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(57) ABSTRACT

The present invention relates to a method for quantifying drug
delivery with the characteristic of measuring the signal inten-
sity of peripheral vessels with a contrast-enhanced ultrasound
to quantify the drug delivery at a target site. The present
invention can be used for quantifying UTMD (ultrasound
triggered microbubble destruction) targeted drug delivery,
also for qualifying the unreleased amount of the long-acting
drug in the tested object, and for helping setting the treatment
schedule for ultrasound disruption of blood-brain barrier.
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METHOD FOR QUANTIFYING DRUG
DELIVERY USING CONTRAST-ENHANCED
ULTRASOUND

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a method for quan-
tifying drug delivery. More specifically, it relates to the
method and the application for quantifying microbubble drug
delivery using contrast-enhanced ultrasound.

[0003] 2. Description of the Related Art

[0004] Ultrasound-Triggered Microbubble Destruction
(UTMD) is a promising strategy to increase local drug con-
centration at pathologic site while reducing systemic toxicity
wherein drug is loaded in micron-sized or nanometer-sized
bubbles whose destruction is then triggered by ultrasound at
the treatment site in order to deliver drug to the target. How-
ever, in clinical applications, other factors pose additional
challenge. First, the ultrasound is attenuvated to different
degrees before they reach the target due to different tissue
thickness and composition and tumor structure. Second, the
concentration of micro-bubbles in the target area can vary
depending on vascular factors such as tumor angiogenesis or
tumor central necrosis. Third, if antibody-conjugated
microbubbles are used, they will aggregate at specific sites so
as to enhance the effect of ultrasound-triggered drug delivery.
These factors will affect the actual amount of microbubble
destroyed and influence the efficacy of drug delivery and a
way to quantify ultrasound-triggered microbubble destruc-
tion will be useful to clinicians.

[0005] Several imaging modalities including magnetic
resonance imaging (MRI), positron emission tomography
(PET), single photon emission computed tomography
(SPECT) and contrast-enhanced ultrasound (CEUS) have
been used to monitor drug pharmacokinetics. However, all of
these have their limitations. Despite the advantage of high
tissue and spatial precision, none rigid pseudo signal and
ionizing radiation of MRI, it doesn’t allow to be used on
individuals with implants such as pacemakers or defibrilla-
tors, the sensibility of partial contrast agent is inferior, and
cannot provide fix-quantity drug delivery. On the other hand,
the PET/SPECT requires radiolabelled microbubbles for
depicting local drug concentration that risks the whole body
of the subject under radiation.

[0006] Contrast-enhanced ultrasound imaging uses
microbubbles loaded with filling gas. By means of the differ-
ence in echogenicity between the gas in the microbubbles and
the soft tissue, it generates the reflected ultrasound and thus
distinctive image with better contrast. While this method can
assure the presence of microbubbles at the treatment site and
is of the advantage of non-invasive, high resolution, instant
scan, non-radioactive, low cost and user friendliness, the sig-
nal saturation of the image during the destruction of bubbles
triggered by the ultrasound disqualifies the ultrasound as a
quantifying tool. In recent studies, some scholars have
attempted to quantify UTMD indirectly using a downstream
method, by measuring the difference in echogenicity between
and upstream location and a downstream location. However,
in clinical operation, because the downstream vessel is a
complex venous network that contains a mixture of sonicated
and non-sonicated blood and the angiogenesis of tumors var-
ies with different individuals. These make it difficult to mea-
sure vascular sonographic signal accurately, at or near the
drug delivery zone.
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SUMMARY OF THE INVENTION

[0007] The present invention provides an instant and quan-
tificational UTMD drug delivery method and system.

[0008] Furthermore, this invention provides a method and
system of measuring the released and unreleased amount of
the fixed amount and long-lasting drug in the tested object
with various time intervals and in a non-invasive way.
[0009] This invention also provides a schedule setting
method and system for brain barrier treatment.

