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Abstract: Background: Bleeding is a negative outcome predictor in liver surgery. Reduction in
the abdominal wall trauma in major hepatectomy is challenging but might offer possible benefits
for the patient. This study was conducted to assess hemostasis techniques in single-port major
hepatectomies (SP-MajH) as compared to multiport major hepatectomies (MP-MajH). Methods:
The non-randomized study comprised 34 SP-MajH in selected patients; 14 MP-MajH served as the
control group. Intraoperative blood loss and number of blood units transfused served as the primary
endpoints. Secondary endpoints were complications and oncologic five-year outcome. Results:
All resections were completed without converting to open surgery. Time for hepatectomy did not
differ between SP-MajH and MP-MajH. Blood loss and number of patients with blood loss > 25 mL
were significantly larger in MP-MajH (p = 0.001). In contrast, bleeding control was more difficult in
SP-MajH, resulting in more transfusions (p = 0.008). One intestinal laceration (SP-MajH) accounted
for the only intraoperative complication; 90-day mortality was zero. Postoperative complications
were noted in total in 20.6% and 21.4% of patients for SP-MajH and MP-MajH, respectively. No
incisional hernia occurred. During a median oncologic follow-up at 61 and 56 months (SP-MajH and
MP-MajH), no local tumor recurrence was observed. Conclusions: SP-MajH requires sophisticated
techniques to ensure operative safety. Substantial blood loss requiring transfusion is more likely to
occur in SP-MajH than in MP-MajH.

Keywords: hepatectomy; single-port laparoscopy; radiofrequency pre-coagulation

1. Introduction

The scientifically proven benefits of minimally invasive liver surgery justify the effort
to further develop the technique [1]. Single-port laparoscopy (SP) is regarded as the
most ambitious approach to minimize abdominal wall trauma in hepatic resection. The
successful concept of aligning the entire procedure only via the incision that is necessary
to retrieve the specimen has been scientifically evaluated in various organ systems such
as colorectal and biliary surgeries [2,3]. In addition, the possibility to avoid vascular
injury in portal hypertension by reducing the number of incisions and to alleviate repeated
interventions for hepatic metastasis by preventing the formation of adhesions can be
considered potential benefits in the group of these patients.

As compared to multiport laparoscopy, SP liver surgery is advantageous in terms
of reduced blood loss while providing the same effectiveness and optimal patient safety
and recovery [4].
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Due to the technical obstacles encountered, such as the combination of different instru-
ments that have to be delivered simultaneously through one single fulcrum to expose the
operation field and to provide suction, flushing, coagulation or clipping, SP major hepatic
resection (SP-MajH) is not performed at most liver centers. In particular, intraoperative
bleeding control is at the center of interest as blood loss is one of the main adverse prog-
nostic parameters for short-term and long-term outcomes [5,6]. Pre-coagulation by means
of intraoperative radiofrequency-assisted transection of the hepatic parenchyma allows
for ideal blood vessel sealing, without an increase in biliary complications [7]. We were
previously able to demonstrate that SP minor liver resection benefits from the possibility to
use inline pre-coagulation [8].

The study was conducted to evaluate the currently largest series of SP-MajH compared
to multiport laparoscopic major hepatectomies (MP-MajH) with regard to bleeding control.

2. Materials and Methods

From September 2008 to November 2018, a total of 96 SP liver resections with inline
pre-coagulation were performed at the surgical department of the St John of God Hospital,
Salzburg, Austria. This accounts for 22.4% of all hepatic resections (n = 429) and 1.9% of
the SP patient cohort (n = 5095) in that period of time.

Procedures were categorized as minor and major liver resection according to the
2nd International Consensus Conference for Laparoscopic Liver Surgery [9]. Major liver
resection was defined as removal of >2 Couinaud segments or resections including at least
one of the segments I, IVa, VII or VIII. Difficulty index, including tumor location, extent of
liver resection, tumor size, proximity to major vessels and liver function, was calculated as
proposed by Ban and colleagues [10].

A total of 34 single-port laparoscopic major hepatectomies (SP-MajH) were consecu-
tively performed during the study period (study population).

