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Abstract
Background Minimally invasive liver surgery is increasing
worldwide. The benefit of the robot in this scenario is current-
ly controversially discussed. We compared our robotic cases
vs. laparoscopic and open minor hepatic resections and share
the experience.
Material and methods From 2011 to 2015, ten patients
underwent robotic and 19 patients underwent laparoscopic
minor liver resections in the Department of Surgery,
University Hospital Erlangen. These patients were compared
to a case-matched control group of 53 patients. The perioper-
ative prospectively collected data were analyzed
retrospectively.
Results Blood loss was significantly decreased in the robotic
(306 ml) and laparoscopic (356 ml) vs. the open (903 ml)
surgery group (p=0.001). Mean tumor size was 4.1–4.8 cm
in all groups (p=0.571). Negative surgical margins were pres-
ent in 94 % of the open and 100 % of the laparoscopic and
robotic group (p=0.882). Time for surgery was enlarged for
robotic (321 min) vs. laparoscopic (242 min) and open
(186 min) surgery (p=0.001). Postoperative hospitalization
was decreased after robotic (7 days) and laparoscopic
(8 days) vs. open (10 days) surgery (p=0.004). Total morbid-
ity was 17 % for open, 16 % for laparoscopic, and 1 % for
robotic cases (p=0.345). Postoperative pain medication and
elevation of liver enzymes were remarkably lower after min-
imally invasive vs. open procedures.

Conclusion Minimally invasive liver surgery can be per-
formed safely for minor hepatic resections and should be con-
sidered whenever possible. Minor liver resections can be per-
formed by standard laparoscopy equivalent to robotic proce-
dures. Nevertheless, the robot adds a technical upgrade which
may have benefits for challenging cases and major liver
surgery.
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Introduction

Minimally invasive liver surgery is increasing worldwide. It is
used for benign and malignant liver diseases. Initially, series
recommended laparoscopic approaches for left lateral and an-
terior liver segments with minor tumor size (≤5 cm) only
[1–3]. But currently, the left lateral resection is recommended
as a standard of care for laparoscopic procedures [4, 5]. The
technique has improved, and now, all liver segments can be
reached by minimally invasive procedures [6–8]. In experi-
enced hands, even major resections can be performed safely
[9, 10]. Patients benefit from laparoscopic technique with less
blood loss, less postoperative pain, and less hospitalization,
and the oncologic results are equivalent to open liver resec-
tions [5, 11]. In the case of liver metastases, they can be trans-
ferred to adjuvant chemotherapy earlier compared to open
procedures [12].

The use of robots is increasing worldwide for various indi-
cations. It may add some new technical innovations to im-
prove the quality of operations in surgical oncology.
Especially when precise vessel dissection or major sewing is
needed, the robot adds an upgrade to conventional laparosco-
py. But it still has several limitations like missing haptic
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feedback, long operation times, and the currently high costs.
These facts lead to ongoing discussions about its value for
clinical routine procedures. There are several series published
which demonstrate that minor and major liver resections can
be performed safely by robotic assistance [13]. This was also
confirmed for hepatic donor resections in liver transplantation
[14]. Encouraged by these data, we were the first center in
Germany starting with robotic-assisted liver resections [15].
We present here our initial experience in minor liver resections
compared to laparoscopic and case-matched open procedures.

Material and methods

Patients

We selected patients which underwent minor liver resections in
the Department of Surgery, University Hospital Erlangen, in
2011–2015. Criteria for minimally invasive liver surgery were
≤2 lesions during clinical imaging (CT scan, MRI) and resec-
tion ≤3 segments required. The decision was made by a mul-
tidisciplinary hepatobiliary tumor board. Tumor size, neoadju-
vant treatment, liver disease, malignant lesion, or prior abdom-
inal surgery was no exclusion criteria. Cases which underwent
minor open liver resection during the same time period were
selected from our database, and a case-matched comparison
between open, laparoscopic, and robotic-assisted procedures
was performed. To evaluate perioperative morbidity, all com-
plications were collected during the patients’ hospital stay.
Mortality was defined as dead within postoperative hospitali-
zation. Postoperative pain was assessed by a numeric rating
scale reaching from 1 (less pain) to 10 (severe pain). The data
of patients were collected prospectively and analyzed in a ret-
rospective study. Patient demographics are listed in Table 1.

