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Abstract

The usefulness of a modified albumin solution was assessed in 8 dogs after peripheral venous and inferior
vena cava injections. The contrast agent is a mixed solution made of glucose, albumin and glycerin, with
sonicated microbubble diameter of 5.0 & 2.3 uwm. Multiple injections (8 ml each) of this contrast agent (total
80 injections) into peripheral vein and inferior cava were performed. The blood pressure from femoral artery
was measured before, during and after injections.

Two-dimensional echocardiograms were recorded in a modified long axis view on videotapes for play back
analysis. The pulmonary transit time and left ventricular contrast persistent time was determined for each
mjection. The videodensity of the region of interest (ROI) at the center of right ventricle and left ventricle
was measured. The background videodensity of both ventricles was evaluated. The videodensity over the
ROI of both ventricles with peak contrast enhancement was measured in all frames for 3 consecutive cardiac
cycles. The peak videodensity of right and left ventricle subtracting the background videodensity of each
ventricles was further calculated respectively.

The injections caused no change in blood pressure or heart rate. All injections produced right ventricular
contrast echo. As much as 85% of peripheral venous and 82.5% of inferior vena cava injections resulted in
left ventricular contrast which was 0.68 and 0.65 as bright as that produced in the right ventricle. Pulmonary
transit time and left ventricle contrast persistent time of peripheral venous injection was 4.05 £ 0.53 and
13.67 + 4.28 seconds respectively. No difference of these data (3.93 = 0.47 and 11.65 % 4.66 seconds) from
those produced by inferior vena cava injections were noted.

Thus, this modified contrast agent is capable of opacifying the left ventricle after peripheral venous
injection. The peripheral venous injection is just as effective as the inferior vena cava injection and causes no
significant changes in blood pressure and heart rate.

Introduction [1-4]. Meltzer and his colleagues [5] showed that

microbubbles larger than 8 um in size are filtered
Opacification of left ventricle and myocardium af- by the ‘sieve’ action of the pulmonary capillary
ter intravenous injection of echo contrast agent has bed.

been a goal of echocardiographers for many years Efforts have been made to opacify the left ventri-
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cle after peripheral venous injection of several con-
trast agents [6-9]. Only limited papers have de-
scribed the videodensity measurement, and the ra-
tios of peak videodensity of left ventricle to that of
right ventricle range from 0.28 to 0.35 [8, 10]. Fur-
ther studies to search for the ideal contrast agent
that is stable, nontoxic, and capable of opacifying
the left ventricle after intravenous injection are still
needed. This study was undertaken to evaluate the
effectiveness of a modified contrast agent — the
combined albumin-glucose-glycerin solution - to
opacify the left ventricle after peripheral venous
injection in a canine model.

Methods
Animal preparation

Eight mongrel dogs weighing from 14 to 22 (mean
18.6) kg were anesthetized initially with intramus-
cular injection of Ketamin (10~13 mg/kg), then can-
nulated with an endotracheal tube and ventilated
artificially with room air by a Harvard ventilation.
The end expiratory CO, concentration was main-
tained at 3.5-4.5%. Anesthesia was maintained by
intravenous injection of alpha-chloralose (30—
10mg/kg) and urethane (200-400mg/kg). A 6F
side-armed catheter was inserted into the femoral
artery and connected to a multichannel recording
system (Gould Interface 4600 and Gould ES 1000
recorder) for monitoring and recording the arterial
pressure. The femoral vein was catheterized with a
6F side-armed sheath, followed by inserting a mul-
ti-hole pigtail catheter through the sheath to the
inferior vena cava. A standard lead II electrocar-
diogram was also monitored continuously. Core
temperature was maintained at 37°C by a heating
pad.

A standard No. 19 jelco gauge was inserted into a
left foreleg vein and connected to a short extension
tube with stopcocks. The sonicated contrast agent
was injected either through the stopcocks into pe-
ripheral vein or through the pigtail catheter into the
inferior vena cava.