At the same time, 14 multiport major hepatectomies (MP-MajH) with the identical
procedural strategy were also performed (29.2% of all minimally invasive major liver
resections) solely because of a lack of resources for SP surgery. These patients served as the
control group in the comparison between SP and MP major hepatic resections.

All types of benign and malignant liver diseases requiring surgical treatment were
considered for enrolment in the study. Prior abdominal surgery, higher age, obesity or
unfavorable American Society of Anesthesiologists (ASA) scoring were not regarded
as a contraindication for the SIL approach. Exclusion criteria for minimally invasive
surgery were defined as follows: Child–Pugh B or C cirrhosis, future liver remnant volume
<50%, tumor growth in close approximation to vital pedicles and as the only relative
contraindication for SIL denial at the surgeon’s discretion.

Preoperative routine testing, including CT and MRT, was performed according to
international guidelines. Indication for the operation was confirmed by the local tumor
board in all malignant cases. Informed consent was obtained from all patients following
the standards of the Helsinki Declaration. The SP technique was approved by the local
ethics committee. All SP procedures were performed by surgeons trained in both hepato-
bilio-pancreatic surgery and advanced SP.

2.1. Procedure

Patients were placed in the reverse Trendelenburg position (20◦ head up) with their
legs apart (French position). For posterior or right lateral resections, a 45◦ left lateral
decubitus position alleviated exposure. Single-port access was obtained through the
umbilicus, pre-existing scars in the upper abdomen (midline or subcostal) or a right
subcostal incision in the midclavicular line (Figure 1).

The GelPort™ (n = 38; Applied Medical, Rancho Santa Margarita, CA, USA) and the
OctoPort™ (n = 10; DalimSurgNET, Frankenman Group, Seoul, Korea) in combination
with the AirSeal™ System (SurgiQuest, Milford, CT, USA) were used to maintain the
pneumoperitoneum at 12 mmHg.
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Figure 1. Image of the abdominal scar following single-port (SP) major hepatectomy (resections of
segments VII and VIII).

A 10 mm, 30◦ extra-long optic and at least one articulating grasper were used through-
out all procedures. Suction or retraction was controlled by the surgical assistant guiding
the instrument through the same port. Suspending sutures for the triangular ligament
were placed as needed. Laparoscopic ultrasound ensured the proper resection margin. The
Pringle maneuver was not used routinely.

Exposure of central pedicles was mastered by means of bipolar cautery and clips.
Prior to parenchymal transection, inline pre-coagulation was primarily accomplished with
the HABIB 4X bipolar resection device (RITA Medical Systems, AngioDynamics, Latham,
NY, USA). Liver packing was performed to prevent thermal injury to surrounding organs
or the diaphragm. Parenchymal transection was subsequently performed with monopolar
scissors or the LigaSureV™ (Medtronic, Dublin, Ireland) device. The CUSA (Cavitron
Ultrasonic Surgical Aspirator; Medtronic, Dublin, Ireland), hemoclips, parenchymal sutures
or vascular staplers served as second-line devices as needed.

Specimen retrieval was realized with a tear-proof bag (Espiner Medical, Clevedon,
UK), allowing tissue compression to minimize the incisional length and guarantee correct
pathohistological assessment.

Hemostatic matrix foam (Flowseal™, Baxter, Deerfield, IL, USA) or TachoSil™ fibrin
sealant patch (Baxter, Deerfield, IL, USA) were applied at the surgeon’s discretion. Wound
closure was performed with monofilament, non-reabsorbing fascial running sutures and
intra-cuticular stitches. No drainage was installed routinely.

Bleeding control served as the primary endpoint. As the smallest measurable unit of blood
loss represents 25 mL in our routine protocol, this was set as the cut line for minimal blood loss
in this study. Secondary endpoints were identified as intra- and postoperative complications as
well as the appropriate histopathological outcome in malignancies with regard to free resection
margins and local recurrence within a median follow-up of five years.

