
Abstract. Background/Aim: Novel techniques for liver
parenchymal transection have emerged and they are available
to the hepatobiliary surgeon. The aim of our study was to
compare two types of ultrasonic scalpels (Lotus and
Harmonic) and examine how they perform either alone or in
combination with the SonaStar ultrasonic surgical aspiration
system regarding postoperative bleeding and bile leakage.
Patients and Methods: Our prospectively maintained database
of patients who underwent liver resections in our Department
was reviewed. One hundred and two patients with solid liver
lesions underwent liver resection by a senior hepatobiliary
surgeon in our department during a period of 51 months. They
were divided into four groups according to the devices that
were used for liver parenchymal transection. Results: Patients
were divided into the following groups: group 1: Lotus, 32
patients (31.4%); group 2: Lotus+SonaStar, 27 patients
(26.5%); group 3: Harmonic, 27 patients (26.5%); group 4:
Harmonic+SonaStar, 16 patients (15.7%). There were 5 cases
of postoperative bleeding and 9 cases of postoperative bile
leakage. No significant difference was found concerning
postoperative bleeding (group 1: 2/32; 6.3%, group 2: 2/27;
7.4%, group 3: 0/27; 0%, group 4: 1/16; 6.3%) (p=0.577).
Furthermore, no actual difference was detected in terms of
postoperative bile leakage (group 1: 2/32; 6.3%, group 2:
3/27; 11.1%, group 3: 3/27; 11.1%, group 4: 1/16; 6.3%)
(p=0.866). Conclusion: Both Lotus and Harmonic ultrasonic

scalpels provide adequate and similar results concerning
postoperative hemorrhage and cholorrhea.

Hepatic resections are acknowledged as highly challenging
surgical procedures due to the particular biliary and vascular
hepatic anatomy, eventual underlying chronic liver diseases
and potentially hard-to-control bleeding from parenchymal
transection. As the technology of surgical instruments and
equipment advances, new modalities have been added in the
arsenal of hepatobiliary surgeons for the treatment of liver
tumors. Novel techniques for liver parenchymal transection
have emerged and they are available to the hepatobiliary
surgeon, along with the old technique of clamp-crush. Some
of the most used modalities that have been tested for liver
resection are ultrasonic aspirator systems (e.g. cavitron
ultrasonic surgical aspirator (CUSA)), ultrasonic scalpels (e.g.
Harmonic, Lotus), vessel-sealing systems (e.g. LigaSure,
Enseal), dissection through radiofrequencies (e.g.
(radiofrequency dissecting sealer (RFDS)), saline-linked
radiofrequency sealer (SLRS) (e.g. Salient Dissecting Sealer),
hydrojet and vascular staplers (1-9). Most studies and meta-
analyses focusing on the impact of the exact type of liver
parenchymal transection method on intraoperative and
postoperative outcomes compare the novel modalities with the
old clamp-crush technique mainly and the various categories
of new techniques with each other secondarily (1, 5, 6, 10-14). 

The objective of our study was to compare two types of
ultrasonic scalpels, the Lotus (laparoscopic operation by
torsional ultrasound) ultrasonic scalpel and the Harmonic
ultrasonic scalpel, and to examine how they perform either
alone or in combination with the SonaStar ultrasonic surgical
aspiration system, focusing on the occurrence of
postoperative bleeding and bile leakage. 

Patients and Methods

Patients. We reviewed our prospectively maintained database of
patients who underwent liver resections in our department. One
hundred and two patients with solid liver lesions underwent liver
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resection by a senior hepatobiliary surgeon in our department during
a period of 51 months. Our database was reviewed regarding
patients’ gender, age and body mass index (BMI), presence of liver
cirrhosis, type of tumor, number of lesions, size of lesions, the
hepatic segments that were infiltrated by the tumor, the exact type
of hepatic resection and whether it corresponded to major
hepatectomy (≥3 liver segments), whether the operation was
performed open or laparoscopically, duration of vascular occlusion
(Pringle maneuver or total vascular occlusion), total operating time,
devices used for liver parenchymal transection, Dindo-Clavien
classification of surgical complications (15) and presence of
postoperative bleeding or bile leakage. 

The patients were divided into four groups according to the
devices that were used for liver parenchymal transection. The first
group included hepatectomies performed with Lotus ultrasonic
scalpel (Lotus Liver Resector, BOWA-electronic GmbH & Co. KG,
Gomaringen, Tübingen, Germany) alone, the second group included
hepatectomies performed with Lotus Liver Resector and SonaStar
ultrasonic surgical aspiration system (Misonix Inc., Farmingdale,
NY, USA), the third group included hepatectomies performed with
Harmonic ultrasonic scalpel (Harmonic ACE +7 Shears, Ethicon
Inc., Somerville, NJ, USA) alone and the fourth group included
hepatectomies performed with Harmonic ACE +7 Shears and
SonaStar ultrasonic surgical aspiration system. This study conforms
to the Declaration of Helsinki and the guidelines of the Ethical
Committee of our institution. All patients gave their informed
consent to participate in this study.

