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This study examined the effects of Albunex® (sonicated 5% human serum albumin) infusion on left
ventricular inflow velocity by Doppler echocardiography. Left ventricular pressure and left ventricular
inflow velocity were recorded simultaneously under eight different conditions in dogs : 1) baseline 1
(control), 2) Albunex 0.2 m//kg, 3) baseline 2, 4) Albunex 0.5 m//kg, infusion of dextran 100 ml,
5) baseline 3, 6) Albunex 0.2 ml/kg, 7) baseline 4, and 8) Albunex 0.5 m//kg.

In the normal state (no dextran), Albunex (0.2 mi/kg) caused no hemodynamic changes or inflow ve-
locity changes. In contrast, infusion of Albunex (0.5 m//kg) caused time velocity integrals of early filling
to increase from the baseline (5.51+£1.13 vs 7.19+1.14 cm, p<0.05). After dextran infusion (100 ml),
Albunex (0.2 ml/kg) caused peak early filling velocity to increase (62.41+6.9 vs 67.319.4 cm/sec, p<
0.05), and infusion of Albunex (0.5 ml/kg) also caused peak early filling velocity to increase from
baseline (64.6 8.5 vs 73.7+14.5 cm/sec, p<0.05). Infusion of Albunex (0.5 ml/kg) after dextran infu-
sion caused increases in left ventricular pressure at the mitral valve opening (12.7£3.1 vs 152+
3.3 mmHg, p<0.05) and in left atrial driving force (13.5%+3.6 vs 16.7+5.9 mmHg, p<0.05).

Clinicians should be cautious about using Albunex at doses of greater than 0.2 m//kg when evaluating
the pressure gradient of the left ventricle in patients with elevated left ventricular diastolic pressure. In
patients with normal hemodynamics, Albunex infusion at doses of less than 0.2 mi/kg apparently did not

affect the velocity measurement.
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INTRODUCTION

Contrast echocardiography was introduced clini-
cally by Gramiak et al.”, and has been applied to the
detection of intracardiac shunt?, and delineation of
the left ventricular cavity®. Since then, various echo
contrast agents have been tried in vitro®. Albunex®

Doppler ultrasound, Hemodynamics

(sonicated 5% human serum albumin, Molecular
Biosystems, USA) is a Doppler contrast agent for
left ventricular flow that can be injected via a pe-
ripheral vein®>®. Peripheral injection improves the
assessment of right ventricular systolic pressure®
and the pressure gradient of aortic stenosis'®. Pe-
ripheral injection of Albunex 0.5 ml//kg causes a

I B RFRFER FE AR T500 BLRTTRIAT 40; *(F) FHBRIBFHFIT BRER: 7511 ZERZAHHRAT 1-32

The Second Department of Internal Medicine, Gifu University School of Medicine, Gifu; *(present) Cardiovascular Division, Hirata Hospital, Mie
Address for reprints : TOMITA M, MD, Cardiovascular Division, Hirata Hospital, Chuo-cho, 1-32, Kuwana, Mie 511

Manuscript received May 27, 1996; revised January 23, 1997; accepted February 19, 1997

283



284 Tomita, Wada, Tanaka et al

Selected abbreviations and acronyms

A =atrial filling velocity

A area=diastolic atrial filling velocity-time integral

A velocity =diastolic maximum atrial filling velocity
E=early filling velocity

E area=diastolic early filling velocity-time integral

E velocity =diastolic maximum early filling velocity
Pmin=left ventricular diastolic minimum pressure
PMVO=Ileft ventricular pressure at mitral valve opening
PMVO-Pmin=left atrial driving force

T=time constant

transient increase in left ventricular end-diastolic
pressure'V. However, there have been no studies of
the effects of infused Albunex on left ventricular in-
flow velocity in normal animals or in those with
congestive heart failure. Knowledge of any effects
of Albunex on left ventricular inflow velocity is es-
sential if this substance is to be used in the measure-
ment of left ventricular flow clinically.

This study examined the effects of infused
Albunex on left ventricular inflow velocity and left
ventricular hemodynamics in dogs, in the normal
and elevated left ventricular diastolic pressure states
induced by the infusion of dextran.

METHODS

In five dogs (5-15 kg of both sexes), general an-
esthesia was induced by intravenous infusion of
fentanyl, midazolam and becroniumbromide, and
maintained throughout the experiment. Respiration
was controlled by a ventilator (Model AR 300,
Acoma, Tokyo, Japan).

