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Abstract

Background Hemorrhage during the liver transection is the major hazard for laparoscopic hepatectomy (LH). We aimed to
evaluate the feasibility and safety of a 915-MHz microwave device used in LH.

Methods Data were retrospectively analyzed regarding 60 patients who underwent LH with or without 915-MHz microwave
coagulation at our center from January 2016 to June 2016. 30 patients underwent the 915-MHz microwave-assisted LH (MW
group), and 30 patients otherwise were considered as control group.

Results No perioperative mortality was observed. Intraoperative blood loss amounts in microwave group and control group
were 26.83 ml and 186.33 ml, respectively (P <0.001). The durations of parenchyma transaction (55.17 vs. 70.83 min,
P <0.001), blood occlusion (2.17 vs. 25.33 min, P <0.001), and operation (120.67 vs. 148.00 min, P <0.001) were much
shorter in microwave group compared with control group. Lower incidence of postoperative complications (0.0 vs. 14.3%,
P=0.038) and shorter length of postoperative hospital stay (6.00 vs. 7.23 days, P=0.027) were also noted in the microwave
group, compared with the control group.

Conclusion 915-MHz microwave-assisted LH was found to be safe and efficient.
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Excessive intraoperative blood loss and blood transfusion
were the primary risk factors associated with the incidence
of postoperative complications and long-term survival [1].
Especially in patients who underwent laparoscopic hepa-
tectomy (LH), achieving hemostasis through compres-
sion, sutures, and other means were more difficult than in
those undergoing laparotomy [2]. Mastering the skills of
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laparoscopic operations and adopting reliable hemostasis
apparatus were the fundamental means of resolving this
problem.

Various instruments were designed and applied to mini-
mize the blood loss during the laparoscopic liver resection
by coagulation of liver parenchyma on the resection plane,
including the Habib™ 4X [3, 4] and 2450-MHz micro-
wave device [5]. However, a few shortcomings impeded
the application of such instruments, such as additional port
for introducing the Habib™ 4X [6], and excessive thermal
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injury of the residual liver parenchyma caused by 2450-
MHz microwave device [7].

The delivery of microwave did not depend on tissue
texture and impedance, and the efficacies of heat produc-
tion and the heating rate were both higher with microwave
than with radiofrequency [8—10]. 915 and 2450 MHz were
the frequencies currently used for tumor therapy, of which,
915 MHz conferred higher heat efficacy and larger range
of coagulation under the same operational parameter. As
the ratio of transverse diameter (TD)/longitudinal diameter
(LD) regarding the coagulation zone of 915-MHz micro-
wave was less than that of the 2450-MHz microwave [11],
a cylindrical coagulation zone was more easily achieved
by 915-MHz microwave which was more optimal for creat-
ing a coagulated resection plane. In the present study, we
determined to investigate the feasibility, safety, and clini-
cal value of 915-MHz microwave-assisted liver dissection
in laparoscopic hepatectomy.

Materials and methods
Microwave thermal coagulation system

The microwave ablation system comprised a KY-2100
portable, microwave generator and a 915-B-type cooled-
shaft microwave antenna (Kangyou Medical Technology
Co. Ltd., Nanjing, China). The power output ranged from
5 to 100 W with the frequency of 915 MHz (£ 1%). The
antenna shaft was coated with Teflon to prevent adhesion.
There were dual channels inside the antenna shaft, and dis-
tilled water was circulated within the shaft by a peristaltic
pump with a velocity of 40 rounds/min. The length of the
antenna was 18 cm, the outside diameter was 1.9 mm, the
width of the crack was 1.5 mm, and the distance from the
crack to the top of the antenna was 22 mm.

Patients

All patients considered for LH between January 2016 and
June 2016 at The First Affiliated Hospital, the School of
Medicine, Zhejiang University, were offered the alterna-
tive of 915-MHz MW-assisted LH, and 30 patients under-
went MW hepatectomy (MW group) after the consent was
obtained. Data of 30 patients who underwent standard LH
(control group) during the same period were retrospec-
tively collected. All patients included in the present study
were diagnosed with unifocal lesion and had no previ-
ous operation history. All patients’ profiles were collected
from medical records on July 31, 2016.
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Surgical procedure

The anesthesia and pneumoperitoneum were established con-
ventionally. Lesions were located using the combination of
intraoperative ultrasound guidance and preoperative three-
dimensional (3D) images reconstructed using IQQA-Liver
(EDDA Technology Inc., Princeton, USA) [12]. The resection
line, which was determined by resection range, was marked on
the liver capsule with a monopolar electrical coagulation hook
to guide the insertion of microwave antenna.