[0010] For achieving the above-mentioned purposes, the
method for quantifying drug delivery at the target site in the
present invention uses contrast agent to enhance the signal
intensity while using ultrasound to assess the peripheral
blood vessels. The method includes: a. an ultrasound device
which produces a specific mechanical index of ultrasound; b.
injecting a specific amount of ultrasound contrast agent into
the tested object; c. measuring the ultrasound signal intensity
of the peripheral blood vessels of the tested object with the
contrast-enhanced ultrasound; d. calculating the real time
systemic concentration of microbubbles based on the inten-
sity variation of the ultrasound signal; and e. calculating the
drug delivery at the target site based on the systemic concen-
tration of microbubbles. Wherein the density of the
microbubbles and the intensity of the ultrasound signal are of
linear relation under the specific amount of ultrasound con-
trast agent.

[0011] Ina preferred embodiment of the present invention,
the ultrasound device is with a first ultrasound scanner to
produce an ultrasound with low mechanical index whose
energy level is not sufficient to trigger the microbubble
destruction and to provide with the contrast-enhanced ultra-
sound image. The ultrasound device includes furthermore a
second ultrasound scanner to produce an ultrasound with high
mechanical index whose energy level is high enough to trig-
ger the microbubble destruction at the target site for treat-
ment. The first ultrasound device is used to record the ultra-
sound intensity at peripheral vessels and the second
ultrasound device is used to trigger the microbubbles destruc-
tion at the target site and to obtain the attenuation amount and
constant of the ultrasound signal. The systemic microbubble
concentration can thus be calculated using the pharmacoki-
netic formula.

[0012] Furthermore, this invention includes: a quantifying
system that monitors the drug delivery using the above-men-
tioned quantifying method, i.e., measuring the signal inten-
sity of the peripheral vessels using a contrast-enhanced ultra-
sound system to quantify the drug delivery of a target site. The
system includes: an injection device that injects microbubble
contrast agent into the tested object via a catheter or an intra-
venous injection; an ultrasound device that records the varia-
tion of ultrasound signal intensity of the peripheral vessels of
the tested object; and a signal processing device that pro-
cesses the ultrasound signal data obtained from the peripheral
vessels of the tested object, converts the data into systemic
microbubble concentration and thus calculates the drug deliv-
ery at the target site.

[0013] Within certain microbubble concentration, the sig-
nal intensity of the ultrasound and the concentration of
microbubbles are of direct proportion that is of the same
characteristic as drug-loaded microbubbles. In addition, after
ultrasound-triggered microbubble destruction, the concentra-
tion of microbubbles diminishes and the ultrasound signal
weakens. Therefore, by using the method of the present
invention, measuring the ultrasound signal intensity of
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peripheral vessels allows calculation of microbubble concen-
tration of peripheral vessels that is the real time systemic
microbubble concentration. By measuring the variation of
systemic concentration of microbubbles, the pharmacoki-
netic of drug-loaded microbubbles can be understood.
[0014] Several aspects of the present invention will be illus-
trated in the following preferred embodiments and figures.
Changes and modifications are possible within the spirit and
scope of the novelty disclosed by the present invention.
[0015] For describing the mainidea of the present invention
as the summary mentioned above, the following preferred
embodiments are illustrated in the attached figures. Similar
elements are, to the extent possible, designated identical
number in all the figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is the basic structure of the ultrasound quan-
tifying system for monitoring drug delivery.

[0017] FIG. 2 is the ultrasound image of the region-of-
interest (ROI).

[0018] FIG. 3a/b is schematic diagram of the experimental
setups of the ultrasound saturation experiment and the ultra-
sound triggered microbubble destruction experiment respec-
tively.

[0019] FIG. 4 is the relationship chart of the SonoVue con-
centration versus peak signal intensity (PSI) when using a
[L12-5 transducer to scan the right femoral artery of rat.
[0020] FIG. 5 is the time curve of the baseline-corrected
femoral artery signal intensities for each imaging protocol:
sham exposure, MI=0.2, MI=0.6 and M1=1.0.

[0021] FIG. 6 compares the PSI, ED and AUC values of the
first and second sonications at different MIs presented as
percentage changes.