Contrast agent preparation

A Heat System sonicator (Modet M-375) witha 0.5
inch (1.27 cm) diameter horn was used to generate
microbubbles. The contrast solution was prepared
by mixing the commercially available human albu-
min (produced by the Institute Merieux, Lyon,
France), glucose, glycerin and distil water to make
a 10 ml solution containing 5% albumin, 50% glu-
cose and 0.75 gm glycerin. Usually 100 ml mixed
solution was made before the animal study. Fifty
gm glucose powder was added in 50 ml distil water,
then heating and stirring till the sugar was dissolved
in water. After it cooled down to room temper-
ature, the albumin solution (equal to 5gm) was
added to the above solution followed by adding
distil water to make a 100 ml solution. Before solic-
ation, 0.75gm glycerin solution (=0.6ml) was
added in each 10ml mixed albumin and glucose
solution. Ten ml of this combined albumin-giu-
cose-glycerin solution was sonicated for 70 seconds
with introduction of the tip of the sonicated horn
into the solution similar to the technique described
previously [11, 12].

After sonication, one drop solution was sampled
from the middle layer and promptly placed on a
microscope slide covered with a coverslip. The im-
ages of microbubbles in different fields were re-
corded in high quality videotape via videocamera
and played back subsequently for analysis. The
microbubble diameter was measured for at least 4
consecutive fields with the assistance of microm-
eter (Nikon, MBM 11100). Totally 200 microbub-
bles were measured and the mean value was calcu-
lated. The diameter of 100 red blood cell from a
blood smear of a normal subject was also measured
and mean value was determined for comparison

(Fig. 1).

Study protocol

Multiple hand injections of 8 ml sonicated contrast
solution through the extension tube and the jelco
gauge into foreleg vein, and through the pigtail
catheter into the inferior vena cava were perform-
ed. Each injection was followed by a rapid flush
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Fig. 1. Showing the microscopic images (X 400) of microbubbles (upper panels), the micrometer (fower left) and the red blood celis of a

normal subject (lower right panel).

with 10 ml normal saline solution. The electrocar-
diogram, blood pressure and heart rate were con-
tinnously monitored.

Echocardiographic study

Two-dimensional echocardiogram was performed
by using an Irex-Meridian Echo machine with a
2.5MHz transducer. The dog was placed on a spe-
cial table with a cutout region corresponding to the
dog heart area. The modified long axis view was
obtained at the right lateral decubitus position
from a closed chest dog. The two-dimensional
echocardiograms were first adjusted for optimal
resolution and for good imaging quality during the
baseline study. Once the gain setting was establish-
ed, the total-gain, rejection, depth, transmit power

and the time-gain compensation were kept con-
stant thereafter throughout the study in each dog.
All contrast injections were recorded on a high
quality FUJI (VHS} videotapes for subsequent
play back and off-line computer analysis.

Videodensitometric analysis

Echocardiograms were analyzed off-line by using
an image digitizing system developed in our lab-
oratory {13]. This system has a multifunctioning
Panasonic model AG-6300 VHS videocassette re-
corder, a high resolution Barco color monitor with
R-G-B signal output, a Time Base Corrector and a
computer system. The computer system can dig-
itize a full field of analog video data with a resolu-
tion of 512 X 512 picture elements {pixels) by 256
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Fig. 2. Selecting of a region of interest (the rectangle area in the center of right (left upper) and left (right upper) ventricle and the
videodensity curve of both ventricles (lower) for 3 consecutive cardiac cycles. The videodensity curve from right and left ventricle was
not measured simultaneously. The LV contrast enhancement occurred in diastole and arrows indicated the peak videodensity of each

cardiac cycle, the videodensity tended to decrease in systole (asterisks). RV = right ventricle, LV = left ventricle. (sce text).