2.2. Statistics

Data were prospectively collected and documented in an Access database (Microsoft
Corporation, Redmond, WA, USA). A mathematician (TH) not involved in data collection
performed the statistical analyses using R, version 3.4.1 (https://www.r-project.org/). Con-
tinuous data are presented as mean ± SD with min–max; categorical data are represented
as n (%). Differences between groups were assessed using Welch’s two-sample T test for
continuous variables and Fisher’s exact test (where applicable) or Pearson’s chi-squared
test for categorical variables. A p value < 0.05 was considered statistically significant.

https://www.r-project.org/
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3. Results

Demographic parameters of patients undergoing SP-MajH and MP-MajH are sum-
marized in Table 1 (Tab 1); procedural parameters are summarized in Table 2 (Tab 2). All
major liver resections were able to be performed with the particular laparoscopic technique
without converting to open surgery. One patient with simultaneous colorectal resection was
converted to facilitate dissection in the narrow pelvis after successful SP hepatectomy. In
SP-MajH, the transumbilical approach was used in 14 (41.2%) patients, whereas 19 (55.9%)
resections were performed through a right subcostal incision. Additional trocars were
delivered in 3/34 (8.8%) of SP-MajH for better exposure of the operating field. Suspending
sutures were used in two patients for retraction on the falciform ligament.

Table 1. Demographics.

SP-MajH MP-MajH Estimate with 95% CI p Value

Number (n) 34 14

Female gender (n) 13 (38.2%) 6 (42.9%) 1.21 (0.28 to 5.07) 1

Age (years) mean (SD) 63.4 (12.8) 62.4 (15.2) 0.9 (−8.7 to 10.5) 0.964

BMI (kg/m2) mean (SD) 26.4 (3.9) 27.4 (4.9) −0.9 (−4 to 2.1) 0.61

ASA > 2 (n) 19 (55.9%) 4 (28.6%) 0.32 (0.06 to 1.41) 0.117

Liver cirrhosis Child–Pugh A (n) 6 (17.6%) 6 (42.9%) 3.4 (0.7 to 17.08) 0.139

Previous surgery (n) 22 (64.7%) 9 (64.3%) 0.98 (0.23 to 4.63) 1

Malignant underlying
disease 27 (79.4%) 13 (92.9%) 0.30 (0.01 to 2.79) 0.407

Future remnant liver volume (%, SD) 78.6 (14.7) 70.4 (11.7) 8.3 (0.1 to 16.5) 0.042

SP-MajH, single-port major hepatectomies; MP-MajH, multiport major hepatectomies; CI, confidence interval; ASA, American Society of
Anesthesiologists.

Table 2. Procedural parameters.

SP-MajH MP-MajH Estimate with 95% CI p Value

Surgery time (min) mean (SD) 163.8 (80.3) 208.1 (93.1) −44.2 (−103.4 to 15) 0.146

Difficulty index mean (SD) 6.6 (1.8) 8.7 (2) −2.1 (−3.3 to −0.8) 0.004

Blood loss (mL) mean (SD) 354.4 (833.6) 564.3 (745.5) −209.9 (−713 to 293.3) 0.001

Patients with blood loss > 25 mL (n) 11 (32.4%) 13 (92.9%) 25.33 (3.11 to 1195.26) <0.001

RBC units (n) 7 (20.6%) 1 (7.1%) 0.3 (0.01 to 2.79) 0.407

Skin incision (cm) mean (SD) 4.8 (2.1) 5.7 (1.7) −0.9 (−2.1 to 0.3) 0.027

Maximum specimen size (cm) 10.4 (5.1) 10.5 (4.3) −0.1 (−3.1 to 2.9) 0.798

Minimum specimen size (cm) 5.2 (2.8) 5.1 (2.5) 0 (−1.7 to 1.7) 0.657

SP-MajH, single-port major hepatectomies; MP-MajH, multiport major hepatectomies; CI, confidence interval; RBC, red blood cell.

With respect to prior surgical interventions, limited and extended SP adhesiolysis was
performed in 13 and 6 patients.