[0022] FIG. 7 is the schematic representation of the drug-
loaded microbubbles circulation in vivo.

[0023] FIG. 8 is relationship chart of the AUC (area under
the signal-intensity vs. time curve) and Evans Blue extravas-
sation while injecting different doses of microbubbles.

DETAILED DESCRIPTION

[0024] The characteristics and advantages of the present
invention will furthermore be illustrated and explained in the
following preferred embodiments. The preferred embodi-
ments are for better illustration and not for limiting the scope
of the present invention.

[0025] Following is the instruments, devices, methods and
results in the preferred embodiments according to the present
invention. The titles and subtitles in the preferred embodi-
ments are set for facilitating the reader and not for limiting the
scope of the present invention. Besides, some theories are
suggested and disclosed in the present invention. While those
theories can be true or false, all inventions applying those
theories are within the scope of the present invention without
considering any specific theory or application.

EMBODIMENTS
Embodiment 1

An Ultrasound Quantifying System for Monitoring
Drug Delivery

[0026] The ultrasound quantifying system (1) for monitor-
ing drug delivery uses a contrast-enhanced ultrasound system
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to measure the signal intensity of peripheral vessels in order
to quantify the drug delivery at target site. FIG. 1 shows the
basic structure of the ultrasound quantifying system (1) of the
presentation. Wherein the ultrasound quantifying system (1)
includes: an injection device (100) that injects microbubble
contrast agent into the tested object via a catheter or an intra-
venous injection; an ultrasound device (200) that records the
variation of ultrasound signal intensity of the peripheral ves-
sels of the tested object; and a signal processing device (300)
that processes the ultrasound signal data obtained from the
peripheral vessels of the tested object, converts the data into
systemic microbubble concentration and thus calculates the
drug delivery at the target site.

[0027] The ultrasound device (200) is with a first ultra-
sound scanner (210) to produce an ultrasound with low
mechanical index to provide with the contrast-enhanced
ultrasound image. Preferably, the ultrasound device (200)
includes furthermore a second ultrasound scanner to produce
an ultrasound with high mechanical index whose energy level
is high enough to trigger the microbubble destruction as
shown in FIGS. 3q and 34. The first ultrasound device (210)
produce an ultrasound with mechanical index (MI) <0.1 and
the second ultrasound device (220) produce an ultrasound
with mechanical index (MI) between 0.2~5.

[0028] The ultrasound device (200) can furthermore
include a monitor (230). With the ultrasound image shown by
the monitor (230), a region of interest (ROI) can be selected
for signal analysis. In a preferred embodiment of the present
invention, ROI=3x1 mm? as shown in FIG. 2.

[0029] The signal analysis software of the signal process-
ing device (300) processes the ultrasound signal data and
converts the data into a time-intensity curve (TIC) then gives
quantitative result with the quantifying plug-in. Each experi-
ment value is normalized with the baseline value (the average
signal intensity before the injection of contrast agent). The
standardized data is sent to the software MATLAB (The
MathWorks, Natick, Mass., USA) to structure a non-linear
curve using a ninth-order polynomial simulation. 3 param-
eters can be obtained using the TIC value: the peak signal
intensity (PSI), the enhancement duration (ED) and the area
under the signal intensity-time curve (AUC).

[0030] All the data obtained above are shown as
“averagesstandard deviation” and statistically analyzed
using the SPSS statistic software. The between group vari-
ance is tested using the analysis of variance (ANOVA). The
TIC values of sham exposure and sonication under different
MI are compared using ANOVA in order to analyze the rela-
tion between microbubble destruction and different MI. Each
between-group variance is tested using pairing sample tand is
statistically meaningful when P<0.05.

