
Radioactive albumin macroaggregates (MAA)
have been used primarily to evaluate regional pul
monary arterial perfusion, but following peripheral

intra-arterial injection this method has also been used
to study regional blood flow in various compartments

of the systemic circulation including the brain and
the heart ( 1â€”5). The effects of injections of minute
amounts of particulate materials on the brain have
been carefully examined experimentally (6), but

the effects on the heart have not been well defined.
The purpose of this study was to determine whether
small amounts of radioactive particles, sufficient for

scintiscanning, could be injected directly into a
coronary artery without altering commonly measured
parameters of cardiac function.

MATERIALS AND METHODS

Twelve mongrel dogs weighing 15â€”40kg were
anesthetized with intravenous sodium pentobarbital,
30 mg/kg. After intubation ventilation was main
tamed by an intermittent positive pressure respirator.
The chest was opened in the left fifth intercostal
space, and the anterior descending branch of the
left coronary artery was dissected free over a dis
tance of 1 cm. A noncannulating, precalibrated flow
probe was placed on the vessel with flow measured
by a Biotronex BL-610 flowmeter. The zero refer
ence point was determined by mechanical occlusion
of the vessel distal to the probe. Mean flow measure
ments were calculated by measuring the area under
the flow curve.

Carotid artery or aortic arch pressure was deter
mined by a Statham P23Db transducer via a poly
ethylene tube. A Walton-Brodie strain-gage arch
sutured to a portion of the myocardium supplied by
the anterior descending artery measured contractile
force. A single lead electrocardiographic tracing was
recorded using either a lead II or usually an epicar
dial electrode. All measurements were recorded on a
Beckman 511 Dynograph recorder.

Coronary arterial injections were made through an
indwelling 30-gage needle connected to a syringe

by a short polyethylene tubing. The needle placed
distal to the flowmeter did not affect the flow. Unless
otherwise stated, injections of 0.5-cc volumes of test
materials were@ made over approximately 30 sec.
Three categories of test agents were used : simple
solutions, commercial and specially prepared MAA
suspensions, and suspensions of plastic microspheres.
Particle counts and sizing were performed on a stand
ard blood cell counting chamber (7).

Preliminary observations were made in five dogs
to develop the technique and determine types of
responses and approximate dose schedules. Con
trolled observations were made in seven additional
animals, and the results reported below are from
this second group. From two to four different parti
cle suspensions were evaluated in each animal in
addition to various nonparticulate solutions. The
order in which the various test agents were given was
randomized. From 12 to 23 (mean 17) injections

were administered to each animal with sufficient

intervals for measured values to return to baseline,
or to a steady state if baseline levels were not
reached.

Injection of solutions. Included in this category
are isotonic sodium chloride solutions (plain or con
taining heparin or 0.9 % benzyl alcohol), isotonic
phosphate buffer at pH 7.4, and the supernatant
fluids of several commercial â€˜31I-MAApreparations
(pH 5.0â€”5.5) and plastic microsphere suspensions.
The heparinized sodium chloride solution was com
mon to all experiments because it was used to main
tam catheter patency and to flush in all intracoronary
injections.
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to 4.5 mg albumin. In contrast to the 131I-macro

aggregates which contained no particles greater than
80 microns in maximum diameter, 4% of the par
tides were over 100 microns. These aggregates
tended to block the 30-gage needle and most injec
tions were made through a 27-gage needle.

Seven sequential observations were made in one
animal using technetium-albumin particles prepared
by a modification of the method described by Stern
(8) . No particles were greater than 50 microns
maximum diameter.

Microsphere injections. In an attempt to quanti
tatively block the coronary vascular bed, injections
of 15 Â±5 micron sized plastic microspheres@ were
made. The microspheres were suspended in a saline
solution containing small amounts of human serum
albumin and a wetting agent (tyloxopol) to reduce
aggregation and then subjected to ultrasound to as
sure dispersion. The final concentration was about
six million microspheres per cubic centimeter.

RESULTS

In general 0.5-cc volumes of the nonparticulate
solution can be injected slowly over 30-sec periods
or longer without affecting any of the functional
measurements. However, on occasion, each of these
alters function slightly and transiently possibly in
response to irregularities in the hand injections. The
most sensitive parameter is contractile force which
usually decreases slightly. Ordinarily flow is un
altered or increases slightly (Fig. 2 ) . The arterial
pressure never varies but occasional premature yen
tricular contractions are seen on the ECG. Changes
in pH in the relatively narrow range studied (5.0â€”
7.4) are without effect.