gray levels. The videodensity of the same region of
interest at the center of right ventricle and left
ventricle avoiding the cardiac structures such as
endocardium, valvular leaflets and chordae was
determined by this image digitizing system. The
background videodensity of right ventricle and left
ventricle was evaluated in 10 frames and the mean
gray level was obtained. The videodensity over the
same regions at the center of both ventricles were
measured in all frames for 3 consecutive cardiac
cycles (the cardiac cycle with peak ventricular con-
trast enhancement and the preceding and following
cycles). Figure 2 demonstrated the selection of a
region of interest in the center of right and left
ventricle and the videodensity of both ventricles for
3 cardiac cycles. The peak videodensity (arrow) of

each cardiac cycle was determined and the mean
value was calculated. The peak videodensity of
right and left ventricle subtracting the background
videodensity of both ventricles were obtained re-
spectively. The ratio of peak videodensity of left
ventricle to that of right ventricle was further calcu-
lated in each injection. The number of pixels within
the region of interest was 64 pixels throughout the
study. Since excessive right ventricular echo with
lateral shadowing (Fig. 3) occurred usually in the
2-3 cardiac cycles at the beginning of contrast echo
appearing in the right ventricle which may affect
the videodensity measurement, these frames were
therefore excluded. Only the cardiac cycles with
peak right ventricular contrast without shadowing
were selected for study.



Fig. 3. Showing the excessive right ventricular echo with sub-
stantiate shadowing which may affect the measurement of video-
density of right ventricle.

The left ventricular contrast persistent time was
defined as the total time in seconds during which
contrast was detectable within the region of in-
terest in left ventricle, from the appearance of con-
trast to the point at which the videodensity closed
to the baseline intensity.

Pulmonary transit time (in seconds) was defined
as the time from the arrival of contrast echo in the
right ventricle to that in the left ventricle.

Statistical analysis

The Wilcoxon rank sum test was used to compare
videodensity, pulmonary transit time and left ven-
tricular persistent time from peripheral vein versus
inferior vena cava injections. Statistical signifi-
cance is defined as p < 0.05.

Results
Microbubble diameter
The microbubble diameter ranged from 1 to 9

(mean 5.0+ 2.3) um. The diameter of red blood
cells ranged from 6 to 9 (mean 7.1+ 0.9) wm.
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Fig. 4. Depicting the blood pressure recording from peripheral
venous (upper) and inferior vena cava injections (lower). Slight
variation of baseline blood pressure due to respiration was
noted. Contrast agent injections (arrows) caused slight but in-
significant increase in blood pressure but soon returned to base-
line level.

Side effects

All dogs tolerated the peripheral venous and in-
ferior vena cava injections of this contrast agent.
No arrhythmia or ST-T change of the electrocar-
diogram and no significant change in heart rate
were noted before versus after injection of the
contrast agent. Slight increase in blood pressure
after injection but soon returned to baseline were
noted in all dogs (Fig. 4). The increased systolic
blood pressure (112.7 £ 9.5 mmHg) was statistical-
ly insignificant compared to baseline (108.5*
9.4 mmHg). The echocardiograms revealed no re-
gional wall motion abnormalities throughout the
study.

Right ventricular and left ventricular contrast

All injections produced contrast echo in right ven-
tricle. Excessive right ventricular echo in the initial
2-3 cardiac cycles after injections might result in
substantiate shadowing which was observed in all
injections. Figure 5 demonstrated the echocardio-
grams in a dog before- (upper) and after-injection
of this modified albumin solution with contrast en-
hancement in the right ventricle (middle) and left
ventricle (lower). Dense echo contrast in left ven-
tricle was noted which indicating a great amount of
contrast agent had transmitted through the lungs.
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Fig. 5. Showing the echocardiograms of a modified long axis
view in a dog before injection of echo contrast agent (upper),
the contrast enhancement in right ventricle (middle) and left
ventricle (lower). Dense echo contrast appearing in both ventri-
cles could be observed. RV = right ventricle, LV = left ventricle.