Embodiment 2

Ultrasound Signal Saturation Experiment

[0031] The rats averaging 330 g were anesthetized intrap-
eritoneally with chloral hydrate of 450 mg/kg. Then the rats
were placed in a supine position and the hairs of both things
were shaved for ultrasound experiment. A 24-gauge catheter
was placed in the tail vein and a three-way stopcock was
attached to the end of the catheter with one branch used to
administer microbubble contrast agents in the vein bolus and
the second for flushing with physiologic saline. The
microbubble contrast agents can be anyone of the following
substances: ALBUNEX®, SONOZOID®, SONOVUE®,
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SONOVIST®, OPTISON®, LEVOVIST® or DEFINITY®.
In this preferred embodiment, the powder contrast agent
SonoVue (Bracco, Milan, Italy) was used in this study. 5 mL,
of physiologic saline was added to 25 mg of the powder in
order to make a microbubble contrast agent suspension of
sulfur hexafluoride with the average diameter of 2.5 um
which is considered to be of no difference with saline in terms
of research security.

[0032] An ultrasound system (210) Philips iU22 was used
for this study. It is equipped with a L12-5 linear array trans-
ducer (frequency range 5-12 MHz) for nonlinear harmonic
imaging. A MI of 0.07 was used to avoid microbubble
destruction. The right femoral artery is chosen for signal
measurement. The probe of .12-5 array transducer was held
orthogonal to the skin and parallel to the long axis of the thigh.
Nonenhanced color-coded duplex ultrasound was used to
identify the right femoral artery and then we immediately
switched to contrast-enhanced mode for measurement of
ultrasound signal. The experimental setup is shown in FIG.
3a.

[0033] SonoVue were administered to the rats via the vein
bolus with different quantity (200, 400, 600 and 800 pg/kg).
Sonographic recording of right femoral artery signal was
started 15-30 seconds before each bolus injection of SonoVue
and maintained for 6 minutes. In this time frame, 1980 images
were acquired at a rate of 6 per second for signal analysis.
[0034] FIG. 4 shows the relationship between SonoVue
concentration and peak signal intensity (PSI) when the right
femoral artery was scanned with the [12-5 transducer,
wherein the point zero of PSI represents the baseline signal
intensity before SonoVue injection. The result shows that,
when the SonoVue concentration is between 200-600 pl/kg,
the microbubble concentration is proportional to the PSI
value. The PSI data obtained within this concentration range
and baseline were fitted with a straight line: y=0.195x+8.316
(R®>=0.911). The PSI did not differ significantly between
SonoVue concentrations of 600 and 800 pl./kg, which sug-
gest that ultrasound signal approaches the saturation under
600 ul/kg. It also shows that increasing SonoVue concentra-
tion beyond 600 pl./kg produces nonlinear concentration-
intensity relationship that can lead to underestimation of sys-
temic microbubble concentration. Therefore, the dose of 400
ul/kg was chosen for the subsequent investigations of
microbubble destruction to insure the proportional relation-
ship between the ultrasound signal and microbubble concen-
tration.

Embodiment 3

Microbubble Destruction Experiment

[0035] Inthis preferred embodiment, two sets of ultrasound
equipments are used. Besides the above-mentioned Philips
iU22 ultrasound system (210), another Philips iU22 ultra-
sound system equipped with a 1.17-5 linear array transducer
(220, frequency range 5~17 MHz) was used for microbubbles
destruction. Wherein, for the first ultrasound system (210),
the probe of L12-5 linear array transducer still held orthogo-
nal to the skin and parallel to the long axis of the thigh and the
right femoral artery is still chosen for signal measurement.
And, for the second ultrasound system (220), the probe of
LL17-5 linear array transducer was held orthogonal to and in
full contact with the skin of the left upper thigh and parallel to
the long axis of the thigh. The ultrasound was focused on the
adductor muscles of the left hind limb. The transducer posi-

May 9, 2013

tion and contact area were the same for each experiment in
this preferred embodiment. The experimental setup is shown
in FIG. 3.