The effects of infused Albunex on left ventricular
inflow velocity and hemodynamics were studied by
Doppler echocardiography (Aloka SSD660, 2.7
MHz transducer, Tokyo, Japan) and a catheter tip
manometer (Model SPR249, Millar Instrument Co.,
Houston, TX, USA), respectively.

Study protocol

Left ventricular pressure and left ventricular in-
flow velocity were recorded simultaneously under
the following eight conditions :

1) Baseline 1,2) Albunex 0.2 ml/kg, 3) baseline
2,4) Albunex 0.5 mi/kg.

Infusion of dextran 100 ml, 5) baseline 3,
6) Albunex 0.2 m//kg, 7) baseline 4, 8) Albunex
0.5 ml/kg.

Sonicated albumin was prepared according to the
manufacturer’s instructions. The solution in a 3.5
m/ vial was blended to a uniform concentration by a
gentle, manual rotation of the horizontal vial for a
minimum of 3 min. After venting the vial with an
18-gauge needle, the agent was slowly drawn into a
syringe through another 18-gauge needle.

A series of two contrast agent injections prepared
as described above were administered to each dog
through the peripheral veins. Injections were sepa-
rated by 5-min intervals.

The contrast enhancement of the inflow velocity
continued for 30 to 40 beats. Albunex of 0.5 ml/kg
infusion tended to enhance for a longer duration
than 0.2 ml/kg infusion. Dextran (100 m/ bolus)
was infused through the peripheral vein, and was re-
peated until the left ventricular end-diastolic pres-
sure increased by at least 5 mmHg from the
baseline.

Data from three consecutive heart beats around
the maximum enhancement point were analyzed as
follows and averaged.

Data acquisition and analysis

Left ventricular pressure

A catheter tip manometer was introduced through
the left carotid artery into the left ventricle. The left
ventricular pressure was recorded simultaneously
with left ventricular inflow velocity under the eight
conditions described in the protocol (paper speed of
100 mm/sec) (Fig. 1). The left ventricular pressure
tracings were analyzed using a personal computer
(Mitsubishi, MP286L) and a digitizing tablet
(Summa sketch, 5 msec digitizing intervals) as fol-
lows :

A) Left ventricular pressure at mitral valve
opening (PMVO) (more precisely left ventricular
pressure at the beginning of left ventricular inflow
was measured)

B) Left ventricular diastolic minimum pressure
(Prin)

C) Left atrial driving force (PMVO-Puin)

Time constant (T) of left ventricular pressure de-
cay (Weiss), left ventricular peak systolic pressure,
left ventricular end-diastolic pressure, and heart rate
were also measured.

Left ventricular inflow velocity

Left ventricular inflow velocity was recorded
from the apical four-chamber view by pulsed Dop-
pler echocardiography on strip charts (paper speed
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of 100 mm/sec). The sampling volume was placed
at the mitral annular level (Fig. 1). Once the best
Doppler flow gain setting was achieved, the setting
was kept the same throughout the series of studies.
The obtained left ventricular inflow velocity record-
ings were analyzed using a personal computer
(Mitsubishi, MP286L) and a digitizing tablet
(Summa sketch, 5 msec digitizing intervals) as fol-
lows :

D) Diastolic maximum early filling velocity (E
velocity)

E) Diastolic early filling velocity-time integral
(E area)

F) Diastolic maximum atrial filling velocity (A
velocity)

G) Diastolic atrial filling velocity-time integral
(A area)

H) A velocity/E velocity

I) Earea/(E+A) area

In one dog, the data obtained in two series were
compared at baseline and after Albunex (0.2 ml//kg)
infusion. The average difference of the measure-
ments between the first and the second series of E
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Left : Records in a representative case
(baseline and after infusion of Albunex
0.5 ml/kg).

Right : Schema of left ventricular in-
g flow (upper) and schema of left ven-
tricular pressure (lower).

ECG =electrocardiogram; LV =left
ventricular; PCW =pulmonary capil-
lary wedge pressure.

velocity, A velocity, E area, A area, Pun, PMVO,
and Tau was 4.4+ 1.3%. The reproducibility, there-
fore, was acceptable. Thus, only the recordings of
the first series were used.

Statistical methods

Data are expressed as mean =+ standard devia-
tion. Comparisons were made using Student’s
paired #-test. The difference was considered statisti-
cally significant when p<<0.05.