Numbers and type of hepatic resections for SP-MajH/MP-MajH were 4/2 right hepa-
tectomies, 6/1 left hepatectomies, 7/5 right posterior bi-segment lateral resections and 17/6
single segmentectomies (Segment 7 or Segment 8). Intraoperative bleeding control during
deep parenchymal dissection was achieved by pre-coagulation (Habib 4X) in 22 (64.7%)
SP-MajH and 9 (64.3%) MP-MajH. In all other situations, additional thorough preparation
with CUSA, bipolar energy, Hemoloc clips and staplers was necessary to ensure safety.
Amount of blood loss and number of patients with intraoperative blood loss greater than
25 mL were significantly higher in the MP group. However, the individual amount of
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blood lost in these patients during SP and MP surgery yielded in mean 1095.5 and 607.7 mL
for SP-MajH and MP-MajH, respectively (p = 0.56, estimate with 95% CI 487.8 (−387.8
to 1363.4)). It is of note that 63.7% (7/11) of SP-MajH patients with bleeding during the
procedure required red blood cell (RBC) packs, whereas only one out of 13 (7.7%) patients
with bleeding during MP-MajH was given RBC units (p = 0.008, odds ratio (OR) 17.94 (1.59
to 1014.8)). One colon laceration during adhesiolysis accounted for the only intraoperative
complication other than bleeding in the SP-MajH group. With regard to concomitant
procedures in nine patients, the particular time for liver resection was calculated as mean
± SD 133 ± 53 min in SP-MajH. The surgical approach served as the retrieval site in all
patients. The incisional length matched the minimum diameter of the specimen.

Wound closure was documented and evaluated by the surgeon as optimal (n = 48),
suboptimal (with minor flaws, n = 0) or poor (with major flaws, n = 0) at the end of SP and
MP procedures. Surgical site infections were not observed in any patient.

Postoperative complications classified as Grade 2 or higher according to Dindo-
Clavien (DC) [11] were documented in seven (20.6%) and three (21.4%) patients in SP-MajH
and MP-MajH, respectively (p = 1, estimate with 95% CI 1.05 (0.15 to 5.75)). Types of
complications were pleural effusion (n = 4, DC 3a), abscess formation (n = 1, DC 3a), ascites
(n = 1, DC 2) and bilioma (n = 1, DC 3a) in patients with SP-MajH and pleural effusion
(n = 2, DC 3a) and acute cholecystitis (n = 1, DC 3b) in the MP-MajH group.

Postoperative stay was in mean ± SD 10.6 ± 5.5 days for SP-MajH and 11.6 ± 6.4 days
for MP-MajH (p = 0.838, estimate with 95% CI −0.9 (−5 to 3.2)); 90-day mortality was zero in
all patients.

Pathology

The underlying diseases are listed in Table 3 (Tab 3). Pathologic assessment yielded
specimens without tumor lacerations in all patients with malignant disease. Histology revealed
free resection margins in 27 (100%) of 27 specimens and 13 (100%) of 13 specimens in SP-
MajH and MP-MajH patients, respectively. During a median oncologic follow-up of 61 and
56 months (SP-MajH and MP-MajH), four (14.8%) and five (38.5%) patients suffered from
recurrent diseases (apart from the resection plane or metastatic disease), whereas two patients
(7.4% and 15.4%) in either SP-MajH or MP-MajH died during the observation period.

Table 3. Underlying diseases.

SP-MajH MP-MajH

Benign diseases

Giant hemangioma 5 -

Adenoma - 1

Abscess formation 2 -

Malignant diseases

• Primary liver tumors

Hepatocellular carcinoma 8 7

Cholangiocellular carcinoma 1 -

• Liver metastases

Colorectal cancer 8 6

Neuroendocrine tumors 4 -

Pancreatic cancer 4 -

Breast cancer 1 -

Ovarian cancer 1 -
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4. Discussion