[0036] Based on the result of signal saturation experiment
of embodiment 2, we chose SonoVue of 400 pg/kg for
microbubble destruction experiment. Eighteen rats were
divided into three groups for experiment with one of the three
MIs (0.2, 0.6 and 1.0). A sham exposure was performed first
at the start of each group’s experiment. Wherein, With the
L17-5 transducer deactivated, the L.12-5 transducer is used to
capture signal as described in embodiment 2. The TIC of
sham exposure (TIC,) of right femoral artery bolus inject of
SonoVue is obtained. This was followed by a 4-min time
interval, after which the L17-5 transducer (positioned over
the left thigh) was turned on for microbubble destruction and
the TIC of the first sonication (TIC,) is obtained. The above
process was repeated again after a 4-min time interval to
obtain the TIC of the second sonication (TIC,). The results of
shame exposure and microbubble destruction at different MIs
(0.2, 0.5, 1.0) after baseline normalization are presented in
FIG. 5.

[0037] The TIC, and TIC, data was normalized to the TIC,
data (e.g. [TIC,-TIC,]/TIC, and [TIC,-TIC, ]/ TIC,, respec-
tively) and this illustrates the efficacy of the first and second
sonication. FIG. 6 shows different PSI, ED, AUC values of the
first and second sonication in percentage. As a result, high
MIs (0.6 and 1.0) decreased the AUC and ED but not the PSI.
There were no significant differences in the PSI, ED and AUC
between sonication at MI=0.2 and sham exposure or between
MI=0.6 and MI=1.0. The PSI, ED and AUC did not differ
significantly between the first and second sonication for each
group. This shows that the microbubble concentration of the
peripheral vessels that is estimated using the ultrasound
image intensity of the peripheral vessels reflects the systemic
concentration of microbubbles.

Embodiment 4

Pharmacokinetic Analysis

[0038] Compartmental models are classical Pharmacoki-
netic model to simulate the kinetic processes of drug absorp-
tion, distribution and elimination with little physiologic
detail. In this embodiment, the one-compartmental pharma-
cokinetic model is applied to estimate the UTMD at the target
site. Pharmacokinetic calculations of the compartmental
models were performed on each set of data of microbubble
destruction using WinNonlin Standard Edition Vwesion 1.1
(Pharsight, Mountain View, Calif., USA) presented by the
equation C=Ae™%; where A is the intercept of the concentra-
tion for the slow disposition phase and a.is the disposition rate
constant. Data analysis after an intravenous injection at 2
mg/kg within 80 seconds yielded equations of C=120.92e™°-
01921, C=120.41e%°"%% C=117.10e"*°*"*" and C=115.87¢~
0.0243¢ for sham exposure, MI=0.2, MI=0.6, and MI=1.0,
respectively. Concerning Kinetics analysis data are listed
shown in Table 1, the data is shown in “mean+standard devia-
tion”; where AUC is the data of area under the time-intensity
curve, T, is the elimination half-life, C,, . is the maximum
intensity, CL is the clearance, MRT is the mean residence
time and V is the distribution at steady-state.
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TABLE 1
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Pharmacokinetics Analysis

Sham MI 0.2 MI 0.6 MI 1.0
AUC (dBs) 6262.0 £86.9 62183 £102.0 53203+ 660 47459 £ 69.2
Ty (s) 36.1 0.8 36.0 0.4 31.4x0.8 28.3 0.7
C s (A1) 120423 1198 £ 1.7 117.6 2.5 116.7 3.2
CL (uL/s) 0.3+0.0 0.3 £0.0 0.4+0.0 0.4 x0.0
MRT (s) 52.1=1.1 52.0 0.6 453+ 1.1 48010
V,, (uL) 16.7 £0.3 16.7 0.2 17.0 = 0.4 17205
Embodiment 5 Embodiment 6
Monitoring Unreleased Quantity of Long-Acting Blood-Brain Barrier Experiment
Drug in the Tested Object . .
8 ] [0043] Previous studies showed that that the ultrasound (or

