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Absolute quantification of regional myocardial tissue blood flow (RMBF)
based on contrast echocardiography has not yet been achieved. The aim of
this study was to validate of our recently proposed algorithm for the quan
tification of RMBF and examine its reproducibility. This approach evaluates
RMBF as the intravascular volume fraction (ratio of the areas under myocar
dial time intensity curve and a curve obtained from a reference region of
interestl divided by mean transit time (obtained using deconvolution of im
pulse response). Experiments were carried out using an isolated rabbit heart
model (N = 8), wherein coronary blood flow was controlled by varying per
fusion pressure. Factors confounding in-vivo experimentation, such as car
diac translation and limited image quality, were eliminated in this setup. Aor
tic root injections of FS069, a new stable contrast solution (MBI, 1:200 in
saline, filtered using a 8 /lom-pore filter) and colored microspheres, used as
the "gold" standard for reference, were performed at different levels of coro
nary flow. During contrast injections, end-diastolic images of the heart and
an extracardiac reference chamber were acquired using a 7.5 MHz trans
ducer and digitized on-line and processed using the above algorithm. Con
trast echocardiographic measurements of RMBF highly correlated with mi
crosphere flow (figure). Bland-Altman analysis revealed an insignificant bias
of 0,07 mllmin/gr, with 95% limits of agreement at 0.69 mllmin/g. Using this
algorithm, repeated evaluations of RMBF were highly reproducible (r = 0.92).
In summary, the use of this new algorithm in conjunction with stable con
trast agents, such as FS069, allows accurate and reproducible quantification
ofRMBF.
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Can Regional Myocardial Tissue Blood Flow be
Measured in Terms of ml/min/g Using Contrast
Echocardiography?

renal artery flow and peak renal cortex videointensity follOWing IV PESDA (r
= 0,65, P < 0.001), Color Doppler signals were also enhanced following IV
PESDA, and resulted in excellent visualization of the main renal artery as well
as segmental and lobar arteries. When renal artery stenosis was induced to
decrease RABF to less than 10% of baseline, the segmental and lobar ar
teries were not visualized with color Doppler following IV PESDA, and peak
renal cortex videointensity was reduced from 26 ± 10 to 15 ± 8 units (p <
0,05). These data demonstrate that renal artery and cortical blood flow abnor
malities can be detected using intravenous PESDA. This ultrasound contrast
agent could be a new non-invasive method to detect renal artery stenosis or
abnormal renal perfusion.
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dissipation. The former is deleted from the simplified Bernoulli equation, but
more importantly, the latter is not characterized by any form of the Bernoulli
equation. A Reynolds number based approach characterizes the relative im
portance of these effects and could lead to reconciliation of Doppler and
catheter gradients in the clinical setting.

Quantitative Assessment of Perfusion

David E. Solowiejczyk. Izumi Yamada. Edward G. Cape. Robert A. Manduley,
Lilliam M. Valdes-Cruz, Michael Jones. Columbia University, Nt; NY; IAMS-NHLB'
Bethesda, Md

Continuous wave Doppler (CW) is routinely used clinically to measure pres
sure gradients across bileaflet mechanical mitral valves; however discrepan
cies with catheter (CATH) gradients have been recognized. Recently it has
been hypothesized that inertial and viscous forces, which are partially af
fected by valve size and orifice geometry. may control pressure recovery and
thus playa role in these discrepancies. Therefore, in this study we examined
the accuracy of CW derived pressure gradients us a function of valve size
and orifice position in an attempt to determine the clinical utility of this tech
nique. In 10 sheep with chronically implanted (anatomic orientation) St. Jude
mitral valves (23, 25, 27 mm). 76 hemodynamic states (3 to 14 per sheep)
were studied using Millar'!' catheters in the LA and LV. Peak gradient (PG)
range = 2.0---23.0 mmHg; mean gradient (MG) range = 1.9-18.7 mmHg. Si
multaneously, a Vingmed 775 with a port for transfer of digital data was used
to obtain CW velocities across the three valve orifices: centraIIC), LV sep
tal (S). and LV free waIlIFW). Regression analysis for the 25 mm valve, for
which the largest number of studies was available (n = 40), showed CW PG
and MG correlated with CATH (PG: y = 1.28x - 0.16, r = 0.89, SEE = 2.9;
MG: y = 1.05x + 0.03, r = 0.88, SEE = 2.1) but with consistent overestima
tion. In addition, considerable CW scatter was seen in the moderate range of
CATH gradients. Analysis of the 25 mm valve orifices revealed the following
% overestimation:

