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Abstract

AlIM: To investigate the possible clinical application value of
second harmonic imaging under low acoustic pressure.

METHODS: Six New Zealand rabbits, averaging 2.7+0.4
kg, were selected and operated upon to construct hepatic
VX2 tumor carrier model. Hepatic VX2 tumors were imaged
with B mode Ultrasonography (US), and second harmonic
imaging (SHI) under high mechanic index (1.6) and low
mechanic index (0.1). Echo agent was intravenously injected
through ear vein at a dose of 0.01 mL/kg under B mode US
and high MI SHI, and 0.05 mL/kg under low MI SHI, and
then the venous channel was cleaned with sterilized saline.
All the images were recorded by magnetic optics (MO), and
they were analyzed further by at least two independent
experienced sonographers.

RESULTS: Totally 6 hypoechoic and 3 hyperechoic lesions
were found in the six carrier rabbits with a mean size about
2.1+0.4 under B mode ultrasound, they were oval or round
in shape with a clear outline or a hypoechoic halo at the
margin of the lesions. Contrast agent could not change the
echogenicity of the lesions under B mode US and SHI under
high acoustic pressure. However, it could greatly increase
the real time visualization sensitivity of the lesions with SHI
under low acoustic pressure.

CONCLUSION: Our results suggest that contrast enhanced
SHI with low MI and a bubble non-destructive method would
be much more helpful than conventional SHI in our future
clinical applications.
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INTRODUCTION

Second harmonic imaging (SHI) technique has been shown more
valuable than conventional B mode ultrasonography (US). SHI
involves transmitting at frequency f and receiving at frequency
2f, and the contrast enhanced echoes can therefore be obtained

at second harmonic frequency because of the non-linear motion
of the gas bubbles when destroyed by high acoustic pressures*
4, However, the use of second harmonic technique under high
acoustic pressure (mechanical indexes 0.6-1.2) does not usualy
provide ideal images because of the short duration of
enhancement and no quantitative evaluation and other technical
difficulties. To avoid this, new dedicated software operating at
low acoustic pressure (mechanical index <0.4) has been
demongtrated to produce significant harmonic answer together
with a real time imaging based on the maintenance of
microbubbles. Only very small amount of microbubbleswould
allow the evaluation of blood flow volume and blood flow in
normal and pathologic tissues. Liver image has been recently
proven to be thefirst areawhere microbubbles manifest smilarly
to that of computed tomography or magnetic resonance imaging
contrast media. In particular, this technique, applied to the
evaluation of perfusona pattern of hepatic masslesons, provides
asignificant contribution to their detection and characterigtics. In
this study, we aimed to find out the features of these two
ultrasonographic methodsin the depiction of hepatic metastasis.

MATERIALS AND METHODS

Preparation of animal models

Six New Zealand rabbitsweighing 2.6-3.2 kg, average 2.7+0.4
kg, were anaesthetized by Sumianxin (a product of the
Changchun Argo-Pastoral University) at 0.2 mL/kg through
intramuscular injection. Hairs over the abdominal region were
moulted by 8 % sodium sulfide, then the region was cleaned
by saline water. Median incision right beneath the
metasternum was made to expose the right lobe of liver. A
tunnel about 3 cm deep at the lobe was constructed with an
ophthalmic nipper. Viable VX2 tumor masses about 2-3 mm?
were implanted into the tunnel, locally stanched and then
each layer of the abdominal wall was sutured accordingly. 2
or 3 weeks later, these rabbits were ready for use. VX2 tumor
isakind of skin squamous cancer induced by Shope virus,
viable VX2 tumor could be transplanted and underwent
passages in the New Zealand rabbits, and therefore was used
as mimicking metastatic hepatic tumor models.

Preparation of echo contrast agent

Sdlf made echo contrast agent wasmade from 5% (g/L) human
albumin and 40 % (g/L) Dextran at aratio of 1:3 (v/v), the
mixture was then undergone electromechanical sonication
(Sonication machine JY 92-2D was manufactured by Ninbo
Xinzhi Research Ingtitute) for 90 seconds under mechanical
energy of 280 W. During the sonication process, perfluropropane
gas was mixed into the mixture. Microbubbles manufactured
in thisway were counted by a Coulter counter, at aconcentration
of 1.6x10°bubbles/L averaging 4.3+2.1 nm.