Surgery

For open surgery, a right subcostal incision (∼15 cm) was
performed which was extended to the midline. The liver was
mobilized and the affected liver segments were exposed.
Parenchyma dissection was carried out with Cavitron
Ultrasonic Surgical Aspirator (CUSA) (Valleylab Boulder,
CO, USA). Intrahepatic vessels and bile ducts were ligated
or clipped selectively. Intraoperative ultrasound was per-
formed not routinely during open surgery. Three surgeons
performed all open procedures.

Laparoscopic liver resections were performed in a three- or
four-trocar technique depending on the demand. Ultrasound
was used in each case to determine resection margins and
intraoperative liver screening. Parenchyma dissection was
performed with a harmonic scalpel as recently described [8].
Intrahepatic vessels and bile ducts were clipped. Major bile
ducts were closed by laparoscopic sutures. The specimens

were removed via a recovery bag through a Pfannenstil inci-
sion or in the case of prior surgery during a reincision of a
preexisting scar.

Robotic-assisted liver resections were performed using the
da Vinci robotic system (Intuitive Surgical, Inc., CA, USA) in
a recently described fashion [15]. The robot was located com-
ing from the patient’s right shoulder. Trocars were placed in
the left and right upper abdomen. Intraoperative ultrasound
was used in every case to determine the resection margin
and for liver screening. Parenchyma dissection was performed
using the harmonic scalpel or the monopolar scissors. Minor
intrahepatic vessels and bile ducts were clipped while major
bile ducts and vessels in selected cases underwent robotic
sewing. Specimens were removed in the same way as de-
scribed for laparoscopy. All minimally invasive liver resec-
tions were performed by one surgeon only.

Perioperative cost analysis

To evaluate perioperative costs for the different procedures,
representative cases from open, laparoscopic, and robotic-
assisted liver resections were compared. For the open tech-
nique, costs for the CUSA hand sampler were included. For
laparoscopic and robotic procedures, a harmonic scalpel and
one stapler was calculated. For each procedure, a clipping
device was part of the calculation. In the robotic group, the
proportional maintenance charges for the robot and the specif-
ic coverage were included in the cost analysis.

Statistics

The chi-square test was used for comparison of categor-
ical data, and the Kruskal-Wallis test or ANOVA was
used to compare quantitative data. A p value of less than
0.05 was considered to be significant. Analyses were
performed using the statistical software package SPSS
version 21.0 (SPSS Inc., Chicago, USA).

Results

Perioperative findings

Ten patients underwent robotic-assisted, 19 patients laparo-
scopic, and 53 patients open liver resections regarding our
selection criteria. No significant differences in age, body mass
index (BMI), or ASA scoring were identified between the
groups. Although prior abdominal surgery was no exclusion
criteria for minimally invasive procedures, significantly more
patients were referred to open surgery than to laparoscopic
procedures (p=0.003). There was no significant difference
between open and robotic case selection (p=0.233) or lapa-
roscopic vs. robotic patients (p=0.151) in this manner. No
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differences in adhesions were found intraoperatively between
all groups. In the open surgery group, 49 patients, in the lap-
aroscopic group, 5 patients, and in the robotic group, 10 pa-
tients, suffered frommalignancies. In four patients of the open
and laparoscopic group but in no patient of the robotic group,
benign liver tumors (Adenoma, FNH, hemangioma) were an
indication for surgery. No significant differences regarding the
indication were identified between the groups (p=0.118).
Preoperative laboratory levels showed no signs of anemia,
progressed liver disease, or severe inflammation within or
between the groups (Table 1).