During the past decade, SP minor liver resection has been increasingly seen to make
good surgical sense due to its proven benefits of minimal invasiveness and optimal cos-
metic outcome [3,4,12–15]. Unfortunately, the SP concept is bothersome for the surgeon as
it involves an uncommon type of triangulation and a limited number of deployed instru-
ments. Bleeding control is crucial and technically demanding in all types of laparoscopic
liver surgery as reduced bleeding can contribute to prolonged disease-free survival and
overall survival [16]. Therefore, the possible high risks of intraoperative bleeding, longer
procedural time and greater personal workload are the feared drawbacks of SP-MajH that
make surgeons reluctant to offer this minimized approach technique to their patients. A
meta-analysis evaluating patients with SP hepatectomies found a significant reduction in
blood loss as compared to conventional laparoscopic liver resection [4]. This finding was
confirmed in our study as the number of patients with intraoperative bleeding and the total
amount of blood loss were significantly larger in the multitrocar population than in the SP
cohort. However, this finding might be misleading: when substantial bleeding occurred in
SP-MajH, almost two thirds of these patients required RBC transfusions. When more com-
plex instrument manipulation is required during intraoperative emergencies in SP-MajH,
meticulous dissection and hemostasis maneuvers, especially suture techniques, might be
hampered. Delivering additional trocars for procedural safety in 8.8% of such interventions
did not compensate this disadvantage in the study population. This unfavourable technical
characteristic in SP surgery is of even more importance since the procedural difficulty index
was significantly higher in MP-MajH in this study. With the intent to alleviate parenchy-
mal transection, inline pre-coagulation by means of radiofrequency [7] did not meet the
primary endpoint of sufficient bleeding control as a stand-alone technique in laparoscopic
major hepatectomies (SP-MajH and MP-MajH) in about one third of procedures. When
dealing with more challenging anatomical situations defined by a significantly higher
difficulty index in comparison to minor hepatic resections, pre-coagulation techniques
are therefore not regarded as the gold standard in parenchymal transection in minimally
invasive major hepatectomy [9].

It is of note that a meta-analysis [17] documented better bleeding control but a higher
rate of postoperative abscess formation but not biliary leakage or blood transfusion in the
inline pre-coagulation group than for crush–clamp liver resections. The complication rates
in SP-MajH and MP-MajH presented here reflect the complexity of the underlying disease
and are more than acceptable in comparison to complication rates published for open or
laparoscopic major hepatectomies (25.9% and 22.4%) [18]. The meta-analysis by Wang et al.
showed no significant difference in terms of procedural time when comparing conventional
laparoscopy and SP liver surgery [4]. When considering the fact that about two thirds of
all study patients underwent combined procedures, the median operative time of less than
three hours and the calculated median time for major hepatectomy of about two hours are
comparable to procedural times published for laparoscopic and open liver resections [19,20].
The study presented here is embedded in our SP experience exceeding 5000 procedures.
Having performed the first MP laparoscopic major hepatectomy and the first pure SP minor
hepatectomy in 2008 [21], we further developed SP-MajH in a group of highly selected
patients when overcoming an SP-specific learning curve of more than 1000 performed
procedures. In addition to all intraabdominal manipulations, the incisional length allows
adequate pathohistologic specimen harvest and an optimal cosmetic result in all patients
with SP-MinH or SP-MajH. In MP-MajH, specimen retrieval is performed mostly via a
Pfannenstiel incision for reduced wound complication rates and improved function and
cosmesis [22]. Our standard of care in major hepatectomies includes an intensive care unit
(ICU) treatment for the first two days and an observation at the normal ward for another
eight days at least, regardless of an open or laparoscopic approach. This is closely related
to national insurance policies and the resulting case-specific reimbursement, hampering
any reasonable comparison between the groups. Remarkably, during a five-year follow-up,
no wound complication occurred in the entire study population. As the SP concept itself
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by no means confirms increased hernia rates, we currently aim for a total percentage of
2% late onset hernias in ten years of advanced SP surgery at our department. Due to the
heterogeneity of our study collective with regard to tumor entity, it is difficult to assess
oncological safety other than to document tumor lacerations, free resection margins and
local recurrence. In contrast to non-ablative techniques, it is under debate whether margins
extending into the ablation zone should be regarded as R1 resection (which did not occur in
any of the study patients). Moreover, none of the patients developed local recurrence at the
hepatic resection plane during the follow-up period, which speaks for both the accuracy
of the SP technique and the value of inline pre-coagulation as an applicable transection
mode. However, the authors are certain that meticulous anatomical preparation in all types
of liver surgery with tumors adjacent to vital hepatic pedicles or the vena cava must be
performed with instruments capable of more precise manipulation such as CUSA, hydro-jet
and crush–clamp in combination with clips, staplers or sutures. The argument for the
cost effectiveness (direct cost savings of 27.6% of disposables) enabling inline radiofre-
quency pre-coagulation is certainly not tenable in patients with SP-MajH when there is a
substantial risk of perioperative bleeding. The literature has demonstrated convincingly
that perioperative complications turned out to determine the financial burden [23]. It
should be noted that certain factors might limit the study. The non-randomized study
design and strict patient selection following the aforementioned exclusion criteria should
be regarded as a limiting factor before generalizing these results. It must be emphasized
that, if the required safety could not be guaranteed with SP, a decision for conventional
surgery was made at the discretion of the surgeon. A significantly higher difficulty index
in the MP-MajH group and a trend to a longer surgery time might be interpreted as a
consequence of this. Hospital stay did not serve as a valid outcome parameter for patient
recovery in order to compare groups, as hospital and insurance policies—instead of the
patient condition alone—were determining factors in the duration of hospital stay. Quality
of life was not assessed in this study, but it has been reported that SP results in better
quality of life [11,12] than does conventional surgery. The evaluation of any additional
benefit other than a reduction in abdominal wall trauma (shorter skin incisions) in the
single-port versus the multiport approach was not scientifically targeted. This includes,
but is not limited to, biomarkers, such as circulating tumor cells, circulating nucleic acids,
extracellular vesicles and proteins. Targeting these biomarkers might have unravelled
differences in some oncological entity more sophistically and represents an interesting
future perspective. Emphasizing the calculated overall survival and disease-free survival
would have no basis for justification due to the heterogeneity of the study population with
malignancies and again was not the aim of this study. Therefore, we did not match open
cohorts with the study population.

