) 10 (39%) 0.379 10 (50%) 7 (35%) 0.337
Previous abdominal surgery, n (%) 34 (67%) 19 (73%) 0.566 15 (75%) 14 (70%) 0.841
Neoadjuvant chemotherapy, 1 (%) 42 (82%) 22 (85%) 0.802 17 (85%) 15 (75%) 0.429
Positive response to neoadjuvant chemo (RECIST), n (%) 27 (53%) 16 (62%) 0.473 13 (65%) 12 (60%) 0.744
Adjuvant chemotherapy, n (%) 39 (77%) 21 (81%) 0.667 16 (80%) 15 (75%) 0.705
Positive response to adjuvant chemo (RECIST), n (%) 36 (71%) 18 (69%) 0.902 15 (75%) 14 (70%) 0.723

@ Springer



Surgical Endoscopy (2021) 35:96-103

99

Immediate outcomes before and after matching are pre-
sented in Table 2. Before matching, intraoperative blood
loss, ICU stay and hospital stay were significantly greater
in the group of OLR. No differences were found after match-
ing, nevertheless, there was an obvious tendency to reduce
blood loss and hospital stay in the group of LLR. Conver-
sion to hybrid technique was performed in two patients due
to oncological reasons. Rate of major morbidity (>1II, Cla-
vien—Dindo) did not differ between groups before and after
matching. No 90-day mortality was observed within both
groups.

There were no differences in immediate and long-term
oncological outcomes. The free surgical margin was almost
the same after matching in both groups. In the whole series,
the median time of follow-up before and after matching was
26 (6-134) and 28 (6—134) months, respectively. After PSM,
the median follow-up period in groups of LLR and OLR was
26 (6-63) and 31 (7-134) months, respectively. Despite the

Table 2 Outcomes after minimally invasive and open liver resection

lack of differences, the overall 5-year survival rate looked
better in LLR group before PSM and appeared equal after
matching (Figs. 2, 3). Disease-free 4-year survival did not
differ before matching and became identical in both groups
after PSM (Figs. 4, 5).

Discussion

It is well known that PSS is the most difficult part of the liver
for surgical intervention, with both open and minimally inva-
sive approach. The reason for the high difficulty of resection
for lesions located in the posterosuperior region of the liver
is not only poor visualization and restriction in manipula-
tion but also the proximity of the large hepatic veins and
their confluence with IVC. In this study, patients with
parenchyma-sparing resection of segments 1, 4a, 7 and 8
were included. At several consensus conferences, the expert

Factors Before matching After matching
Minimally invasive Open (n=26) P Minimally invasive  Open (n=20) P
(n=51) (n=20)
Blood loss (mL) 282 (0-3300) 435 (20-1800) 0.006 346 (0-3300) 389 (20-1800) 0.055
Operation time (min) 327 (80-755) 339 (140-780) 0.734 363 (110-680) 328 (140-780) 0.371
Major morbidity (Clavien— 8 (17%) 3(12%) 0.623 3(15%) 2 (10%) 0.633
Dindo > 2), n (%)
ICU stay (h) 38 (0-312) 39 (0-96) 0.042 44 (0-312) 39 (0-96) 0.313
Hospital stay (day) 9 (4-29) 11 (6-28) 0.015 10 (5-26) 11 (6-19) 0.080
Free margin (mm) 6 (1-20) 8 (3-20) 0.076 7 (1-20) 8 (3-20) 0.308
Overall 5-year survival, % 60 65 0.981 78 63 0.574
Disease-free 4-year survival, % 23 20 0.648 27 27 0.859
P values < 0.05 are given in bold
Fig.2 Overall 5-year survival Cumulative Proportion Surviving (Kaplan-Meier)
before PSM 160% |
90% |
o, 80% _
2 70% |
B
§ 60%r 0 =mem=-==---
S 50% |
o
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g 40% — Open liver resection
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20% |
10% |
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o 20 40 60 80 100 120 140 160
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Fig.3 Overall 5-year survival
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panel suggestion on PSS resection was unanimous regard-
ing advanced expertise that is required for this highly com-
plex type of resection, especially when performed anatomi-
cally. At a consensus conference in Louisville, laparoscopic
resections of PSS were considered “major” resections from
a technical point of view [6]. At the Second International
Consensus Conference held in Morioka, the jury notes that
parenchyma-sparing PSS resection is not minor operation
and may be more complex laparoscopically than larger pro-
cedures resecting more liver parenchyma [7]. According to
the latest international guidelines adopted two years ago in
Southampton, the laparoscopic approach was recommended
as standard practice for resection of lesions located in easy
to reach segments. More complex procedures, including
resection of PSS, have been suggested to be performed by
experienced surgeons in selected patients in experienced
and high volume centers [1]. In the previously published
series of liver PSS resection, the authors drew attention to
the need for patient selection. Indications limited the size of
the tumor and excluded major vascular involvement [5, 8].
According to the expert’s recommendation, tumor adjacent
to large hepatic vessels is not a contraindication for LLR, if
performed in an expertized center [9].