3M-Minnesota Mining and
density carbonized microspheres.
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FIG. 2. Arterial pressure(AP), coronary flow (CF),and myo
cardial contractility (MC) measurements made during injections of
normal saline and isotonic phosphate buffer. Slight flow increase
is noted during saline injection, but none is seen with buffer. Usu
ally these solutes can be injected slowly with no functional impair
ment. Vertical arrows indicate beginning and ending of each
injection.
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FIG. 1. Relativesizedistributionof twostandardâ€œ'l-MAA
preparations used in this study. Within limits of counting and
sizing techniques available, correlation is considered to be very
good.

Contrast material. A 76% solution of meglumine
diatrizoate* was the only angiographic agent evalu
ated. It was injected into five animals.

Standardized 1311-MAA preparations. All observa
tions were made in a 14-day period using only two
closely matched batches of 1311-MAAobtained from
a single commercial sourcet. This particular source
was chosen because of the high specific activity of
the particles and the consistency of size available at
the time. The relative particle size distribution of
these two samples is seen in Fig. 1. The total par
tides per mg of albumin are 10.30 and 9.25 million,
respectively. Two basic dose schedules were chosen.

The first (Group I) contained approximately 0.3 mg
albumin which provided an amount of radioactivity
equivalent to an average human lung scan dose of
131IMAA (250-300 @@Ci).The second (Group II)
containing one-tenth the first would provide suffi
cient activity in the heart for external scintiscanning.
A smaller group (Group III) included injections
containing intermediate doses or doses administered
over a longer time interval. An overall total of 26
injections was made in seven animals.

Other commercial 1311-MAA preparations. Sev
eral batches of MAA from two other commercial
sources were also evaluated. These were of lower
specific activity and had slightly higher percentages
of larger particles than did the control particles.
Doses ranged from 0.025 to 0.5 mg albumin. Twenty
four observations were made in seven animals.

Special preparations. Limited investigations with
two specially produced o9mTc@albuminsuspensions
were made. Three animals received a technetium
sulfide-albumin material in doses ranging from 0.05

* RENOgraphin-76, E. R. Squibb and Sons, Inc.
t Albumatope-LS, E. R. Squibb and Sons, Inc., Batch

numbers 548-GX3 and 548-HAl.



Dog DoseCoronaryMyocardialArterial(mg)flowcontractilitypressure
EKG Comments

TABLE1 RESULTSOF STANDARDIZEDMAA INJECTIONS
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0 = No Change, t = Increase, ,â€˜,= Decrease, S Slight (Change too small for accurate quantitation), ? Questionable.

The administration of radiographic contrast ma
terial characteristically produces an initial slight flow
decrease followed by a mild hyperemia which de
velops before the injection is completed. Contractile
force usually falls slightly. Rapid recovery ensues.

With injections of the standardized particle sus
pensions, functional alterations bear a direct rela
tion to the quantity of material injected (Table 1).
With the high particle concentrations in Group I
(nine observations in five animals), flow and con
tractile force are usually reduced. Diminished flow
becomes apparent within 5â€”15sec after the onset of
the injection and is frequently followed by a mild
hyperemia. Recovery usually occurs within 2 mm.
The maximum observed decrease in flow is approxi
mately 30% and lasts less than 20 sec. Decreased
contractile force begins after the reduction in flow
and also recovers rapidly. Arterial pressure is not

affected. No alterations in the heart rate, ORS, or
ST-T segments are detected although rare premature
beats occur (Fig. 3).

With low particle concentrations in Group II ( 11
observations in six animals) , nine injections produce
no quantifiable change in any measurement (Fig. 4).
In the remaining two, one shows a barely percepti
ble flow increase on a repeat injection and the other
has only a questionable decrease in flow. A single
premature beat is seen.

In the intermediate Group III (six observations
in four animals) , no changes are noted in one, minor
contractility changes in three (0.06â€”0.18 mg al
bumin) and in the remaining one only a small con
tractile force decrement is seen as 0.30 mg was
injected in a 1-cc volume over a 3-mm period.

Based on the relative weight of the injected al
bumin, variations in functional responses with other
commercial MAA products parallel those observed
with the standardized MAA. Again no arterial pres

sure or electrocardiographic changes occurred except
for occasional premature beats. Centrifugation and
suspension of 131I-MAA in saline or buffer did not
detectably alter the particle size or the effect on
functional measurements (Fig. 5).