5. Conclusions

Intraoperative bleeding, although not common in minimally invasive liver resection,
requires unrestricted immediate manipulation, which might be hampered in SP-MajH.
Inline radiofrequency pre-coagulation failed to achieve sufficient hemostasis in laparoscopic
major hepatectomies. With sufficient experience in both SP and liver surgery, a low
complication rate and good oncologic outcome represented by surrogate parameters in
strictly selected patients could be demonstrated in our study. However, SP-MajH should
still be considered experimental at this time.

Author Contributions: Conceptualization, C.M., M.W. and H.W.; methodology, E.B. and J.S.; formal
analysis, T.H.; investigation, C.M., M.W., J.S., E.B., K.F., C.O., M.d.C., V.K., E.G.; statistical analysis
T.H.; writing—original draft preparation, all authors; writing—review and editing, all authors;
administration, H.W. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.



J. Clin. Med. 2021, 10, 374 8 of 9

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the local ethics committee “Salzburger Ethikkommission”
(protocol number 415-EP/73/25-2011).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to the hospital’s privacy policy.

Acknowledgments: The authors gratefully acknowledge the valuable discussions with Peter Paal.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ciria, R.; Cherqui, D.; Geller, D.A.; Briceno, J.; Wakabayashi, G. Comparative Short-term Benefits of Laparoscopic Liver Resection:

9000 Cases and Climbing. Ann. Surg. 2016, 263, 761–777. [CrossRef] [PubMed]
2. Weiss, H.; Zorron, R.; Vestweber, K.-H.; Vestweber, B.; Boni, L.; Brunner, W.; Sietses, C.; Conde, S.M.; Bulut, O.; Gash, K.; et al.

ECSPECT prospective multicentre registry for single-port laparoscopic colorectal procedures. Br. J. Surg. 2017, 104, 128–137.
[CrossRef] [PubMed]

3. Morales-Conde, S.; Peeters, A.; Meyer, Y.M.; Antoniou, S.A.; Del Agua, I.A.; Arezzo, A.; Arolfo, S.; Ben Yehuda, A.; Boni, L.;
Cassinotti, E.; et al. European association for endoscopic surgery (EAES) consensus statement on single-incision endoscopic
surgery. Surg. Endosc. 2019, 33, 996–1019. [CrossRef]

4. Wang, Y.-B.; Xia, J.; Zhang, J.-Y.; Gong, J.P.; Wang, X.-M. Effectiveness and safety of single-port versus multi-port laparoscopic
surgery for treating liver diseases: A meta-analysis. Surg. Endosc. 2016, 31, 1524–1537. [CrossRef] [PubMed]