RESULTS

Effects of Albunex on left ventricular pressure

and left ventricular inflow velocity

Control state

Infusion of Albunex 0.2 ml/kg: As shown in
Table 1, infusion of Albunex (0.2 m//kg) caused no
change in T, PMVO, P, and PMVO-Puin.

As shown in Table 2, indexes of early filling ve-
locity (E) and of atrial filling velocity (A) were also
not affected. E area and A area did not increase sig-
nificantly. Pattern of left ventricular inflow A veloc-
ity/E velocity, and E area/(E+ A) area were also
unaffected.



286 Tomita, Wada, Tanaka et al
Table 1 Effects of Albunex infusion on hemodynamics
PMVO Pmin PMVO-Pnmin T ~ LVP LVEDP HR
(mmHg) (mmHg) (mmHg) (msec) (mmHg) (mmHg) (bpm)
Baseline 1 13.4%x3.6 43+%22 9.1+34 29.1+4.2 128.4+£27.0 13.2+54 91+25
SA0.2 13.1£1.8 4.6*1.6 85+22 30.4+4.5 133.6+21.4 10414 90+24
Baseline 2 12.7£3.1 47£1.6 8.1+24 31.9+39 131.2+25.6 11.0+0.8 92+24
SA0.5 15.2+3.3* 53%+1.6 9.8+3.3 334+35 133.2+24.4 13.6t1.6* 85+23
Baseline 3 23.3+3.0 10.5+1.8 12.8+3.7 35.8+4.2 140.4%16.5 21.8+6.7 10611
SA0.2 249+4.5 104+1.9 14.5%5.1 37.6+4.8 143.6£15.5 19.2+4.2 10611
Baseline 4 23.8+3.3 10.3+1.8 13.5+3.6 38.7+59 140.4+18.8 18.3+£2.6 105+17
SA0.5 27.1£6.0* 104+2.7 16.7+5.9*% 38.8+3.8 141.8+18.1 21.9+4.2% 109110
*p<0.05 vs baseline.
LVP=peak systolic left ventricular pressure; LVEDP=left ventricular end-diastolic pressure; HR=heart rate; SAO0.2=infusion of Albunex

0.2 mi/kg; SAO0.5=infusion of Albunex 0.5 ml/kg.
Table 2 Effects of Albunex infusion on left ventricular inflow velocity
A velocity E velocity A area E area
(cm/sec) (cm/sec) AE (cm) (cm) E area/(E+A) area
Baseline 1 403*+144 55.4+6.2 0.71£0.21 3.09+1.96 5.66+1.01 6.68+0.13
SA0.2 41.3%£139 58.3+3.5 0.70+0.21 343+1.75 6.53+0.60 0.67£0.11
Baseline 2 41.9%16.0 56.0+4.7 0.74+0.27 2.92+1.42 551+1.13 0.66+0.13
SA0.5 4481138 65.91+9.2 0.68+£0.20 3.60*+1.17* 7.19£1.14* 0.67£0.08
Baseline 3 56.5+4.2 62.41+6.9 0.92+0.14 3.841+0.25 5.52+1.54 0.61+0.05
SA0.2 57.8+2.8 67.3+9.4* 0.87+0.13 4.38+0.73 6.42+1.61 0.59£0.02
Baseline 4 55.6+3.3 64.61+8.5 0.871£0.15 4.00£0.66 6.05+1.32 0.60+0.06
SA0.5 58.7+3.5 73.7+14.5* 0.83+0.17 4.42£0.65 7.11£1.60* 0.62+0.05
*p<0.05 vs baseline.

Abbreviations as in Table 1.

Infusion of Albunex 0.5ml/kg: T was not
changed. PMVO increased significantly (12.7 £3.1
vs 15.2£3.3 mmHg, p<0.05), but Pr. and PMVO-
Puin were not increased (Table 1).

E velocity, A velocity and A/E ratio were not
changed significantly. However, E area increased
from 5.51+£1.13 to 7.19+t1.14 cm and A area in-
creased from 2.92+1.42 to 3.60%£1.17 cm. E area/
(E+ A) area showed no change (Table 2).

Albunex (0.2 ml/kg) and dextran infusion : As
shown in Table 1, T (35.8 4.2 vs 37.6 =4.8 msec),
PMVO (23.3£3.0 vs 24.9+4.5 mmHg), Pun (10.5
+1.8 vs 10.4%1.9 mmHg), and PMVO-Pain (12.8 £
3.7 vs 14.5+t5.1 mmHg) tended to increase but the
changes were not significant.