Technetium sulfide-albumin particle injections re
sulted in marked flow decreases (23 % or more) and
greatly reduced contractile force. In one animal in
which the coronary flow transiently approached zero,
there was a slight blood pressure fall. However, the
electrocardiogram did not change. A scan made after
administration of this material is seen in Fig. 6.

Although only one preparation of technetium
albumin MAA was evaluated, this material on a
weight basis had the least effect on flow and con
tractile force of any of the materials studied. Two
injections of 0. 1 mg resulted in no change in any of
the measurements. Two injections at 0.5 mg pro

726 JOURNAL OF NUCLEAR MEDICINE
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FIG.3. Slowinjectionof 0.3mgof
standardized MAA produces minor tran
sient decreases in coronary flow and con
tractility. Single premature myocardial
contraction is not attributed to MAA as
premature contractions were rare during
actual injection and were observed with
equal frequency during control periods.
Arterial pressure (AP) is given in mmHg
and coronary flow (CF) as a percent of
baseline values.

FIG.4. Repeatinjections(verticalar
rows) of 0.03 mg standard MAA produce
no distinct alterations in any of measured
parameters. Minor flow irregularities were
seen throughout control and injection
periods.

FIG.5. Rapidandslowtracingsob
tamed during administration of 0.5 mg
of nonstandardized commercial MAA prep
oration. Material had been resuspended
in normal saline without altering size dis
tribution. Only coronary flow and myocar
dial contractility are altered. Abnormal
ST-T segment, present on opening chest,
did not show further change.
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duced a mild hyperemia and a slight decrease in
contractile force. These changes were analogous to
those found with an 0.5-cc dose of meglumine dia

trizoate. After stability was obtained, a third injec
tion at this level was without effect. A slow 3-mm
injection of 1.0-mg albumin was also without effect,
but administration of this dose in a 30-sec period
caused a 9 % flow increase and minimal fall in con
tractile force.

Studies using plastic microspheres were only par
tially successful in two of three animals. The micro
spheres settled rapidly (density 1.3â€”1.6) in the
syringe during the injection, and invariably plugged
the lumen even when a 27-gage needle was em
ployed. As a result quantitative blockade was not
obtained. However, definite vascular obstruction was
achieved and the sequence of changes in the various
measurement parameters could be clearly discerned.

Within seconds of the onset of injection, coronary
artery flow approached zero. In one animal, con

tractile force fell transiently, then increased above
baseline values; in the other only an increase was
observed. A tendency towards restoration of flow
was apparent before completion of the 30-sec injec
tion in both animals. The arterial pressure also
decreased slightly, then rose to above baseline levels.
In the first animal, no electrocardiographic changes
developed and all measurements returned to approxi
mate basal values in 5 mm. In the second animal,
good flow had been reestablished by 2 mm, but the
ST segment had flattened slightly. By 4 mm, the heart
rate had increased, the height of the R wave de

creased, and the ST segment showed further altera

tion. A repeat injection of this point reduced the flow
permanently and resulted in progressive electrocar
diographic abnormalities (Figs. 7A and B) with
eventual death of the animal. A histologic section of
this myocardium containing microspheres is seen

in Fig.8.

The clearance T,1, for control-type 1311-MAAwas

Volume 12, Number 11 727



POE

nary arterial vascular bed does not have the reserve

of the pulmonary arterial system, which makes the
intracoronary injection of particulate substances po

tentially more hazardous. In spite of the relatively
large number of published reports using various
particles for flow distribution measurements, there is
litfie information concerning the myocardial func
tional and coronary hemodynamic changes that occur
with tracer injections (12).

The data presented above indicate that certain
solutions in the physiologic range of pH and tonicity
can be injected directly into the dog coronary artery
with negligible effects on the coronary flow, myo
cardial contractility, arterial pressure or electrocar

diogram if volumes are small and injection rates
are slow. The addition of minute amounts of albumin
macroaggregates also may be without detectable
effect, but as the amount injected increases, definite
alterations occur, usually, but not invariably, in a

predictable sequence. With small doses there is a
transient decrease in flow which often becomes evi
dent within the first few seconds. This is followed
immediately by a hyperemic phase. Next, myocardial
contractility decreases or sometimes increases. These
measurements return to baseline values in 2â€”4mm.
The arterial pressure and ECG remain stable. Rare
premature ventricular contractions are observed but
are not clearly related to administration of the test
material.