Statistical analysis. Chi-square test and Fisher’s exact test were used
for comparisons among groups with categorical variables. Logistic
regression analysis was used for multivariate analysis when the
dependent outcome was a categorical dichotomous variable. All the
tests were two-tailed. Results were considered statistically
significant if the p-value was less than 0.05.

Results

Patients’ characteristics. One hundred and two patients (61
men and 41 women) underwent liver resection for solid
hepatic lesions. The mean age was 60.6 years (SD: 12.8
years) and the median age was 62 years (min-max: 19-86
years). The first group (Lotus) included 32 patients (31.4%),
the second (Lotus+SonaStar) 27 patients (26.5%), the third
(Harmonic) 27 patients (26.5%) and the fourth
(Harmonic+SonaStar) 16 patients (15.7%). Table I shows
patients’ and tumor characteristics, as well as intraoperative
and postoperative data.

Impact of liver parenchymal transection technique on
postoperative bleeding. Five cases (4.9%) of postoperative
bleeding were recorded, which were treated conservatively
with transfusion of blood and fresh frozen plasma, thus
representing a grade II surgical complication according to the
Dindo-Clavien classification (13). No significant impact of
liver parenchymal transection technique on postoperative
bleeding was found. In particular, no significant difference
was detected when the four groups were compared to each

other (p=0.577), since 2 cases of postoperative bleeding
were noted in group 1 (2/32; 6.3%), 2 cases in group 2 (2/27;
7.4%), no case in group 3 (0/27; 0%) and 1 case in group 4
(1/16; 6.3%). Table II shows the incidence of postoperative
bleeding among the different groups.

Impact of liver parenchymal transection technique on
postoperative bile leakage. Nine cases (8.8%) of
postoperative bile leakage were recorded, which were treated
with some form of intervention, but without requiring general
anesthesia [grade IIIA surgical complication according to the
Dindo-Clavien classification (13)], namely percutaneous
drainage of biloma (4 cases), percutaneous transhepatic
cholangiography (PTC) (3 cases), combined percutaneous
drainage of biloma and PTC (1 case) or endoscopic
retrograde cholangiopancreatography (ERCP) (1 case). 

No significant impact of liver parenchymal transection
technique on postoperative bile leakage was found. In
particular, no significant difference was detected when the
four groups were compared to each other (p=0.866), since 2
cases were observed in group 1 (2/32; 6.3%), 3 cases in
group 2 (3/27; 11.1%), 3 cases in group 3 (3/27; 11.1%) and
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Table I. Patients’, tumor, intraoperative and postoperative data.

Gender                                   Male: 61, Female: 41
Age                                        Mean±SD: 60.6 years±12.8
                                               Median (min-max): 62 years (19-86)
Body mass index (BMI)       Mean±SD: 26.4±3.7
                                               Median (min-max): 26 (17.2-38.3)
Liver cirrhosis                       Yes: 10, No: 92
Type of tumor                       Hepatocellular carcinoma: 33
                                               Cholangiocarcinoma: 21
                                               Liver metastases: 40
                                               Liver cell adenoma: 3
                                               Focal nodular hyperplasia: 1
                                               Hemangioma: 4
Number of lesions                 Solitary: 65, Multiple: 37
Maximum tumor diameter    Mean±SD: 5.1 cm±3.9
                                               Median (min-max): 4.2 cm (0.4-18.3)
Major hepatectomy               Yes: 25, No: 77
Type of operation                  Open: 81, Laparoscopic: 21
Pringle maneuver                  Yes: 54, No: 48
Duration of Pringle              Mean±SD: 13.4 minutes±15.8
maneuver                              Median (min-max): 8 minutes (0-60)

Total operating time              Mean±SD: 195.8 minutes±70.5
                                               Median (min-max): 190 minutes (60-420)
Devices                                  Lotus: 32
                                               Lotus + SonaStar: 27 
                                               Harmonic: 27 
                                               Harmonic + SonaStar: 16
Surgical complication          Yes: 11, No: 91
≥ grade III 

Postoperative bleeding          Yes: 5, No: 97
Postoperative bile leakage    Yes: 9, No: 93



1 case in group 4 (1/16; 6.3%). Table II shows the incidence
of postoperative bile leakage among the different groups.

Discussion

Although liver surgery has become more widespread and new
modalities have been added to the surgical instruments that
the hepatobiliary surgeon has at his/her disposal, the rates of
complications after hepatic resections remain relatively high,
with mortality ranging between 0.3% and 9.7% and morbidity
ranging between 4.1% and 47.7% in the various studies
addressing this issue. The high levels of morbidity and
mortality after hepatectomies that have been reported in
several studies can be attributed, at least partly, to the advance
of surgical techniques and the expansion of criteria for liver
resection. Due to them, hepatobiliary surgeons adopt more
technically challenging procedures, which are directed
towards parenchymal-sparing operations and in many cases
are applied to frail patients. Common postoperative
complications include fever, subphrenic abscess, pleural
effusion, ascites, coagulation disorders, intraperitoneal
bleeding, hemobilia, bile leakage, etc. (16, 17). Specifically,
for postoperative bleeding and bile leakage, the reported
incidence is 4.2%-10% and 4%-17%, respectively (16-19).