E velocity (62.4%6.9 vs 67.3+9.4 cm/sec, p<
0.05) increased significantly. A velocity (56.5+4.2
vs 57.8+2.8 cm/sec), E area (5.521+1.54 vs 6.42 %
1.61cm), and A area (3.84£0.25 vs 4.38%
0.73 cm) tended to increase but the changes were
not significant. A/E and E area/(E+ A) area were

also not changed significantly (Table 2).

Albunex (0.5 ml/kg) and dextran infusion: T
was not significantly changed (38.71+5.9 vs 38.8 £
3.8 msec). PMVO increased significantly (23.8+
3.3 vs 27.1+6.0 mmHg, p<0.05). Pmn was not
changed. PMVO-P... increased significantly (13.5
+3.6 vs 16.7£5.9 mmHg, p<0.05; Fig. 2).

E velocity increased significantly (64.6£8.5 vs
73.7%£14.5 cm/sec, p<0.05), but A velocity was
not changed. A/E was not changed (Fig. 3). E area
increased significantly (6.05+1.32 vs 7.11%
1.60 cm, p<0.05) and A area (4.00£0.66 vs 4.42
+0.65 cm, NS) tended to increase but the changes
were not significant. E area/(E+A) area was not
changed significantly (Fig. 4).

DISCUSSION

Albunex was developed as a contrast agent with
molecules sufficiently small to pass through the pul-
monary capillaries>®. It has been used to improve
the delineation of a border'>!®, myocardial perfu-
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sion!+1?, better estimation of pressure®'?, and blood
flowmetry?2" and for evaluation of flow dynam-
ics?. The effects of various contrast agents, includ-
ing Albunex, on hemodynamics and left ventricular
contractility have been reported''*. In addition to
studies of the effects of Albunex injected peripher-
ally, the effects of intracoronary Albunex on left
ventricular hemodynamics and function have been
studied®”. Effécts of left ventricular pressure on
sonicated albumin microbubbles were also exam-
ined®. Pressure assessment non-invasively by Dop-
pler echocardiography is clinically useful and im-
portant, and Albunex may affect that assessment.
However, the effects of Albunex on flow velocity
itself in relation to hemodynamics used have not
been studied. Accordingly, we assessed its effects
on mitral inflow velocity in dogs in a normal state
and in dogs with increased diastolic pressure, as in
congestive heart failure.
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After dextran infusion
* p<0.05 vs CTR

SA 0.5

Fig. 2 Hemodynamic changes after infusion of
Albunex (0.5 ml/kg) at baseline (left) and after
infusion of dextran (100 m/) (right)

Black bar (CTR=control) shows the baseline
and shaded bar after dextran infusion. PMVO in-
creased significantly after infusion of Albunex
(0.5 ml/kg) both at baseline and after dextran in-
fusion. PMVO-Pumin increased significantly only
after dextran infusion.

Abbreviation as in Table 1.

Effects of Albunex infusion on left ventricular

inflow velocity in relation to hemodynamic

changes

Normal state

Infusion of Albunex (0.2 m/kg) did not alter any
hemodynamic parameters, but 0.5 ml//kg caused a
significant increase in PMVO. Albunex (0.5 ml/kg)
caused E velocity to increase significantly. Infusion
of Albunex tended to increase A velocity, but not to
a statistically significant extent. These data suggest
that the infusion of Albunex (0.5 m//kg) would af-
fect pressure evaluation by Doppler echocardio-
graphy and that infusion of Albunex (<0.2 mi/kg)
appeared not to affect pressure measurement in the
normal state.

Elevated left ventricular diastolic pressure

state

Hemodynamically, both PMVO and PMVO-Pui
were elevated by an infusion of Albunex 0.5 ml/kg,
but not 0.2 mi/kg. As a result, E velocity, E area,
and A area were also increased significantly by an
infusion of Albunex (0.5 ml/kg). Again these data
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suggest that infusion of Albunex (0.5 ml/kg) would
affect the evaluation of pressure by Doppler echo-
cardiography. Infusion of Albunex (0.2 ml//kg)
caused an increase in E velocity, although this dose
did not affect the left ventricular pressure signifi-
cantly. The reason may be that the left ventricular
inflow velocity is more sensitive to left ventricular
volume changes than the left ventricular pressure.