Even though parenchyma-sparing resection of liver PSS
remains a challenging procedure, clinical practice suggests
that this type of procedure can be as safe and radical as OLR,
if regularly performed in high volume specialized centers.
In our practice, the rate of parenchyma-sparing liver PSS
resection was 42% among all patients with CRLM. In this
series, 66% of PSS resections were performed using the
laparoscopic approach. Previous authors discovered diver-
sity between LLR and OLR of PSS in the following factors,
like the size of the metastatic tumors (> 30 mm); deep and
multiple metastases; metastases adjacent to large vessels.
All of the factors mentioned above were in favor of OLR
or conversion to it [10]. Unlike these authors, we did not
find any differences in preoperative tumor characteristics
between LLR and OLR groups. The tumor size, large hepatic
vessel proximity, rate of anatomical parenchyma-sparing
resection of PSS were the same in both groups. It is well
known that all of these three factors contribute to the diffi-
culty index proposed by Japanese authors for the estimation
of laparoscopic liver resection complexity [4]. Surprisingly,
the difficulty index discovered the tendency to increase in
the group of LLR compared to OLR.

In our series, we did not use transthoracic ports for resec-
tion of PSS segments. Liver posterior aspects appropriate
visualization, which was described as the main advantage
of the transthoracic approach, may be achieved through
abdominal trocars by following consecutive steps of the pro-
cedure [11]. In the case of segment VIII resection, we found
that the shifting of optical and working trocars position to
the left provided an excellent view of the operation field

and adequate dexterity of surgical manipulation. Regarding
short-term outcomes, our study confirmed the suggestion on
reduced blood loss and hospital stay after the LLR of PSS in
comparison with open procedures [12].

The crucial issue about technically challenging laparo-
scopic parenchyma-sparing liver resection is oncological
outcomes of this procedure. The gold standard remains
OLR. At present, there are still no meta-analyses and ran-
domized trials on long-term outcomes of PSS resection.
The only prospective randomized study (Oslo-Comet Trial)
included published this year subgroup analysis of immediate
outcomes of PSS resection in patients with CRLM, where
less blood loss and shorter hospital stay were revealed after
LLR without differences in complication rate in comparison
with OLR [13].

Oncological outcomes of LLR for CRLM are not inferior
to those after OLR as it was confirmed on the last consensus
conference in Southampton [1]. Despite the expert panel
judgment on validation of LLR in selective patients with
CRLM with the priority of parenchyma-sparing approach,
there is still a limited number of studies investigated imme-
diate oncological outcomes and long-term survival after
LLR and OLR of PSS for CRLM. In two available articles,
2-year and 3-year disease-free survival was estimated. Two-
year overall survival was evaluated at only one of these stud-
ies [9, 11].

In a multicenter study included analysis of six centers
experience, outcomes of 52 OLR and 49 LLR of PSS were
compared. Three-year disease-free survival was the same
(36%) [11]. In the paper from MD Andersen center, the
rate of LLR of PSS resection was only 11% referred to the
whole number of PSS resections. Twenty-nine patients in
each group were matched, including those, underwent major
hepatectomy. No differences were found in short-term onco-
logical outcomes, included 2-year disease-free and overall
survival [9].

In our study, we did not find differences in 5-year over-
all and 4-year disease-free survival between LLR and OLR
of PSS for CRLM. Non-significant improvement in overall
5-year survival in the laparoscopic group may be due to an
increase in the number of patients with a positive response
to neoadjuvant and adjuvant chemotherapy.

As there were no differences in the tumor characteristics,
immediate outcomes and long-term survival between LLR
and OLR before and after matching it may be suggested that
laparoscopic approach is justified in the majority of patients
whom open parenchyma-sparing PSS resection is indicated
if LLR supposed to be performed by the expertized surgical
team. Nevertheless, LLR of PSS should not be considered
in patients with tumor invasion in large hepatic vessels and/
or IVC.

The drawbacks of our study were its retrospective design
and the limited number of patients included.
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Conclusion

In our series of laparoscopic PSS resection for CRLM,
expanding indications to laparoscopic approach has
increased its rate to more than 50% of the whole number
of PSS resections without the difference in immediate out-
comes and long-term survival between LLR and OLR. In
selected patients, laparoscopic parenchyma-sparing resec-
tion of PSS for CRLM is justified on the base of immediate
and long-term oncological outcomes comparative estima-
tion. Parenchyma-sparing resection of PSS for CRLM may
be recommended as routine practice in high volume special-
ized centers expertized in laparoscopic liver surgery.
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