The antenna was penetrated into the liver through a 2-mm
incision on the abdominal wall. The coagulation began at the
site 1 cm away from one end of the marked line. The puncture
depth did not exceed the thickness of the parenchyma, and
the emission power of microwave was 50 W and the emission
duration was 100 s. After the completion of the first coagula-
tion procedure, the antenna was pulled out 5 cm along the
puncture tract to coagulate the next cylindrical parenchyma
connected to the previous one, until the coagulation zone
reached the capsule of liver. Then, the antenna was pierced into
the parenchyma 2 cm away from first site along the marked
line, as measured by a curved separation clamp. The above was
process repeated until the parenchyma on the resection plane
was coagulated completely. A few small abdominal incisions
might be required to complete the whole process of coagula-
tion. The parenchyma was dissected using Cavitron Ultrasonic
Surgical Aspirator (CUSA) (Tyco Healthcare, Mansfield, MA)
or a Harmonic Scalpel (Ethicon Endo-Surgery, Cincinnati,
OH, USA) along the coagulated plane, and hemostasis was
achieved conventionally (Fig. 1). Low central venous pressure
(0-5 mm Hg) was maintained during parenchyma dissection.
If the lesions were located near the first or second porta hepa-
tis, the coagulation would be conducted in parenchyma near
the main portal vein or major hepatic vein.

The liver parenchyma was transected directly using Har-
monic Scalpel or CUSA in the control group. Conventional
hemostasis was performed as in MW group.

Ethic statement

The study was approved by the Ethics Committee of the First
Affiliated Hospital, the School of Medicine, Zhejiang Univer-
sity, and the study protocol conformed to the ethical guide-
lines of the 1975 Declaration of Helsinki as revised in 2000.
Informed consent was obtained from patients before LH, as
well as other participants.

Statistics

The continuous variables were presented as the
means =+ standard deviation following statistical analysis
with the t-test or ANOVA. Enumeration data were analyzed
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Fig. 1 Procedures of ultrasound-guide 915-MHz microwave coagu-
lation-assisted liver resection in laparoscopic hepatectomy. A Preop-
erative 3D reconstruction of the liver, tumor (highlighted in yellow),
and artery/portal vein/hepatic vein and the simulated resection plane
(brown section) conducted by IQQA-Liver. The tumor was located
in the right liver. B The resection line (dotted line) is marked on the
liver capsule using a monopolar electrical coagulation hook guided

by means of the j” test or the Fisher’s exact test. All analyses
were performed using the statistical software package SPSS
23.0 (SPSS Inc., Chicago, USA). P <0.05 was considered
significant.

Results

In total, 60 patients were included in the present study. 47
(78.3%) patients were male. The median age was 53 years
(mean 54, range 32—77). The median tumor diameter was
3.90 cm (mean 4.25, range 2.00-8.00). 54 patients (90.0%)
were diagnosed with malignancy. No significant difference
regarding the baseline data of MW group and control group
was noted (Table 1).

The duration of operation, parenchymal transaction,
and first porta hepatis occlusion in the MW group was sig-
nificantly shorter than those in control group (P <0.001,
P <0.001, and P <0.001, respectively, Table 2). The vol-
ume of intraoperative blood loss in the MW group was
significantly less than that in the control group (P <0.001,
Table 2). None of the patients required blood transfusions
in either the MW group or the control group.

There were no significant differences in preopera-
tive serum alanine aminotransferase (ALT) and alanine
aminotransferase (AST) levels between the two groups.
The serum ALT and AST levels in the MW group were

by intraoperative ultrasound. C Parenchyma is pierced into the micro-
wave antenna along the resection line. D Coagulation is employed
along the marked line of resection. E Liver resection is performed
by cutting the coagulated tissue with an ultrasonic scalpel after the
resection plane is completely coagulated. F Margin of resection after
LH is shown after resection has been completed. No bleeding or bile
leakage occurs. (Color figure online)

significantly lower than those in the control group on days 1
and 3 after surgery (Table 2). In addition, on day 5 after sur-
gery, the ALT levels in the MW group were still lower than
those in the control group (P =0.001, Table 2), but there
was no significant difference in the AST levels between the
two groups (P =0.350, Table 2). Lower volume of drainage
in the MW group than that in the control group was noted
on days 1, 3 and 5 after surgery (P <0.05), and the drain-
age volume in the MW group was approximately zero on
postoperative day 5. No major complications occurred in
the MW group, and 2 cases of biliary leakage, 1 case of
intra-abdominal abscess and 1 case of bleeding occurred in
the control group (P=0.038, Table 2). The mean postopera-
tive length of hospital stay was 6.00 days in the MW group,
which was significantly less than that of 7.23 days in the
control group (P=0.027, Table 2). All four patients were
treated conservatively and gained full recovery. RO resection
was confirmed in all 60 cases.