[0039] As shown in the previous embodiments, by measur-
ing the ultrasound signal intensity of peripheral vessels, we
can estimate real time systemic microbubble concentration.
And the pharmacokinetics models allow the estimation of the
UTMD amount or the amount of metabolism of microbubbles
in vivo during a period of time. Therefore, another application
of the present invention is further elaborated in this embodi-
ment: quantifying the released and unreleased amount of
long-acting drug in the tested object as shown in FIG. 7.
[0040] FIG. 7 is the schematic diagram of the in-body cir-
culation of drug-loaded microbubbles. Where M(t) is the
concentration of drug-loaded microbubbles in the blood, M,
is the concentration of drug-loaded microbubbles in the
organ, M, is the concentration of drug-loaded microbubbles
triggered under sonication; r; is the bloodstream index in
main metabolic organs, r, is the bloodstream index in the
sonication site and r; is the residue; and K1 is the decay
coefficient in the organ, k2 is the decay coefficient in the
sonication site. Based on mass balance, the variation of drug-
loaded microbubbles in the blood is the sum of the variation
in the organs and ultrasound triggered one. Thus, we get the
following equation:

dM dM, dM;

dr T dr dr
=—kiriM(1) —kar2M (1)

= (=kyry —kpr2)M(2)

[0041] Using Laplace transform, the following equations
can be used to obtain the concentration of the drug-loaded
microbubbles triggered under sonication.

M(O)=Moexp(-k 1 ~koro)t

AM()=(~kr\~kor,)M(t)dt

[0042] In the case where the microbubbles are loaded with
long-acting drugs, body tissues, such as liver, will not destroy
the microbubbles. We can thus assume the value of k;r, is
close to zero. Therefore, the concentration of microbubbles in
the blood measured can be used to estimate the concentration
of UTMD. From this, the quantifying method of the present
invention allows quantification of the real time concentration
of the drug-loaded microbubbles in the tested object with
various time intervals and in a non-invasive way, as well as
measurement of the released and unreleased amount of the
long-acting drug in the tested.

focused ultrasound) while merged with microbubbles creates
void effect that can be used to the reversible disrupt of the
blood-brain barrier and to increase the permeability of the
membrane and the cell gap. The same principle can be applied
to the local drug delivery in the brain. There are also studies
that showed that increasing the amount of microbubbles
could increase the drug delivery. FIG. 8 is the diagram of the
relationship between AUC (the area under the time-signal
curve) and Evans Blue extravasation. It shows that the AUC
measured using the quantifying method of the present inven-
tion is proportional to the drug delivery. It also shows that the
quantifying method using contrast-enhanced ultrasound to
monitor the signal intensity of peripheral vessels in order to
estimate real time concentration of systemic microbubble can
help to set the treatment schedule for ultrasound blood-brain
barrier disruption.

[0044] While the invention has been described in connec-
tion with certain embodiments, it is not intended to limit the
scope of the invention to the particular forms set forth, but, on
the contrary, it is intended to cover such alternatives, modifi-
cations, and equivalents as may be included within the spirit
and scope of the invention.

[0045] There have been described and illustrated herein
several embodiments in order to better illustrate the principle
and application of the present invention and to allow those
who are equipped with common knowledge in the technical
field to utilize this invention and its embodiments and to
modify for meeting specific need. While particular embodi-
ments of the disclosure have been described, it is not intended
that the disclosure be limited thereto, as it is intended that the
disclosure be as broad in scope as the art will allow and that
the specification be read likewise. Therefore, the above
description should not be construed as limiting, but merely as
exemplifications of preferred embodiments. Those skilled in
the art will envision other modifications within the scope and
spirit of the claims appended hereto.

[0046] The characteristics disclosed in the present inven-
tion can be combined in any combination. Each characteristic
disclosed in the present invention can be replaced by same,
equivalent or similar characteristics. Therefore, unless speci-
fied otherwise, each characteristic disclosed is merely an
embodiment of a series of equivalent objects or similar char-
acteristics.

[0047] Based on the prior description, people familiar with
the art can easily identify the basic characteristics of the
present invention. Various modifications may be made to this
invention for different usages and situations without depart-
ing from the scope covered by the appended claims. Any
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modification or change not departing from the main idea of
the present invention is within the scope of the patent claimed.

What is claimed is:

1. A method for quantifying drug delivery with the char-
acteristic of measuring the signal intensity of peripheral ves-
sels using contrast-enhanced ultrasound in order to quantify
the drug delivery at a target site.