Equipment

A transducer S8 connected to HP-5500 ultrasound system was
used, second harmonic imaging was transmitted at frequency
3MHz receiving at frequency 6 MHz, conventional mechanic
index was tuned to 1.6, while low mechanic index was tuned
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to 0.1. During the whole process of experiment, the image
depth, compensation and TGC should be kept constant.

Methods

Hepatic VX2 tumors were imaged with conventional B mode
US, and second harmonic imaging (SHI) under conventional
mechanic index (1.6) and low mechanic index (0.1). An
intravenous bolus echo agent was injected through ear vein at
adose of 0.01 mL/kg under conventional B mode US and high
acoustic pressure SHI, and 0.05 mL/kg under low acoustic
pressure SHI, and then the venous channel was cleaned with
sterilized saline. All the images were recorded real-timely by
magnetic optics (MO), and they were analyzed further by at
least two independent but experienced sonographers.

RESULTS

Features of VX2 tumor under conventional and harmonic B
mode US

A total of 6 hypoechoic and 3 hyperechoic lesions were found
in the six carrier rabbits with amean size of 2.1+0.4 cm under
conventional B mode ultrasound, no hyperechoic or iso echoic
lesions were found. They were ova or round in shape with a
clear outline or a hypoechoic halo at the margin of thelesions.
Contrast images under conventional B mode US also showed
no improvement at all (Figure 1).

Figure 1 Image of VX2 tumor lesion under conventional B
mode US. Arrow indicated the VX2 tumor lesion at the anterior
part of the right lobe. It was oval and hypoechoic with a small
hyperechoic scar at the center of the lesion.

VX2 tumor lesions assessed by SHI under high and low
acoustic pressures

SHI under high acoustic pressure (Mechanic index 1.6) could
reveal a short duration enhancement of the hepatic arteries
and tumor lesions at the early phase, and an enhancement of
the liver parenchyma and a decreased echo at the later phase.
A pronounced arterial enhancement was also found at one side
of the lesion, which might be considered as the nutrient artery
of thetumor. In addition, branches of the afferent artery were
seen at the sametime. Interestingly, abranch vessel was also
found coming from the same artery going to the other side of
the lesion as shown in Figure 2a. The whole process of
contrast enhanced SHI under high acoustic pressure lasted
only for afew seconds.

Visualization by second harmonic imaging under low
acoustic pressure was quite different from that by SHI under
low acoustic pressure. The echogenicity of liver parenchyma
and hepatic VX2 tumor lesions was extremely low, and no
structures were observable at first. About five seconds after
injection of contrast agent, image of the inferior vena cava
could be observed. Again about fifteen seconds later, the
contrast agent could be observed within the tumor lesion, as
time went by, the afferent artery and its branches of the lesion

could gradually and clearly be visualized. A suspicious branch
artery was also observed going to the other side of the lesion
near the afferent vessels, as what we observed by second
harmonic imaging under high acoustic pressure (Figure 2b).
As the contrast agent accumulated in the lesion, VX2 tumor
appeared as a hyperechoic contour and even satellite lesions
could aso be observable just beside the original lesion (Figure
3). About 40 seconds later, arteries in the liver parenchyma
gradually appeared markedly, and about 20 to 30 seconds
afterwards the portal venous system could be visualized. At
thisstage, the tumor lesion was revealed as hypoechoic. During
thelast stage period, about 2 minutes after injection of contrast
agent, the echogenicity of the liver parenchyma became
hyperechoic, while the tumor lesion and its satellite lesion
became typically hypoechoic. The whole process of
visualization by second harmonic imaging under low acoustic
pressure lasted for almost four minutes.

Figure 2a Image of VX2 tumor lesion under high Ml second
harmonic imaging. Arrow indicated the nutrient artery of same
VX2 tumor lesion, and the suspicious artery of a satellite lesion.

Figure 2b Contrast enhanced second harmonic image under
low Ml revealed the enhancement of nutrient arteries of VX2
tumor lesion and the nutritive artery of satellite lesion.