In Vivo Comparison of Simultaneous Doppler and
Hemodynamic Transvalvular Pressure Gradients
Across Bileaflet Mechanical Valves in the Mitral
Position

The 23 mm (n = 21) valves demonstrated significantly greater overesti
mation than either the 25 or 27 mm (n = 15) valves for both PG (p < 0.02)
and MG (p < 0.05). Conclusions: There is good correlation of CW derived
and CATH measured pressure gradients across bileaflet mechanical mitral
valves. For a given CATH gradient, the CW derived pressure gradients vary
for different valve sizes and their individual orifices. CW overestimated CATH
gradients particularly in the smallest valve tested. For all valve sizes and indi
vidual orifice CW scatter was noted particularly in the mid range of gradients
tested. Therefore, simplified Bernoulli calculations using CW velocities from
any specific valve/orifice, although useful, are limited as accurate clinical pre
dictors of CATH gradients.
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1971-541 A Non-invasive Method of Visually Assessing
Renal Perfusion Using a Newly Developed
Intravenous Ultrasound Contrast

Myocardial Contrast Echocardiography can be
Used to Assess Dynamic Changes in
Microvascular Function In-Vivo

Suad Ismail, William Spotnitz, Ananda Jayaweera, Norman Goodman,
Danny Skyba, SanJiv Kaul. University of Virginia, Charlottesville, VA

Present methods of quantifying renal artery blood flow (RABFI in renovas
cular disease require either radionuclide techniques or invasive delivery
of radiographic or ultrasound contrast. Perfluoropropane is a gas routinely
used for intraocular injections which, when sonicated with dextrose albumin
(PESDA). produces microbubbles with prolonged survival in blood. We hy
pothesized, therefore, that this prolonged ultrasound contrast effect could
be utilized to non-invasively evaluate RABF and perfusion, Accordingly, we
gave intravenous injections (IVI) of PESDA (0.06 cc/kg) to seven dogs while
imaging with an external 4.5 MHz linear array transducer RABF was moni
tored using a Transonic Doppler probe placed around the renal artery. Con
trast two-dimensional enhancement was quantified off-line. Both echo and
color Doppler enhancement were also qualitatively graded as 0 = no en
hancement, 1+ = mild, 2+ = marked enhancement.

Following all 36 (100%) IVI of PESDA, there was 2+ contrast ultrasound en
hancement of the renal cortex. A linear correlation existed between Doppler

The transit rate of sonicated albumin microbubbles (Albunex®, mean size ~

4.3 /lo) has been shown to correlate with that of radiolabelled red blood cells in
the blood perfused beating heart. We have previously demonstrated that the
transit rate of these microbubbles is decreased during hyperthermia-induced
microvascular injury In this study, we hypothesized that microbubble transit
rate could be used as a marker of reversible endothelial injury during my
ocardial contrast echocardiography (MCE).

We produced endothelial injury by inducing different degrees of myocar
dial hypoxia. This was accomplished by perfusing an arrested heart with
either arterial blood, venous blood, or blood diluted to different degrees
with a crystalloid cardioplegia solution. The flow rate into the cross-clamped
aorta was held constant in each dog (mean = 170 mil, as was the per
fusate temperature (mean = 2JOC). Perfusate hematocrit varied from 0---27%,
while perfusate p02 ranged from 15--600 mmHg. MCE was performed by
injecting 2 ml of a 1: 1 dilution of Albunex® into the perfusate line and im-
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ages were acquired at a sampling rate of 30 Hz. The mean transit rate of
Albunex® through the myocardium was derived by fitting a y-variate function
to the background-subtracted time-intensity plots. The mean transit rate of
Albunex® decreased as the hematocrit decreased. On multivariate analysis,
the hematocrit and the p02 were the best correlates of mean microbubble
transit rate (y : 0.06 hematocrit - 0.002 p02 + 0.72, r: 0.72, p < 0.001).