Discussion

Operation is the best option for treating liver tumors [13].
Laparoscopic hepatectomy had become widely accepted
in the field of hepatic surgery for its greater visual field
and less-invasive characters [14, 15]. Intraoperative blood
loss is still one of the major complications in LH, which
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Table 1 Characteristics of
patients in microwave group and
control group

Table2 Comparison of
operative outcomes between the
microwave group and control

group

MW group (n=30) Control group (n=30) p value

Median age (years)* 5543+11.42 53.13+10.91 0.428
Sex (M) 23 (76.7%) 24 (80.0%) 0.754
Median tumor size (cm)” 4.00 (2.00-8.00) 3.80 (2.50-6.60) 0.571
Chronic hepatitis 24 (80.0%) 25 (83.3%) 0.754
Cirrhosis 24 (80.0%) 25 (83.3%) 0.754
ALT 23.307.52 22.63 (8.34) 0.746
AST 23.437.48 22.20 (7.61) 0.529
Diagnosis 0.974

Hepatocellular carcinoma 24 (80.0%) 25 (83.3%)

Hepatic adenoma 1(3.3%) 1(3.3%)

Focal nodular hyperplasia 2 (6.7%) 2 (6.7%)

Colon adenocarcinoma metastasis 3(10.0%) 2(6.7%)
Type of resection 0.990

Segmental resection 17 (56.7%) 17 (56.7%)

Bisegmentectomy 2 (6.7%) 2 (6.7%)

Lobar hepatectomies 3 (10.0%) 3 (10.0%)

Left hepatectomy 2 (10.0%) 3 (10.0%)

Right hepatectomy 6 (20.0%) 5 (16.7%)

Data are presented as #: means =+ standard deviation or as *: median (range), or as numerical value (per-

centage)

MW group Control group P value
Duration of the first porta hepatic occlusion (min) 2.17+4.09 25.33+20.63 <0.001
Duration of parenchymal transection (min) 55.17+14.47 70.83+14.44 <0.001
Duration of operation (min) 120.67 +27.16 148.00+29.61 <0.001
Intraoperative blood loss (ml) 26.83 +18.82 186.33 +86.16 <0.001
Postoperative ALT levels (U/L)
Day 1 98.07 +52.87 154.47 +53.98 <0.001
Day 3 53.16+23.09 80.73+30.23 0.001
Day 5 32.80+7.69 42.00+11.42 0.001
Postoperative AST levels (U/L)
Day 1 85.27+37.26 129.73 +46.33 <0.001
Day 3 48.03 £24.58 71.27+30.89 0.002
Day 5 30.57+8.14 35.73+10.30 0.350
Drainage volume of the abdominal cavity (ml)
Day 1 38.00+33.18 84.5+77.13 0.004
Day 3 9.67+10.82 33.83+55.83 0.027
Day 5 1.33+2.91 11.55+26.02 0.044
Cumulative complications (%) 0 (0.0%) 4 (13.3%) 0.038
Length of postoperative stay (days) 6.00+1.31 7.23+2.66 0.027

Data are presented as means + standard deviation or as numerical value (percentage)

significantly associated with poor outcomes, especially in
cirrhotic patients [16]. Different techniques, such as radi-
ofrequency [17] and microwave ablation devices [5], were
adopted to reduce the blood loss through the coagulation
of hepatic parenchyma on transaction plane; however, dis-
advantages, such as insufficient coagulation range or the

@ Springer

unnecessary residual hepatic parenchyma injury impeded
the application of those techniques.

The present study provided a feasible approach for
performing LH efficiently and safely using 915-MHz
microwave antenna to acquire sufficient coagulation
range. Less or even no blood loss was achieved during the
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liver dissection at the cost of mild injury of residual liver
parenchyma. In patients receiving 915-MHz microwave-
assisted LH, shorter durations of blood flow occlusion,
parenchymal transection, and operation were needed. It
had less impact on postoperative liver function. And less
postoperative complications, as well as shorter length of
postoperative hospital stay, were noted in MW group,
compared with conventional LH. Those advantages made
the 915-MHz microwave antenna an ideal option for LH.

The dissection of liver parenchyma by CUSA or Har-
monic Scalpel was more efficiently after coagulation.
Although time was taken for achieving coagulation, the
total operation time was still shortened. The cirrhotic liver
parenchyma was more susceptive to ischemia and hypoxia
than non-cirrhotic one, and bled more easily during the
dissection process [18]. Shorter occlusion duration of the
first porta hepatis in patients receiving 915-MHz micro-
wave coagulation reduced the ischemic and anoxic injury.
And with the additive effect of less blood loss, better post-
operative liver function, and less peritoneal drainage were
established, which led to lower incidence of postoperative
complications and shorter length of postoperative hospital
stay.

Hepatocellular carcinoma usually had independent
blood supply, and the compression of the tumor during
operation was associated with hematogenous metastasis
[19]. Occlusion of microvessels by coagulation before the
dissection reduced the possibility of hematogenous metas-
tasis, which contributed to lower incidence of recurrence
and better long-term survival.

The limitations of the present study included the retro-
spective single-center design, relatively small sample size,
and lack of long-term follow-up. Prospective multicenter
research with large sample size and long-term follow-up
are required.

In conclusion, LH using Harmonic Scalpel assisted by
915-MHz microwave coagulation simplified the course of
liver parenchyma dissection and reduced the blood loss,
especially in cirrhotic livers. In patients receiving 915-
MHz microwave coagulation, lower incidence of postop-
erative complications and better outcomes were confirmed.
Thus, the 915-MHz microwave-assisted laparoscopic
hepatectomy was feasible and safe.
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