2. The method as in claim 1, wherein the method includes:

a. Providing an ultrasound device for producing ultrasound
with a specific mechanical index (MI);

b. Injecting a specific dose of ultrasound contrast agent into
a tested object;

c. Monitoring the ultrasound signal intensity of the periph-
eral vessels of the tested object using the contrast-en-
hanced ultrasound;

d. Calculating systemic microbubble concentration based
on the variation of the ultrasound signal intensity; and

e. Calculating the drug deliver at the target site based on the
systemic microbubble concentration.

3. The method as in claim 1, wherein the drug is loaded by

microbubbles.

4. The method as in claim 2, wherein the specific dose of
ultrasound contrast agent is in the range where the
microbubble concentration is proportional to the ultrasound
signal intensity.

5. The method as in claim 2, wherein the ultrasound device
is used to produce ultrasound of low mechanical index whose
energy is not sufficient to trigger the microbubble destruction
in order to obtain the contrast-enhanced ultrasound image.

6. The method as in claim 2, wherein the ultrasound
devices includes:

A first ultrasound scanner to produce ultrasound of low

mechanical index; and

A second ultrasound scanner to produce ultrasound of high
mechanical index.

7. The method as in claim 6, wherein the ultrasound of low
mechanical index produced by the first ultrasound scanner is
of energy that is not sufficient to trigger the microbubble
destruction in order to obtain the contrast-enhanced ultra-
sound image for recording the ultrasound signal intensity at
peripheral vessels.

8. The method as in claim 6, wherein the ultrasound of high
mechanical index produced by the second ultrasound scanner
is of energy that is sufficient to trigger the microbubble
destruction at target site.

9. The method as in claim 4, wherein the calculation of real
time systemic concentration of microbubble is made using
pharmacokinetic formula based on the attenuation amount
and attenuation constant of ultrasound signal based on the
microbubble destruction triggered by the second sonication.
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10. The method as in claim 1, wherein the targeted drug
delivery is realized via the method of quantified ultrasound-
triggered microbubble destruction.

11. The method as in claim 1, wherein the method is used
to quantify the unreleased amount of a long-acting drug in a
tested object.

12. The method as in claim 1, wherein the method is used
to monitor the systemic concentration of microbubbles to
ensure the occurrence of void effect in order to assist to set the
ultrasound disruption of blood-brain barrier treatment sched-
ule.

13. The method as in claim 5, wherein the mechanical
index (MI) of ultrasound <0.1.

14. The method as in claim 6, wherein the MI of the
ultrasound produced by the first sonication <0.1 and the MI of
the ultrasound produced by the second sonication is between
0.2-5.

15. A quantifying system for monitoring drug delivery that,
based on the method as in claim 1, measures the signal inten-
sity of peripheral vessels with a contrast enhanced ultrasound
system in order to quantify the drug delivery at target site,
wherein the system includes:

An injection device that injects microbubble contrast agent
into the tested object via a catheter or an intravenous
injection;

An ultrasound device that records the variation of ultra-
sound signal intensity of the peripheral vessels of the
tested object; and

A signal-processing device that processes the ultrasound
signal data obtained from the peripheral vessels of the
tested object and converts the data into systemic
microbubble concentration and thus calculates the drug
delivery at the target site.

16. A quantifying system as in claim 15, wherein the ultra-

sound device includes:

A first ultrasound scanner to produce ultrasound of low
mechanical index in order to obtain a contrast enhanced
ultrasound image of the microbubble; and

A second ultrasound scanner to produce ultrasound of high
mechanical index in order to trigger the destruction of
microbubbles.

17. A method as in claim 15, wherein the ultrasound pro-

duced by the ultrasound device is of mechanical index <0.1.

18. A method as in claim 15, wherein the ultrasound pro-
duced by the first ultrasound scanner is of mechanical index
<0.1 and the ultrasound produced by the first ultrasound
scanner is of mechanical index between 0.2-5.
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