An average of two liver segments was removed in each
group with a higher range in the open and laparoscopic group
(range 1–3 liver segments) compared to the robotic group
(range 1–2 liver segments). But this difference was not statis-
tically significant (p = 0.838). There was no significant

difference regarding the weight of the removed specimens
(p=0.409). The operative time was significantly increased in
the robotic vs. the open group (p<0.001). But there were no
statistical differences between the open vs. laparoscopic
(p = 0.075) and the robotic vs. laparoscopic (p = 0.104)
groups. Perioperative estimated blood loss (ESBL) was sig-
nificantly increased in the open surgery group vs. the laparo-
scopic (p=0.001) and the robotic surgery group (p=0.007).
No differences in ESBL between laparoscopic and robotic
surgeries were identified (p=0.897). Perioperative red blood
cell transfusion did not differ between the groups. Mean re-
quired units were 0.81 in the open, 0.11 in the laparoscopic,
and 0.2 in the robotic group (p=0.271). Drains were signifi-
cantly more often placed in the open vs. laparoscopic surgery
group (p=0.006). No significant differences were identified
between the open vs. robotic (p=0.075) or laparoscopic vs.

Table 1 Patient demographics
and preoperative findings of
patients which underwent open,
laparoscopic, or robotic-assisted
surgery

Open Laparoscopic Robotic p

Patients, n 53 19 10

Gender, M/F 39/14 13/6 8/2 0.794

Age, years (range) 62 (26–87) 59 (32–85) 64 (45–76) 0.848

BMI median (mean) 27 (26.6) 26 (26.6) 28 (28.3) 0.304

ASA, n (%)

I 4 (8) 2 (11) 1 (11) 0.806
II 30 (57) 7 (37) 4 (44)

III 18 (34) 9 (47) 4 (44)

IV 1 (2) 1 (5) 0 (0)

Previous abdominal surgery, mean (range) 1.36 (0–4) 0.58 (0–3) 0.90 (0–2) 0.007

Adhesions, n (%) 31 (59) 6 (32) 4 (40) 0.105

Indication for surgery

Malignancies, total n 49 5 10 0.118

CLM, n 35 5 5

HCC, n 7 5 4

CCC, n 2 2 1

Other LM, n 5 3 0

Benign disease, total n 4 4 0

Adenoma, n 3 1 0

FNH, n 1 2 0

Hemangioma, n 0 1 0

Preoperative lab

Hemoglobin (g/dl), mean (SD) 13.5 (2) 13,1 (2.1) 14.5 (1.4) 0.159

Platelet count (*10^3/μl), mean (SD) 224 (75) 250 (109) 199 (56) 0.258

INR, mean (SD) 1.03 (0.08) 1.06 (0.08) 1.02 (0.06) 0.255

Serum total bilirubin (mg/dl), mean (SD) 0.6 (0.3) 0.6 (0.2) 0.6 (0.3) 0.834

AST (U/l), mean (SD) 36 (22) 33 (12) 34 (17) 0.954

ALT (U/l), mean (SD) 32 (20) 34 (26) 29 (15) 0.965

CRP (mg/l), mean (SD) 12.2 (26.2) 11.1 (21.7) 7.7 (6.8) 0.767

ASA American Association of Anesthesiologists scoring system, CLM colorectal liver metastases, HCC hepato-
cellular carcinoma, CCC cholangiocellular carcinoma, LM liver metastases, FNH follicular nodular hyperplasia,
Lab laboratory values, INR international ratio, AST aspartate aminotransferase, ALT alanine aminotransferase,
CRP C-reactive peptide
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robotic (p=0.104) groups. Although only patients with ≤2
liver lesions identified during clinical imaging were selected
for minimally invasive procedures, in 5 % of the laparoscopic
and 20% of the robotic group, more ≥3 lesions were identified
during histopathological workup of the specimens. In the open
surgery group in 13 %, ≥3 lesions were found. There was no
significant difference regarding lesion side (p=0.264) and
tumor size (p=0.571) between the groups. Complete tumor
removal with negative histopathological margin was achieved
in 94% of the open and 100 % of the laparoscopic and robotic
groups (p=0.427). Mean margin was 0.7 cm in the open,
0.76 cm in the laparoscopic, and 0.57 cm in the robotic group
(p=0.882). The percentual distribution of steatosis was simi-
lar in the three groups (p=1.000). Liver cirrhosis was more
frequent in the laparoscopic (21 %) and the robotic (20 %) vs.
the open surgery group (8 %) without any statistical signifi-
cance (p=0.220) (Table 2).