We conclude that MCE, can be used to assess reversible microvascular in
jury. This technique, therefore, has great potential for understanding dynamic
changes in microvascular function in-vivo, particularly those modulated by
the endothelium.

occ. The slight increase noted in normalized epicardial flow during these 3
stages in the controls (0.31 ± 0.11 to 0.33 ± 0.010 to 0.38 ± 13, P < 0.01)
was significantly less than in PC dogs, and was not detected with MCE.

In conclusion, in this canine model, collateral flow to an occluded vascu
lar bed is enhanced by prior brief ischemia/reperfusion in a distantly located
coronary bed. Furthermore, the resulting decrease in RA size appears on
going during the sustained occ. "Remote" PC may facilitate the recruitment
of preformed collaterals situated between the 2 beds, and this phenomenon
may help explain the reductions in infarct size associated with this PC model.

IVS: interventricular septum; Ant = anterior wall; Lat = lateral wall

The Effect of the Virtual Dynamic Range on
Measured Microbubble Transit Rate: An
Experimental Evaluation

Is the Temperature of Echocardiographic
Contrast Media Important?

Victor Mor-Avi, Kimberly A. Robinson, Sanjeev G. Shroff, Roberto M. Lang. The
University of Chicago, Chicago, IL
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The virtual dynamic range (VDR) of an echo (2DE) system vis-a-vis the re
lationship between microbubble concentration and videointensity is set at
the upper level by the microbubble concentration at which the system sat
urates and at the lower level by the concentration at which microbubbles
are detected. To test the hypothesis that the VDR of a system influences
the microbubble transit rate, we performed experiments using three 2DE
systems: Biosound-ND256 (BS). General Electric RT5000 (GE), and Hewlett
Packard Sonos 1500 (HP). For the in-vitro experiment, we imaged a segment
of a vein which was immersed in a saline bath. Flowthrough this system was
set to 8 different levels using a roller pump. At each flow, Albunex® (Molecu
lar Biosystems) was injected into the tubing over 0.1 sec and images of the
vein were acquired using all three 2DE systems. Radiolabeled red blood cells
(RBCs) were also injected at each stage and their time-activity curve through
the vein was recorded using a miniature Csl2 probe. For the in-vivo experi
ment. we imaged the LAD bed of a dog in whom the LAD was perfused with
blood from the carotid artery and flow to the LAD was set to 6 different lev
els with a roller pump. At each flow, 0.5-1 ml Albunex® was injected into the
LAD and 2DE images were obtained using all three 2DE systems. In addi
tion, RBC transit rate was also obtained at each flow rate. Myocardial transit
rates were derived after background-subtraction. The relation between RBC
and microbubble transit rate in-vitro was excellent (r > 0.95) for all three 2DE
systems. While the regression lines for the BS and GE systems were close to
the line of identity, there was a systematic overestimation of transit rate us
ing the HP system by two-fold. The relation between RBC and microbubble
transit rate was also very good in-vivo (r > 0.90). However, the only system
that did not overestimate myocardial transit rate was the BS; the HP system
demonstrated the greatest overestimation.