The effects of Albunex on pressure have been as-
cribed to the volume effects of albumin. Matsuda et
al.'V observed that infusion of Albunex via a pulmo-
nary vein did not raise the peak left ventricular pres-
sure more than did normal albumin, but an identical
infusion via a pulmonary artery did. Those authors
suggested that some other mechanism, such as re-
lease of a vasoconstrictor mediator, may be induced
by the passage of Albunex through the pulmonary
capillary beds.

In the normal state, the effect of Albunex on left
ventricular inflow was first evident in the time ve-
locity integrals (E area), however in the elevated left

CTR SA 05

Fig. 3 Changes in E velocity, A velocity, and A/E

Infusion of Albunex (0.5 ml/kg) caused E ve-
locity to increase significantly after dextran in-
fusion.

Abbreviation as in Table 1.

ventricular diastolic pressure state, that effect was
first evident in the peak filling velocity (E). This dif-
ference may be due to left ventricular diastolic stiff-
ness. In the normal state, with the left ventricle more
compliant, the volume effects of Albunex appeared
in time-velocity changes. However, in the elevated
left ventricular diastolic pressure state, with the left
ventricle stiffer, the volume effects of Albunex may
be evident in peak flow velocity changes.

Comparison of Albunex effects on hemody-

namics with other studies

Albunex has been shown to be essentially safe for
use in studies of left ventricular function'-?.
Matsuda et al.'V reported that Albunex (0.5 ml/kg)
caused elevation of left ventricular peak systolic
pressure and end-diastolic pressure. When given by
intracoronary injection, however, Albunex (1 ml/
kg) did not affect any pressure?”. In the present
study, left ventricular peak systolic pressure tended
to increase. Left ventricular end-diastolic pressure

J Cardiol 1997; 29: 283-291
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increased significantly [Albunex (0.5 ml//kg) in both
the normal state and after dextran infusion]. Our re-
sults almost conformed to those of Matsuda et al.

Clinical implications

A dosage of Albunex (0.2 m//kg) is often neces-
sary for contrast enhancement of the left ventricle.
An Albunex dosage of more than 0.2 m/kg is not
preferable clinically according to the manufac-
turer’s recommendation. As shown in this study, the
dosage of Albunex (0.2 ml/kg) generally does not
affect velocity measurement in patients with normal
hemodynamics. However, clinicians should be cau-
tious when using Doppler echocardiography to
evaluate the pressure gradient in patients with aortic
stenosis, specifically patients with elevated left ven-
tricular diastolic pressure using Albunex infusion
(0.2 ml/kg). Infusion of Albunex affects left ven-
tricular diastolic pressure to some degree, and
through the Frank-Sterling mechanism the left ven-
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After dextran infusion
* p<0.05 vs CTR

Fig. 4 Changes in time-velocity integrals of left ven-
tricular inflow

Infusion of Albunex (0.5 ml/kg) caused E area
to increase both at baseline and after dextran
infusion; A area increased only at baseline.
Abbreviation as in Table 1.

tricular systolic pressure may be elevated to some
extent. This effect may cause the pressure gradient
between the aortic pressure and left ventricular
pressure to increase at systole.

In evaluating the right ventricular pressure by
Doppler echocardiography, a low dose of Albunex
is usually used, so Albunex may not affect the flow
velocity and right ventricular pressure measure-
ment.

Limitations

Although the gain setting may affect the mea-
surement of velocity, we measured the modal veloc-
ity (darkest line method)?®, not the leading edge, so
we believe the effects of gain setting, if any, were
minimal. We also tried to keep the gain setting con-
stantly at the same level.

Our elevated left ventricular diastolic pressure
state does not duplicate real heart failure, so a true
heart failure model experiment would be preferable.
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We did not compare the effects of Albunex on the
hemodynamics to those of albumin solution. Thus
these results may not be a unique reaction of
Albunex on the hemodynamics. Matsuda et al.'V
compared the effects of Albunex and non-sonicated
albumin on hemodynamics, and found the effects of
Albunex on left ventricular peak pressure were
more evident than those of non-sonicated albumin.
To find the sole feature of the effects of Albunex on
hemodynamics and inflow velocity, further studies

might be necessary.
CONCLUSION

Clinicians should be cautious about using
Albunex at a dose greater than 0.2 ml/kg when
evaluating the pressure gradient of the left ventricle
in patients with elevated left ventricular diastolic
pressure. In patients with normal hemodynamics,
Albunex infusion at a dose less than 0.2 ml/kg ap-
peared not to affect the velocity measurement.
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