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Abstract
AIM: To study the operative injury, post-operative
complications, the hospitalization time, the post-
operative survival rate of ultrasonic aspiration
hepatectomy with a domestic new type of ultrasonic
surgical device in comparison with that of conventional
techniques of hepatectomy.

METHODS: A total 136 patients with hepatocellular
carcinoma (HCC, including 12 patients in 1991 and 124
consecutive patients from July 1995 to December 2 000)
underwent ultrasonic aspiration in liver resection (group
T) and 179 HCC patients received conventional
hepatectomy during the corresponding period (group C).
The results of the two groups were compared statistically.

RESULTS: There was no significant difference in the mean
operation time between group T (152±11 min) and C
(144±11 min). No operation or hospital death occurred
in both groups. In group T, the mean volumes of bleeding
(463±15 ml) and blood transfusion (381±12 ml) were
markedly less than those in group C (557±20 ml, and
507±18 ml, respectively, P<0.05). The mean
hospitalization time of group T (8.9±0.6 d) was markedly
shorter than that of group C (11.7d±0.6 d) (P<0.05).
The incidence of complications in group T was markedly
lower than in group C, post-operative jaundice occurred
in 4/136 and 31/179, respectively (P<0.05), liver failure
in 0/136 and 2/179, cholorrhea in 0/136 and 6/179,
hydrothorax in 21/136 and 39/179 (P<0.05), ascices in
9/136 and 54/179, respectively (P<0.05 ). There was
no significant difference in the 1-year survival rate
between the two groups (P>0.05), while the 3-year
survival rate of group T (64.2 % ) increased markedly
as compared with that of group C (55.7 %) (P<0.01).

CONCLUSION: The ultrasonic aspiration hepatectomy
with a domestic new type of ultrasonic surgical device
could evidently reduce the operative injury and post-
operative complications, shorten the hospitalization
time and prolong the survivals of HCC patients.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is common in China [1-10], and
its treatment is not satisfactory so far [11-17]. The first choice of
treatment for HCC is hepatectomy, but the resectability is only
about 4-20 %[18-25]. Therefore, it is important to improve the
technique of liver resection and to increase the resectability.
The invention of ultrasonic surgical device (also called
ultrasound scalpel) is a breakthrough in medical field since
the 1980 s, it was also one of the developing hotspots in the
surgery. The reason for its attention is that when compared
with electric surgery unit, laser and microwave as well as other
methods[26-36], it has many advantages including less lesion for
the tissue in or around the operating field, less bleeding (or no
bleeding), clear operating field, less operating risk, high
security and more convenient to operate [37-40]. Since the 1990s,
ultrasonic aspiration hepatectomy has been popularized in
many European and American countries, and is now a standard
technique of hepatosurgery[41]. Our study on 136 ultrasonic
aspiration hepatectomies indicated that ultrasonic aspiration
hepatectomy could reduce operative injury and the incidence
of the major operative complication markedly. In the meantime,
it could shorten the duration of hospitalization, reduce the blood
transfusion during the operation, and raise the survival rate.

MATERIALS AND METHODS

Materials
From April 1991 to December 2000, we observed randomly
(completely random design) 136 primary liver carcinoma
patients (group T) treated by ultrasonic aspiration hepatectomy
and 179 primary liver carcinoma patients (group C) treated by
conventional technique. The ages of patients in group T and C
were 13-72 years( mean 57 ±15 years) and 19-74years ( mean
55±16 years), respectively. There were 14 and 21 patients with
intrahepatic metastasis in the group T and C, respectively
(Table 1). NTY-300 multifunctional ultrasonic surgical device
(made in China) was used. The equipment was composed of
main unit that could work in multi frequency, several kinds of
hand-pieces and control keyboard. It had multifunction of
ultrasonic cutting, aspiration, and liposuction. The basic
principle was that the computer device of the mainframe could
produce electric signal ranging from 19 to 35kHz of frequency,
and the signal was amplified by power amplifier, then sent to
the hand-piece after impedance conversion by the output
isolating transformer, thus producing ultrasonic vibration. At
the same time, the sampling circuit could feed back the working
status of the hand-piece to the computer device judging whether
it was falling in the best working frequency. And the computer
could modulate it automatically to assure that the portable
therapeutic head fell in suitable resonance frequency to give
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the maximal ultrasound energy output. There are several simple
control keys for manual operation on the control panel. And the
corresponding parameters were displayed on the display monitor.

Table 1  Clinical data of patients included in this study

                                  Common hepatectomy            Ultrasonic aspiration
Main parameter                (n=179)                                      hepatectomy  (n=136)

Mean age (yrs)   55±16                                        57±15

M/F  166/13                                       128/8
T B/ ( mol.L-1) 17.4±1.4                       16.4±1.5
D B/ ( mol.L-1)   3.1±0.3                                      3.0±0.3
ALB/ (g.L-1) 40.0±7.0                       42.4±7.4
ALT/ (nkat.L-1)             667.0±49.8                     538.1±51.2
AST/ (nkat.L-1)             602.6±50.8                     566.3±40.0
TT/ (g.L-1)             78.62±7.85                     73.32±8.26
Size of tumor
T 2cm   84           67
2cm T 5cm   59                                       44
5cm T   36                                       25
Location
Right   40                                       32
Tri-liver lobe     3                                               2
Left tri-liver lobe     8              5

 segment   19                                       16
Others 109                                       81
Number of tumor
            1 135                                      102
            2   38                                       27