Figure 3 Image of second harmonic under low MI. It showed
the clear tumor and its satellite lesion.
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DISCUSSION
The accurate recognition or exclusion of focal liver lesions
was aprimary objective of diagnostic imaging in patientswho
were suspected to have a tumor, and the detection of tumor
lesions should include their number, location and size.
Detection of small liver lesions may be difficult when the
acoustic properties of the lesions were similar to those of the
surrounding liver parenchyma®. The overall accuracy of US
imaging in the detection of liver lesions has been shown to
range from 53-77 %, but the sensitivity of milimeter nodules
has been found to be as low as 20 %*9. US contrast agents
were originally developed and used to overcome some of the
shortage of USin the assessment of lesional and parenchymal
microcirculation by increasing the linear backscattering from
the microvascular blood pool. The latest generation of US
contrast agents prepared from perflurocarbon gases has been
shown to be highly effective in enhancing Doppler signals
within the macrovascul ature and the microvasculature for
several minutes following an intravenous bolus injectiont™9.
However, US contrast agents do not enhance the tumor lesion
or parenchymamicrovascul ature on the fundamental gray-scale
image, since the echoes from the tissues are too strong
compared to the small volume of microbubbles in the
microcirculationt®. Thus these agents do not significantly
improve the detectability of liver lesions when used in
association with fundamental imaging, aswhat we have found
inthisstudy. It isnecessary to take advantage of their nonlinear
characteristics and selectively detect their emission of
harmonicsin order to increase the US sensitivity to contrast.
A dramatic improvement of contrast enhanced US was
the discovery that the bursting of air-based microbubbles
caused by high mechanic acoustic pressure US generated large
guantities of harmonic frequencies (non-linear response). By
decreasing the fundamental frequency, the contrast between
highly vascularized lesions containing microbubbles and
poorly vascul arized tissueswereincreased 4, Therefore, both
macrovasculature and microvasculature of the liver tumor
lesions could be well visualized. Some significant limitations
about this technique have also been found. Due to the need of
breaking air based microbubblesin order to achieve harmonics,
the scans haveto be started only 2-3 minutesfollowing contrast
agent bolus injection, and thus would miss completely the
arterial and early portal phases. Furthermore, since all
malignancies appear as hypoechoic and all benign tumors
isoechoic in late phasg®®, discrimination between hepatocel lular
carcinoma and metastasis, hemangiomas and focal nodular
hyperplasia cannot be achieved. In our experiment, although
contrast enhanced second harmonic imaging under high
acoustic pressure could reveal an increased visualization of
the tumor lesions and its surrounding liver parenchymal
arteries, the major defect of this method was the short duration
of visualization. A suitable method for the detection of
hypervascular and hypovascular focal liver lesions should be
a bubble non-destruction method with very low M1 and high
sensitivity for harmonics, allowing continuous real-time
imaging of thewhole liver and the visuaization at the arterid,
portal, and late phase during the same examination period with
asingle contrast agent administration only!*¢24, Furthermore,
it should allow usto carry out perfusion and reperfusion studies
following the planned bubble destruction and characterization
of either hyper- or hypovascular lesions simultaneously!?-2,
We herewith reported our experimenta results using this new
technique, using alow MI SHI, anearly complete cancellation
of signals from stationary tissues was achieved. Prior to the
injection of self-made albumin contrast agent, only high
amplitude signals were visualized, such as large vessel walls
and the diaphragm. After albumin contrast agent injection, a
true subtraction effect was obtained due to the high level

harmonic signal's coming from the bubbles and the dynamic
threshold suppressing low amplitude signals moving toward
the transducer. In all rabbits, the whole vascul atures could be
observed and studied, including an arterial phase about 15-40
seconds, an early portal phase about 40 to 50 seconds, and a
complete portal phase about one and a half minutes. Thisresult
isin agreement with what has been described by Solbiati, and
this “ portal phase” is suggested to be “hepatic sinusoidal
phases” 631, The scans could be performed to study the
changes of enhancement in these areas by moving the
transducer throughout theliver visualizing not only the vascular
phasesin real time, but also any peculiar region of interest.
Using this technique of second harmonic imaging under low
acoustic pressure, we could therefore achieve the best
visualization of macrocirculation and microcirculation
simultaneously. Most interestingly, some satellite lesions,
which were not found by high MI SHI, were now clearly
revealed by low MI SHI as shown in Figures 2b and 3. It can
be concluded that contrast enhanced ultrasonography with
second harmonic imaging under low acoustic pressure is
currently more sensitive than that with second harmonic
imaging under high acoustic pressure in the detection of
metastatic lesions as VX2 tumors. This study suggests that
this new technique of low M1 and microbubble non-destructive
method would be much more helpful in our future clinical
applications.
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