In peripheral venous injection, the mean right ven-
tricular and left ventricular background videoden-
sity was 0.63 = 0.35 and 0.13 £ 0.16 gray level/
pixel respectively. In the left ventricular video-
density curve, the peak videodensity occurred not
only in early diastole but also in atrial systole. In
Fig. 2, there were two top points in each cardiac
cycle of the videodensity curve, in the first and
third cycle, the peak occurred at atrial systole,
while in the middle cycle it occurred at early dias-
tole. Meanwhile, the videodensity tended to de-
crease in systole.

After subtracting the background videodensity,
the mean peak right ventricular videodensity was
78.4 £ 11.1 gray level/pixel. Thirty-four (85%) of
the 40 intravenous injections resulted in left ven-
tricular contrast with a mean peak left ventricular
videodensity of 55.6 £ 10.73 gray level/pixel. The
ratio of peak left ventricular videodensity to peak
right ventricular videodensity (LV/RV) in individ-
ual injection ranged from 0.42 to 0.90 (mean
0.68 £ 0.15). Similarly, after subtracting the base-
line videodensity, the inferior vena cava injection
produced left ventricular contrast with a mean
peak right ventricular videodensity of 81.22 %
12.24 gray level/pixel. The peak left ventricular
videodensity was 56.04 = 11.68 gray level/pixel
which is 65% as bright as that from the right ventri-
cle (Fig. 6).

Pulmonary transit time and left ventricular
persistent time

In peripheral venous injection, the pulmonary
transit time ranged from 2.83 to 4.48 (mean 4.05 &
0.53) and the left ventricular contrast persistent
time ranged from 12.0 to 14.5 (mean 13.67 & 4.28).
There were no difference of the pulmonary transit
time (3.93 £ 0.47, P= N.S), and left ventricular
contrast persistent time (11.65 & 4.66, P = N.S) as
compared with those injected from inferior vena
cava.



Discussion

Sonicated albumin solution has been previously
evaluated as an echocardiographic contrast agent
[6, 14, 15]. It has been shown that sonicated albu-
min did not alter hemodynamic, coronary blood
flow or left ventricular contractility [14]. We have
added glycerin in the albumin solution, as glycerin
is a demulcent polyhydroxy compound which is
miscible with water and alcohol. It has been exten-
sively employed as a vehicle for many drugs such as
those used for the treatment of cerebral edema, to
lower occular tension in glaucoma, or as a lotion for
roughened skin [16]. The glycerin added to the
albumin solution may be helpful to produce micro-
bubbles which are smaller in size and more stable.
Although glycerin by itself does not function as
bubbling agent, it contributes to the prohibition of
bubble fusion, so it can stabilize small-size micro-
bubble. Meanwhile, as intravenous injection of
glycerin has been used to treat some diseases, it was
selected because it may cause nontoxic and less side
effect. The goal of high concentration glucose
seems to increase viscosity of the albumin solution
so that higher temperature can be reached during
sonication. This would assist in the denaturation of
albumin into the surface active form, which in turns
can stabilize the bubbles. It seemed that the micro-
bubbles derived from this contrast agent had a
satisfactory size which comparable to the size of red
blood cells, can be transferred from pulmonary
circulation smoothly without prolongation of pul-
monary transit time. Previous reports described
that intracoronary sonicated albumin [11, 18] and
intravenous Albunex [9] produced no significant
side effects and increased dosage of Albunex (up to
0.12 ml/kg) was well tolerated. Our study found
that there was no significant change in the electro-
cardiograms, blood pressure and heart rate during
and after the hand injection of this modefied albu-
mine solution.

The peak intensity of right and left ventricle
produced by contrast echo was obtained with the
peak videodensity minus the baseline videodensi-
ty. Since both ventricles might have different depth
from the transducer and different gain control set-
tings, they might have different background video-
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Fig. 6. Depicting the bar diagrams of peak videodensity of both
ventricles in peripheral venous (PV}) injection and inferior vena
cava (IVC) injection. RV = right ventricle, LV = left ventricle.