Morbidity and mortality

Total morbidity was 32 % in the open, 16 % in the laparoscop-
ic, and 11 % in the robotic group (p=0.345). Most patients
suffered from minor postoperative complications (Clavien-
Dindo I–II). These problems were identified in 25 % of pa-
tients in the open, 11 % in the laparoscopic, and 10 % in the

robotic group. One patient of each group developed small-
bowel fistula after surgery. In the case of robotic-assisted sur-
gery, this was a minor small-bowel fistula which could be
handled by drainage. Five patients in the open and two patients
in the laparoscopic surgery group suffered from postoperative
infections (pneumonia, wound infection). One patient in the
open vs. no patient in the laparoscopic or robotic group devel-
oped cholangitis. Biliary fistula after surgery was identified in
one patient of the open and one patient of the laparoscopic
group which could be treated by nasobiliary tube. Eight per-
cent of patients in the open group suffer from postoperative
morbidity Clavien-Dindo IIIB. One of these patients devel-
oped small-intestine fistula which needed reoperation; two pa-
tients suffered from postoperative bleeding and one patient
needed osteosynthesis after postoperative trauma. One patient
(5 %) in the laparoscopic group developed duodenal perfora-
tion after surgery postoperative day 2, suffered from peritonitis,
and died after open revision (Clavien-Dindo V). No patient
died in the robotic and open surgery group (Table 3).

Postoperative course

The postoperative time for oral died was prolonged after open
surgery. This took a mean period of 3.5 days (range 1–10) for
patients after open, 2.2 days (range 1–4) after laparoscopic,

Table 2 Intraoperative
parameters and histopathology of
the resected specimens from
patients which underwent open,
laparoscopic, or robotic-assisted
surgery

Open (n = 53) Laparoscopic (n= 19) Robotic (n = 10) p

Removed segments, n (range) 1.73 (1–3) 1.61 (1–3) 1.70 (1–2) 0.838

Specimen weight, g (SD) 249 (36–1015) 258 (179–335) 196 (62–392) 0.409

Operative time, min (range) 186 (93–384) 242 (80–478) 321 (138–458) 0.001

ESBL, ml 903 356 306 0.001

Drains, amount (range) 1.08 (0–2) 0.63 (0–1) 0.90 (0–1) 0.014

Histopathology

Lesion sides, n (%)

0 1 (2) 0 (0) 0 (0) 0.264
1 38 (72) 15 (79) 8 (80)

2 7 (13) 3 (16) 0 (0)

3 5 (9) 1 (5) 0 (0)

4 1 (2) 0 (0) 2 (20)

9 1 (2) 0 (0) 0 (0)

Tumor size, cm (range) 4.4 (0–16) 4.1 (1.8–8.5) 4.8 (2.9–10.5) 0.571

R0 margin, n (%) 50 (94) 19 (100) 10 (100) 0.427

Surgical margin, cm (range) 0.70 (0–4.5) 0.76 (0.1–3.0) 0.57 (0.1–1.5) 0.882

Liver tissue

Steatosis, n (%)a

Grade 1—mild 15 (79) 4 (67) 4 (80) 1.000
Grade 2—moderate 2 (11) 1 (17) 1 (20)

Grade 3—severe 2 (11) 1 (17) 0 (0)