5. Tranchart, H.; O’Rourke, N.; Van Dam, R.; Gaillard, M.; Lainas, P.; Sugioka, A.; Wakabayashi, G.; Dagher, I. Bleeding control
during laparoscopic liver resection: A review of literature. J. Hepato Biliary Pancreat. Sci. 2015, 22, 371–378. [CrossRef]

6. Cescon, M.; Vetrone, G.; Grazi, G.L.; Ramacciato, G.; Ercolani, G.; Ravaioli, M.; Del Gaudio, M.; Pinna, A.D. Trends in
perioperative outcome after hepatic resection: Analysis of 1500 consecutive unselected cases over 20 years. Ann. Surg. 2009,
49, 995–1002. [CrossRef]

7. Reccia, I.; Kumar, J.; Kusano, T.; Giakoustidis, A.; Zanellato, A.; Retsas, P.; Habib, N.; Jiao, L.; Spalding, D.; Pai, M. Radiofrequency-
assisted liver resection: Technique and results. Surg. Oncol. 2018, 27, 415–420. [CrossRef]

8. Weiss, M.; Mittermair, C.; Brunner, E.; Schirnhofer, J.; Obrist, C.; Pimpl, K.; Hell, T.; Weiss, H. Inline radiofrequency pre-coagulation
simplifies single-incision laparoscopic minor liver resection. J. Hepato Biliary Pancreat. Sci. 2015, 22, 831–836. [CrossRef]

9. Wakabayashi, G.; Cherqui, D.; Geller, D.A.; Buell, J.F.; Kaneko, H.; Han, H.S.; Asbun, H.; O’rourke, N.; Tanabe, M.; Koffron, A.J.;
et al. Recommendations for laparoscopic liver resection: A report from the second international consensus conference held in
Morioka. Ann. Surg. 2015, 261, 619–629.

10. Ban, D.; Kudo, A.; Ito, H.; Mitsunori, Y.; Matsumura, S.; Aihara, A.; Ochiai, T.; Tanaka, S.; Tanabe, M.; Itano, O.; et al. The difficulty
of laparoscopic liver resection. Updat. Surg. 2015, 67, 123–128. [CrossRef]

11. Dindo, D.; Demartines, N.; Clavien, P.A. Classification of surgical complications: A new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann. Surg. 2004, 240, 205. [CrossRef] [PubMed]

12. Machairas, N.; Papaconstantinou, D.; Gaitanidis, A.; Hasemaki, N.; Paspala, A.; Stamopoulos, P.; Kykalos, S.; Sotiropoulos, G.C.
Is Single-Incision Laparoscopic Liver Surgery Safe and Efficient for the Treatment of Malignant Hepatic Tumors? A Systematic
Review. J. Gastrointest. Cancer 2019, 51, 425–432. [CrossRef] [PubMed]

13. Claude, T.; Daren, S.; Chady, S.; Alexandre, M.; Alexis, L.; Daniel, A. Single incision laparoscopic hepatectomy: Advances in
laparoscopic liver surgery. J. Minim. Access Surg. 2014, 10, 14–17.

14. Hu, M.; Zhao, G.; Wang, F.; Xu, D.; Liu, R. Single-Port and Multi-Port Laparoscopic Left Lateral Liver Sectionectomy for Treating
Benign Liver Diseases: A Prospective, Randomized, Controlled Study. World J. Surg. 2014, 38, 2668–2673. [CrossRef] [PubMed]

15. Struecker, B.; Haber, P.; Öllinger, R.; Bahra, M.; Pascher, A.; Pratschke, J.; Schmelzle, M. Comparison of Single-Port Versus
Standard Multiport Left Lateral Liver Sectionectomy. Surg. Innov. 2018, 25, 136–141. [CrossRef]

16. Rahbari, N.N.; Garden, O.J.; Padbury, R.; Maddern, G.; Koch, M.; Hugh, T.J.; Fan, S.T.; Nimura, Y.; Figueras, J.; Vauthey, J.-N.;
et al. Post-hepatectomy haemorrhage: A definition and grading by the International Study Group of Liver Surgery (ISGLS). HPB
2011, 13, 528–535. [CrossRef]