In the in-vitro experiment, where background is minimal, only the HP sys
tem overestimated microbubble transit rate because of its narrow VDR. In
the in-vivo experiment, where myocardial background is considerable and
thus the VDR is further reduced, both HP and GE systems overestimated
microbubble transit rate. The microbubble transit rate remained unaffected
only for the BS system. Thus, the VDR of 2DE systems greatly influence the
measured transit rate of microbubbles through the myocardium.
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Perfusion Maps in Humans by Myocardial
Contrast Echo Cardiography
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Does Regional Ischemic Preconditioning Affect
Collateral Blood Flow to Remote Myocardium
During Subsequent Occlusion?: Insights Using
Myocardial Contrast Echocardiography

Prudencio C. Lucero, Martin C. Fallon, Flordeliza S. Villanueva. University of
Pittsburgh, Pittsburgh, PA

Folkert J. TenCate, Aric A. Aiazian, Jaap Hamburger, Dilla Ataoullakhanova,
Alessandro Salustri. Thoraxcenter. Erasmus University and University Hospital
Rotterdam, The Netherlands

The 3D myocardial perfusion maps show significant individual variation for
the degree and extent of perfusion as shown in the figure.

Conclusion: This new method represents a major comtribution to the spa
tial assessment of myocardial perfusion.

A three-dimensional (3D) evaluation of the extent and degree of myocardial
perfusion is of great clinical importance.

Aim of the study: To reconstruct a 3D myocardial perfusion map by my
ocardial contrast echo cardiography (MCE).

Methods: Thirteen patients (pts) (7 males, 6 females) with stable angina
pectoris and single total occlusion of one major epicardial vessel and inter
coronary collaterals (Rentrop3) were studied.

Sonicated iopamidol was injected into the right (RCA) and left coronary
artery. Two-dimensional echo images were acquired in three standard apical
views. From these views a 3D myocardial perfusion map was reconstructed.
This permitted the assessment of contrast enhancement (C) in sixteen re
gional segments.

Results (standard representative example):
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Although it has recently been shown that brief periods of ischemia in one
vascular bed protect distant myocardium from subsequent sustained coro
nary occlusion (occ). its mechanisms are unclear. We hypothesized that "pre
conditioning" (PC) with repetitive transient ischemia in one coronary bed in
duces an acute increase in collateral blood flow to a distant bed undergoing
subsequent prolonged ischemia, which manifests as a reduction in risk area
(RA) size. Accordingly, 11 open-chested dogs were studied: 6 had PC with
4 episodes of 5 min left circumflex (LCX) branch occ plus 5 min reflow, fol
lowed by 1 hr left anterior descending artery (LAD) occ, while 5 received
1 hr LAD occ only. In-vivo LAD RA was serially depicted using myocardial
contrast echocardiography (MCE). Regional flow was measured using radio
labeled microspheres. During the 1 hr LAD occ, MCE and microsphere mea
surements were made at 10 and 50 min into occ. To assess the original LAD
RA size prior to PC, MCE and microsphere measurements were made during
an initial 90 sec LAD occ before intermittent LCX occ. RA was planimetered
from the MCE images and expressed as percent of the short-axis.

In the PC dogs, the original LAD RA prior to PC was 30 ± 8%, and de
creased after intermittent LCX occ to 23 ± 10% at 10 min, and 15 ± 11 % at
50 min, into the 1 hr LAD occ (p < 0.03), due to new contrast enhancement
at the lateral and epicardial borders of the RA. This net 52% reduction par
alleled progressive increases in normalized epicardial flow to the LAD bed
at these 3 stages (0.45 ± 0.17 to 0.58 ± 0.14 to 0.66 ± 0.18, P < 0.001). In
comparison, in control dogs, there was no significant change from the origi
nal LAD RA (36 ± 7%) to that at 10 (38 ± 3%) nOr 50 (36 ± 3%) min into LAD

The effects of temperature on the stability and the reflective properties
of echocardiographic contrast media have not been studied. Accordingly,
we evaluated the effects of temperature on Albunex® microspheres using
an in vitro experimental setup. Contrast solution (5% human albumin and
Albunex®, 400:1) was introduced into a 3.5 ml latex balloon and placed
in a plastic water tank. Imaging was performed using an HP SONOS-1500
echocardiographic system with a 7.5 MHz transducer. The contrast solution
was subjected to different levels of continuous ultrasonic irradiation (0, 15,
20,25,30 and 35 dB) at three different temperatures (8'C, 22'C and 37'C). At
each power level, the irradiation was briefly interrupted every 30 sec, and
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