Liver cirrhosis, n (%) 4 (8) 4 (21) 2 (20) 0.220

ESBL estimated blood loss, R0 histopathological negative margin
a% of histopathologically scored patients
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and 3.3 days (range 2–9) after robotic surgery. This was
statistically significant between open vs. laparoscopic
(p = 0.001), but not for open vs. robotic (p = 0.275) or
laparoscopic vs. robotic (p= 0.081) procedures. The time
course for postoperative pain medication was decreased
after minimally invasive procedures. Especially in the ro-
botic group, there was less intake for morphine and non-
steroidal pain medication observed. But there was no sta-
tistical significance between the groups (p = 0.270)
(Table 3). Subjective pain rating was evidently lower after
minimally invasive procedures (Fig. 1). Postoperative
pain scale levels below 2 at a numeric rating scale were
reached on postoperative day 2 after robotic, postopera-
tive day 3 after laparoscopic, and postoperative day 4
after open surgery. Lowest pain scale levels which were
observed on postoperative day 5 after open procedures
could be identified at postoperative day 2 for robotic
and postoperative day 3 for laparoscopic surgery
(Fig. 1). Nevertheless, the pain scale data failed to reach
statistical significance between the groups. Postoperative
liver enzymes (ALT, AST) were evidently but not statis-
tically significantly evaluated after open vs. minimally
invasive procedures (p= 0.092) (Fig. 2, Table 3). They
decreased postoperatively after surgery in all groups and
developed similar levels on postoperative day 4. But the
open surgery group reached the initial postoperative level
of the laparoscopic group at day 2 and the level of the
robotic group at day 3 (Fig. 2a).

Perioperative costs

Calculated perioperative costs for open surgery were 2.672
Euro, for laparoscopic surgery 3.437 Euro, and for robotic
procedures 8.765 Euro. These are 36 % of the total costs for
open surgery, 42 % for laparoscopic, and 64 % for robotic-
assisted cases.

Discussion

Our study is a further indicator that minimally invasive liver
resections can be performed safely. This is in concordance
with various previous studies which evaluated similar results
[1, 2, 5, 16–18]. Patients benefit from less blood loss, less
postoperative pain, and less hospitalization with equivalent
morbidity, mortality, and oncological results compared to
open procedures which were even the results of our analysis
[5, 12, 16, 17, 19]. Of course we even followed selection
criteria for minimally invasive resections, and only one expe-
rienced surgeon performed robotic and laparoscopic cases.
But we consider ourselves being still in a learning curve.
Therefore, our results represent preliminary experiences
which need validation in a bigger series. More experienced
centers demonstrated the value of minimally invasive ap-
proaches even for major liver resections, reoperations, and
more challenging cases [4, 8–11, 19–25]. Nevertheless, even
in our series, prior abdominal surgery and preexisting liver

Table 3 Postoperative
parameters from patients which
underwent open, laparoscopic, or
robotic-assisted surgery

Open
(n = 53)

Laparoscopic
(n= 19)

Robotic
(n = 10)

p

Postoperative hospitalization, days
(range)

10 (5–43) 8 (4–33) 7 (5–13) 0.004

Total morbidity, n (%) 17 (32) 3 (16) 1 (10) 0.345

Total mortality, n (%) 0 (0) 1 (5) 0 (0) 0.354

Clavien-Dindo, n (%)

I 2 (4) 1 (5) 1 (10) 0.341
II 11 (21) 1 (5) 0 (0)

IIIb 4 (8) 0 (0) 0 (0)

V 0 (0) 1 (5) 0 (0)

Postoperative pain medication

Total, days (range) 7 (1–43) 6 (1–33) 4 (2–9) 0.270

Morphine, days (range) 3 (0–24) 3 (0–33) 0.4 (0–3) 0.200

Metamizole, days (range) 4 (0–28) 4 (0–33) 3 (1–8) 0.382

Postoperative lab

Peak bilirubin, mg/dl (SD) 1.1 (0.8) 0.9 (0.5) 1.1 (0.7) 0.541

Peak AST, U/l (SD) 270 (245) 225 (205) 182 (161) 0.150

Peak ALT, U/l (SD) 268 (242) 200 (163) 191 (190) 0.256

Peak CRP, mg/l (SD) 150 (75) 130 (103) 107 (62) 0.150

AST aspartate aminotransferase, ALT alanine aminotransferase, CRP C-reactive peptide
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disease were not exclusion criteria for minimally invasive
procedures, and this did not result in increased morbidity or
mortality. One major benefit for patients which underwent
minimally invasive liver resection for colorectal liver metas-
tases was recently reported by the Pittsburgh group. They