17. Xiao, W.-K.; Chen, N.; Hu, A.-B.; Peng, B.-G.; Guo, Y.-Z.; Fu, S.-J.; Liang, L.-J.; Li, S.-Q. Radiofrequency-assisted versus clamp-crush
liver resection: A systematic review and meta-analysis. J. Surg. Res. 2014, 187, 471–483. [CrossRef]

18. Rao, A.; Rao, G.; Ahmed, I. Laparoscopic or open liver resection? Let systematic review decide it. Am. J. Surg. 2012,
204, 222–231. [CrossRef]

19. Twaij, A.; Pucher, P.H.; Sodergren, M.H.; Gall, T.; Darzi, A.; Jiao, L.R. Laparoscopic vs open approach to resection of hep-
atocellular carcinoma in patients with known cirrhosis: Systematic review and meta-analysis. World J. Gastroenterol. 2014,
25, 8274–8281. [CrossRef]

20. Ratti, F.; Cipriani, F.; Ariotti, R.; Giannone, F.; Paganelli, M.; Aldrighetti, L. Laparoscopic major hepatectomies: Current trends
and indications. A comparison with the open technique. Updat. Surg. 2015, 67, 157–167. [CrossRef]

http://doi.org/10.1097/SLA.0000000000001413
http://www.ncbi.nlm.nih.gov/pubmed/26700223
http://doi.org/10.1002/bjs.10315
http://www.ncbi.nlm.nih.gov/pubmed/27762435
http://doi.org/10.1007/s00464-019-06693-2
http://doi.org/10.1007/s00464-016-5199-9
http://www.ncbi.nlm.nih.gov/pubmed/27553801
http://doi.org/10.1002/jhbp.217
http://doi.org/10.1097/SLA.0b013e3181a63c74
http://doi.org/10.1016/j.suronc.2018.05.024
http://doi.org/10.1002/jhbp.295
http://doi.org/10.1007/s13304-015-0302-7
http://doi.org/10.1097/01.sla.0000133083.54934.ae
http://www.ncbi.nlm.nih.gov/pubmed/15273542
http://doi.org/10.1007/s12029-019-00285-y
http://www.ncbi.nlm.nih.gov/pubmed/31388921
http://doi.org/10.1007/s00268-014-2610-3
http://www.ncbi.nlm.nih.gov/pubmed/24867469
http://doi.org/10.1177/1553350617752010
http://doi.org/10.1111/j.1477-2574.2011.00319.x
http://doi.org/10.1016/j.jss.2013.10.055
http://doi.org/10.1016/j.amjsurg.2011.08.013
http://doi.org/10.3748/wjg.v20.i25.8274
http://doi.org/10.1007/s13304-015-0312-5


J. Clin. Med. 2021, 10, 374 9 of 9

21. Brunner, W.; Schirnhofer, J.; Waldstein-Wartenberg, N.; Frass, R.; Pimpl, K.; Weiss, H. New: Single-incision transumbilical
laparoscopic surgery. Eur. Surg. 2009, 41, 98–103. [CrossRef]

22. Teixeira, A.R.F.; Pilla, V.F.; Makdissi, F.F.; Machado, M.A.C. A Simple Technique for Large Tumor Removal During Laparoscopic
Liver Resection. Surg. Laparosc. Endosc. Percutaneous Tech. 2008, 18, 589–591. [CrossRef] [PubMed]

23. Cosic, L.; Szakmany, T.; Churilov, L.; Debono, D.; Nikfarjam, M.; Christophi, C.; Weinberg, L. The financial impact of postoperative
complications following liver resection. Medicine 2019, 98, e16054. [CrossRef] [PubMed]

http://doi.org/10.1007/s10353-009-0462-0
http://doi.org/10.1097/SLE.0b013e3181809e8d
http://www.ncbi.nlm.nih.gov/pubmed/19098666
http://doi.org/10.1097/MD.0000000000016054
http://www.ncbi.nlm.nih.gov/pubmed/31277099

	Introduction 
	Materials and Methods 
	Procedure 
	Statistics 

	Results 
	Discussion 
	Conclusions 
	References