density. We found that the background videodensi-
ty of right ventricle tended to be greater than that
of left ventricle (Table 1). The ratio of the video-
density of left ventricle to that of the right ventricle
was considered to be comparable only if it was
corrected after subtracting the background video-
density. This ratio reflected the amount of contrast
agent passage through lungs to the left ventricle.
As only the videodensity with peak ventricular con-
trast enhancement in right and left ventricle was
measured, the cardiac cycles selected for the video-
density measurement in right ventricle were usu-
ally earlier than those in left ventricle and they
were not in the same cardiac cycles. We noticed
that the left ventricle contrast enhancement oc-
curred not only in early diastole but also in atrial
systole, while it tended to decrease in systole (Fig.
2). Similar finding of systolic decrease in left ven-
tricular contrast intensity have been reported by
Shapiro et al. This phenomenon was considered
probably due to the destruction of albumin-coated
microbubbles by high left ventricular systolic pres-
sure [10]. Two other factors might also affect the
videodensity measurement. First, the dog was on
assist ventilation during echo study. Although we
tried to fix the transducer at the same position
throughout the study, yet, the transﬁducer position
still possible to have small changes during respira-
tion. Slight change of transducer position would
affect the videodensity measurememjt considerably.
It was the limitation that we could ot get rid of it
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completely. Second, since the size of each ventricle
might change at different phase of cardiac cycle,
therefore, it was hard to place the region of interest
at the center of both ventricles with changing size.
The selection of the region of interest possibly
might contribute to the variability in the video-
density measurement.

A wide variability in the efficacy of transpulmon-
ary passage of contrast agent and a significant de-
crease in left ventricular contrast intensity as com-
pared with right ventricular intensity had been ob-
served by the peripheral venous injection of the
sonicated albumin [10]. Keller and his colleagues
also noted a transpulmonary lose of 61% of the
contrast effect after intravenous injection of son-
icated albumin in dogs. In our 80 injections, all
peripheral venous injections and inferior vena cava
injections resulted in right heart contrast echo.
Eighty-five percent of the peripheral venous in-
jections and 82.5% of the inferior vena cava in-
jections resulted in left ventricular contrast enhan-
cement. While other injections produced only faint
visualization of left ventricle in some dogs. Since
we did not routinely examine the physical condi-
tion of our dogs, these animals had different
weight, species and gender. Besides, we did not
know whether these dogs might have parasites in
the lung tissue or they might have minor pulmonary
disease, these factors could play some roles to in-
fluence the left ventricular opacification. We felt
that both peripheral venous and inferior vena cava
injection of this contrast agent can produce effi-
cient left ventricular opacification and the echo
intensity was 68% and 65% of that produced in the

Table 1. Data after injection of contrast agent.

right ventricle. These results showed that the mod-
ified albumin solution had a relatively greater rate
of left ventricular opacification and possibly more
denser of the left ventricular echo intensity than
those reported previously. This difference may be
due to the difference in contrast agent, in dogs or in
different method of measurement of peak echo
intensity.

Conclusion

This study has demonstrated that good results of
left ventricular opacification can be produced by
this modified albumin solution after peripheral ve-
nous injection and caused no significant changes in
blood pressure and heart rate. The peripheral ve-
nous injection is just as effective as inferior vena
cava injection in the left ventricular opacification
and, therefore, the peripheral vein as an injecting
site is recommended. Further study to evaluate the
usefulness of this contrast agent to opacify the left
ventricle in human is needed.
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PV injection IVC injection
Pulmonary transit time (second) 405+ 0.53 3.93+ 047
LV contrast persistent time (second) 13.67 £ 4.28 11.65* 4.66
RV background videodensity 0.63+ 0.35 1.0% 0.90
LV background videodensity 0.13£ 0.16 0.13£ 0.18
RV peak videodensity 78.40 £ 11.10 81.22+ 12.24
LV peak videodensity 55.66 = 10.73 56.04 + 11.68
LV/RL videodensity ratio 0.68+ 0.15 0.65+ 0.18

RV = right ventricle, LV = left ventricle, PV = peripheral vein, IVC = inferior vena cava, videodensity unit = gray level/pixel, P =

no significance in all comparisons of PV versus IVC injection.
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