figured out that these patients underwent postoperative che-
motherapy significantly sooner compared to open procedures
(median 42 vs. 63 days, p<0.001) [12]. This could become a
major argument pro minimally invasive procedures. We de-
scribed a decreased level of measured postoperative liver
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enzymes after minimally invasive procedures which were
lowest after robotic surgery. This is an indicator that the liver
is much less traumatized by the gentle handling during mini-
mally invasive surgery compared to open technique. During
open procedures, the liver is usually mobilized to get access to
the affected segments which are more traumatic for the liver.
In open surgery, parenchymal dissectionwas performedwith a
CUSA. Usually bigger vessels and bile ducts are preserved by
this technique. They can be ligated separately very safely to
prevent bleeding or bile leaks. During minimally invasive
procedures, the parenchymal dissection was carried out with
a harmonic scalpel. Hereby smaller intrahepatic vessels and
bile ducts can be closed effectively. Problems occur if bigger
vessels are captured tangentially and sealed not completely by
the dissector. Then bleeding can arise. Detailed intraoperative
ultrasound with landscaping of intrahepatic vessels prior to
liver dissection can help to prevent this failure. The dissection
with the monopolar scissors which was used during robotic
procedures is another technique to approximate to intrahepatic
vessels and to preserve them if anatomic situations are unclear.
Nevertheless, it must be considered that the tip of the mini-
mally invasive instruments become hot during surgery. This
can damage neighboring organs if a crucial distance is not
respected. But our data demonstrate that parenchymal dissec-
tion can be performed safely during minimally invasive pro-
cedures and are not behind open techniques.

The R1 resection rate in the open procedure group was
higher compared to the minimally invasive cases. But it has
to be considered that the patients in this cohort had a tumor
size up to 16 cm, up to nine lesion sides, and a higher inci-
dence of adhesions with more often prior surgery. Therefore,
they represent a more complex type of unselected cases which
leads to these results.

The operative time for minimally invasive cases and here
especially for the robotic part was higher compared to open
surgery. Furthermore, no significant differences between lap-
aroscopic and robotic procedures could be identified. These
findings are in concordance with recently published findings
which did not evaluate superiority of the robot against stan-
dard laparoscopy [13] [26]. The main problem of the robot is
the added high cost to the procedures. They cannot be reim-
bursed even by decreased postoperative hospitalization in
Germany. At least 6 days of patients’ hospital stay are needed
to achieve complete reimbursement by the current system.
The increased time needed in the operation room which is
partially required for preparing and setting the robot acceler-
ates these effects.

Although robotic liver surgery was performed in a small
group of selected patients, we demonstrated, as the first center
starting robotic liver surgery in Germany with our initial ex-
perience, that robotic minor liver resections can be performed
safely and equivalent to standard laparoscopic procedures.
Minimally invasive liver surgery is not very widespread

in Germany. Our data may encourage other groups to
consider these techniques. The robot adds without any
question a technical upgrade to common laparoscopy.
Especially when precise vessel dissection or advanced
sewing is necessary, using the robot is much more com-
fortable for the surgeon. The EndoWrist, three movable
arms, and excellent visualization are the major benefits
which become evident in these situations. The whole tech-
nology is really convincing, but it must find its indica-
tions during critical comparisons with already established
procedures in surgical oncology. It must be realized that
we are still at the beginning in the era of robotics in
surgery. The technology will persist. It will be improved
over time, and it is the surgeons’ decision being part of
the decision-making for useful indications or to act as
critical observers only.
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