Initially, liver parenchymal dissection was performed
without sophisticated modalities, mainly using the clamp-
crush technique, in which surgical clamps were used to crush
liver parenchyma, in order for small blood vessels and bile
ducts to become exposed and ligated. However, new
techniques for liver parenchymal transection have emerged
and are available to the hepatobiliary surgeon, such as
ultrasonic aspirator systems (e.g. CUSA), ultrasonic scalpels
(e.g. Harmonic, Lotus), vessel-sealing systems (e.g. LigaSure,
Enseal), dissection through radiofrequencies (e.g. RFDS),
saline-linked radiofrequency sealer (SLRS) (e.g. Salient
Dissecting Sealer), hydrojet and vascular staplers (1-9).
CUSA (Tyco Healthcare, Mansfield, MA, USA) and SonaStar
combine the energy created by ultrasounds with aspiration for
the transection of hepatic parenchyma and skeletonization of
small blood vessels and bile ducts, which then can be ligated.
Ultrasonic scalpels, such as Harmonic and Lotus, use
vibrating ultrasonic shears to coagulate and cut tissues. Thus,
they seal and divide small blood vessels and transect hepatic
parenchyma. Vessel-sealing systems, such as LigaSure

(Covidien, Mansfield, MA, USA) and Enseal (Ethicon Inc.,
Somerville, NJ, USA), occlude blood vessels and divide liver
parenchyma by combining pressure with bipolar diathermy.
On the other hand, RDFS uses radiofrequencies to
thermocoagulate liver parenchyma, which is transected
afterwards (2, 4, 7). Another type of surgical instrument is the
Salient Dissecting Sealer (Salient Surgical Technologies,
Portsmouth, NH, USA), formerly known as TissueLink, with
which blunt parenchymal dissection and seal of small vessels
are achieved by using radiofrequencies and cool saline as a
conductor. Furthermore, dissection with hydrojet is another
technique using water jet with high pressure, which breaks
apart hepatic parenchyma and skeletonizes small blood
vessels and bile ducts (2, 7). Finally, vascular staplers are also
used for liver parenchymal transection, along with division
of major blood vessels (2, 4, 7-9).  

Several studies have been conducted and evaluated the
impact of the exact type of liver parenchymal transection
method on intraoperative and postoperative outcomes (1, 5,
6, 10-14). However, most studies and meta-analyses have
focused on comparing the novel modalities with the old
clamp-crush technique mainly and the various categories of
new techniques with each other secondarily. As far as
postoperative bleeding and bile leakage are concerned, data
can be collected by several original studies and meta-
analyses (1, 5, 6, 10-14). A meta-analysis conducted by
Alexiou et al. found no significant differences between
CUSA and RFDS on one hand and the clamp-crush
technique on the other hand in regards to postoperative bile
leakage. On the contrary, vessel-sealing systems seemed to
have lower risk for postoperative cholorrhea when compared
with the clamp-crush technique (1). However, in a meta-
analysis conducted by Rahbari et al., no actual differences
were detected in terms of postoperative bile leakage when
the clamp-crush technique was compared with ultrasonic
scalpels, vessel-sealing systems, RFDS, saline-linked
radiofrequency sealer and hydrojet. The same meta-analysis
also showed that the clamp-crush technique has lower
transfusion rates than dissection with hydrojet, but no
significant differences with ultrasonic scalpels, vessel-sealing
systems, RFDS, or saline-linked radiofrequency sealer
concerning postoperative bleeding (6). Furthermore, Aoki et
al., Bodzin et al. and Appéré et al. reported that there is no
actual difference between CUSA and Harmonic ultrasonic
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Table II. Postoperative bleeding and bile leakage.

                                              Lotus                       Lotus+SonaStar                     Harmonic                      Harmonic+SonaStar                        p-Value

Bleeding                                 2/32                                  2/27                                   0/27                                       1/16                                       0.577
Bile leakage                           2/32                                  3/27                                   3/27                                       1/16                                       0.866



scalpel (10, 13, 14). Moreover, Mbah et al. detected no
significant difference between Enseal and Harmonic
ultrasonic scalpel regarding postoperative hemorrhage or
cholorrhea (12). Finally, Richter et al. found no difference
in terms of postoperative hemorrhage or cholorrhea when
they compared CUSA, hydrojet and SLRS (11). 

Our study is the first attempt to compare two different
surgical instruments of the same category, namely ultrasonic
scalpels, in terms of postoperative bleeding and bile leakage,
and to examine their results when they are used alone or in
combination with an ultrasonic surgical aspiration system.
Our results suggest that Harmonic and Lotus ultrasonic
scalpels do not differ in the rates of postoperative bleeding
and bile leakage when used either alone or combined with
the SonaStar ultrasonic surgical aspiration system. Further
studies are needed in order to identify the most suitable
surgical instruments and equipment for liver parenchymal
transection that result in lower rates of postoperative
bleeding and bile leakage.
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