When doses are increased to amounts sufficient to
reduce mean flow to zero, the decrease in contractile
force is more marked, and blood pressure changes
become evident. Hypotension is not observed if im
proved flow develops in 1â€”2 mm. Electrocardio

graphic and heart rate changes occur late if at all.
They consist of slightly increased rate and minor
ST-T changes and are seen only following flow re
duction to very low values. With prolonged flow
reduction an infarct pattern develops. Myocardial
irritability is not in evidence.

The functional and flow alterations following par
ticulate injections appear to be directly related to

blockade by the particles and not to chemical stimuli
from the suspending solution. The changes, includ

ing the sequential development and recovery changes,
parallel those described in temporary or complete
coronary arterial occlusion from direct arterial con
striction (14â€”16). Although the total mass of a!
bumin injected has a direct bearing on functional
alterations, particle size appears to be more critical.
Particles under 10 microns contain relatively little
radioactivity and are probably transiently, if at all,
retained in the coronary capillary bed. As the per
centage of particles greater than 50 microns in
creases, with total weight kept approximately equal,

.

Fl0. 6. Anteriorcanineheartscanwith diagrammaticoverlay
showing regional coronary flow distribution with Â°Â°mTc-MAAinjec.
tion into anterior descending coronary artery.

determined by external counting in three open-chest
dogs. The range was between 1 1.05 and 16.8 hr.

This range is about twice as long as that determined
for the lung clearance of the same particles. Using
9omTc@MAAprepared by the method used for par
tide production in this study, Taplin found a T112
between 2.25 and 5.22 hr in three dogs*. Both par
tide size and resistance to breakdown can be altered
during manufacture by variations in temperature,
pH, and agitation.

DISCUSSION

A variety of radioisotopic approaches have been
used to estimate regional myocardial blood flow.
These include the use of ions that accumulate in the
myocardium (9), clearance rates of agents injected

into the myocardium (10), and distribution deter
minations of radioisotopes directly injected into the
coronary vessels (1 1) . The use of particulate injec
tions is not new, and a number of substances and
labels have been tried ( 12) . However, these were
nonmetabolizable substances such as glass beads and
plastic microspheres which are permanently retained
in the vasculature and therefore are not suitable for
clincal or sequential investigations. The development
of radioalbumin macroaggregates which break down
in a period of hours circumvents this problem (13).
Initially described for lung scanning, the potential
application for regional coronary arterial flow stud
ies was demonstrated experimentally by Ueda et al
(4) and Quinn et al (5). Unfortunately, the coro

C Personal communication.
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FIG.7. Rapidandslowtracingsduringrepeatinjectionsof
large doses of plastic microspheres, 15 Â± 5 micron diam. In A
abrupt drop in coronary flow initially is unaccompanied by changes
in other measurements. As flow starts to recover, contractile force
begins to increase. By 1 mm (B) flow has made substantial recov

effects on flow are enhanced. Even relatively few
particles over 100 microns can produce ischemic
reactions. Similar observations have been made for
the pulmonary arterial vascular bed (7) . If albumin
with high enough specific activity of the desired
isotope is obtained, the optimum particle size having
the least hemodynamic effect is probably in the
12â€”15 micron range. These would least interfere
with arteriolar flow but would not pass through the
capillary network. Reasonably narrow size ranges
of MAA can be produced with careful control of
heat, pH, and agitation and should be satisfactory
for clinical studies. More precise and standardized

1-â€”.r-â€”â€”â€”iâ€”.â€˜â€”â€¢@â€”.4
@@i-1L4@L@d\k

cry, but slight ST-T changes are evident. By 4 mm, there is mild
hyperemia. Systolic pressure has risen and pulse pressure nar
rowed. There has been considerable loss of R wave. Repeat injec
tion produced sustained reduction in coronary flow and progressive
ECG changes consistent with infarction.

sizing can be achieved with albumin microspheres.
A method for production of albumin microspheres
has recently been described (1 7) . The spherical na

ture of these particles may be of some disadvantage

due to the propensity for total plugging of the vessel
in which they lodge and probably resultant slower
clearance, but more predictable and quantitative
blockade and increased reproducibility are definite
assets, particularly in experimental studies.