     3    6                                                7

Methods
The bilateral subcostal approach, extended to the right as far
as the midaxillary line, to the left as far as the lateral margin of
the rectus muscle, and medially upwards the xiphoid process
of the sternum (Mercedes incision) or a right subcostal incision
extended along the median line (Invested-L incision) is the
classic approach. JM-  retractor (made in China) was
routinely used for opening the abdominal wall. In the first stage
the ligaments around the lobe to be resected were dissected
until the lobe was mobilized. The liver to be resected was
demarcated by cautery, and stitched to block the local blood
supply .The  ul t rason ic  asp i ra to r  was u t i l ized  in
hepatoparenchyma dissection. Liver cells were broken and
emulsified, and aspirated out of body. The intrahepatic
canaliculi were exposed and can be dissected and ligated. The
oozing sites were controlled by conventional methods.

Statistical treatment
t-test and χ2 test were used.

RESULTS
There was no significant difference in the mean operation time
between groups T (152±11min) and C (144±11min). No
operation or hospital death of patients occurred in both groups.
In group T, the mean volumes of bleeding (463±15 ml) and
blood transfusion (381±12 ml) were markedly less than those
in group C (557±20 ml, and 507±18 ml, respectively, P<0.05).
The mean hospitalization time of group T (8.9±0.6 d) was
markedly shorter than that of group C (11.7±0.6 d), (P<0.05).

The incidence of complications in the group T was significantly
lower than in group C.  There was no significant difference in
the 1-year survival rate between the two groups (P>0.05), while
the 3-year survival rate of group T (64.2 %) increased markedly
as compared with that of group C (55.7 %), (Table 2).

Table 2  Comparison of operation and treatment conditions
between the two groups

                                 Common hepatectomy           Ultrasonic aspiration
Main parameter                (n=179)                                    hepatectomy  (n=136)

Operation time/min 144±11 152±11

Bleeding volume/ml 557±20 463±15 a

Transfusion volume/ml  507±18 381±12 a

Hospitalization day 11.7±0.6 8.9±0.6 a

Liver failure       2      0

Postoperative jaundice     31      4 a

  Cholorrhea       6      0

  Hydrothorax     39    21a

  Ascites     54      9a

1-year survival rate  92.5% 94.8%

3-year survival rate  55.7% 64.2% b

aP<0.05, bP<0.01, vs Common hepatectomy.

DISCUSSION
In the ultrasonic aspiration hepatectomy, semisolid liver tissue
is broken and emulsified under the conjugated effects of
ultrasonic shock acceleration and high-velocity liquid jet, and
then is aspirated out by suction. Since most liver cancer patients
(>90%) in China are complicated with liver cirrhosis [3-10], some
researchers considered that it was difficult for the cirrhosis
liver tissues containing plenty of connective tissue to be
unbroken by ultrasonic knife. In fact, ultrasonic knife is just a
common name, whose main function is not tissue-cut, but to
expose intrahepatic canaliculi after breaking the cellular
elements. For the intrahepatic fiberous tissue, the routine
operative technique should be used [18-25].
      Our data indicated that ultrasonic aspiration hepatectomy
could significantly reduce the operative injury and the incidence
of complication and shorten the mean hospitalization time by 3-
4 days. Because of less blood transfusion required and tumor
manipulation avoided in the operation, the 3-year survival rate
of group T was higher than that of group C. The main technical
advantages of this clinical application included (1)by the
conventional operative procedure tissues are dissected with
fingers, scissors or knife handle, and some fine canaliculi could
not be exposed readily, so it is hard to avoid operative injury,
which resulted in more bleeding during or after operation and
higher incidence of cholorrhea. Ultrasonic knife can aspirate
the liver tissues around the incision, the blood vessel and bile
duct remained. The operators could ligate the vessel and bile
duct perfectly, so cholorrhea and hematorrhea after operation
may be avoided.(2)ultrasonic knife is actually a kind of ultrasonic
aspirator. According to the principle that the highly hydrated
tissues could be emulsified easily, ultrasonic knife could aspirate
the cellular debris out of body, but it cannot replace the
conventional operative technique. (3)since the main blood vessel
and bile duct injuries can be avoided in the operation, the tumor
near portahepatis can be cut off, thus it raises the resectability of
liver cancer. Our first patient treated with this procedure was a
13 year old child with a tumor encroached on the first and second
portahepatis. The pathologic diagnosis after operation was
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hepatocellular carcinoma. The patient has been remained well
and alive up to 10 years. In the 136 operations, there were 64
complicated operations, 32 right liver lobe resections, 16 
liver segment resections, 5 tri-liver lobe resections, and 2 left
tri-liver lobe resections. (4)local block of blood flow could reduce
bleeding in operation and assure the safety of hepatectomy [2, 8],
which is important in saving blood resources and accelerating
the rehabilitation of patient. (5)ultrasonic aspiration hepatectomy
with no demand to block the portahepatis, is especially suitable
for the patients with impairment of liver function so as to avoid
further injuries to liver parenchyma.
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