In contrast to the characteristic responses observed
with large injections of MAA, the effect of sequential
injections of minute amounts were neither totally
predictable nor reproducible. If an initial injection

+..1
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too, should encourage random particle dispersion.
. - . Accentuated pulsatile flow is less pronounced in

â€˜,. closed-chest preparations and in some of the smaller

- , arteries, e.g., the right coronary, and other means

k . mayberequiredtoassurerandomparticledispersion
under these conditions (19).

. b... A theoretical advantage in estimating regional flow

.â€˜ - . . with slowly injected particles is the possibility of

. . . . immediately stopping the injection at the first sign of

@ . ,. altered function. Unfortunately, the most sensitive

parameters for this are coronary flow and myocardial
contractility, neither of which is readily measurable
in the intact animal. Arterial pressure and electro

cardiographic abnormalities, easily monitored ex
ternally, develop well after large decreases in flow
and possibly only after excessive vascular obstruc
tion is achieved. This is a definite limitation to the
clinical use of this approach, especially if particles
with relatively low specific activity are used or when
the coronary circulation is already compromised.
The effects of particle injection in the presence of
coronary or myocardial disease were not explored in
this study. However, preliminary clinical observa
tions by Endo et a! using 1311-MAA have shown
myocardial scanning in humans to be a feasible,
useful, and apparently reasonably safe technique even
in patients with coronary artery disease (20) . Ash
burn et al report similar promising results in 23
patients using OOmTcMAA (21).

In conclusion, the use of minute amounts of radio
actively labeled albumin particles is a satisfactory
method for the experimental study of regional coro

nary arterial blood flow. The principles behind
regional flow measurements with retained particles
are well established. Sufficient material can be in
jected for external scintiscanning without altering
measurements of regional myocardial function. Fi
nally, preliminary observations in humans suggest
that this technique has clinical application even in
patients with coronary artery disease.

SUMMARY

The effects of intracoronary arterial injections of
radioalbumin macroaggregates on coronary hemo
dynamics and myocardial function were studied in
normal, anesthetized dogs to evaluate the possible
use of this technique for determination of regional
myocardial blood flow. Slow injections of macro
aggregates containing less than 0.05 mg albumin
with no particles greater than 60â€”70microns in maxi
mum diameter can usually be given directly into the
left anterior descending coronary artery with no sig
nificant changes in coronary flow, myocardial con
tractile force, arterial pressure, or the electrocardio
gram. As the mass of albumin and/or particle size
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FIG.8. Low-power(X 100)photomicrographof sectionsof
myocardium obtained from animal in Fig. 7. Note pile-up of
15 Â± 5 micron microspheres in many of vessels.

was without effect, the probability was that at least
two additional injections could be given in rapid
sequence without reaction. Likewise, slower injec
tions of larger amounts of particles were also pos
sible without producing changes. However, if an ini
tial injection did result in altered flow, a subsequent
injection might be given without further untoward
response provided that flow and contractility returned
to baseline before additional particles were added.
Unless stability had been restored, the response
often appeared additive. In situations where no
change is detected, one must assume that local adjust
ments, whether through increased local flow or
anastamoses, are taking place with sufficient speed
to prevent fluctuations in the less sensitive measure
ments of regional function.

The theory and principles behind using highly ex
tracted particulate substances for measuring regional
flow have recently been reviewed (18). As with all
indicator-dilution techniques, the reliability of the
method depends on the assumption that the indicator
completely mixes with the blood. This is no problem
when a capillary bed or large mixing chamber such
as the left atrium intervenes between injection and
sampling sites, but laminar flow is encountered in
the large arteries and may result in uneven particle
distribution after direct injection. Although no spe
cific attempts were made in this study to ensure
adequate mixing, two factors were present which
would favor it. First, injections were made slowly
over 50â€”i50 heart beats. The contractions of the
heart kept the injection needle in almost continuous
motion which should tend to overcome the effects of
streaming. Second, flow in the anterior descending
coronary artery usually decreases nearly to zero, or
even is transiently negative, during systole, and this
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is progressively increased, a sequence of functional

changes evolves. Coronary flow is reduced, followed

immediately by transient hyperemia. Contractile force
falls. Only after marked flow and contractile changes
have been produced do abnormalities in arterial pres
sure and the ECG develop. The course of events is

similar to that resulting from progressive coronary

arterial occlusion. It is concluded that carefully pre

pared radioactive particles, in amounts sufficient for
external scintillation scanning, can be injected into
the coronary arteries without detectable alterations
in function, and that the technique is suitable for
acute and chronic determinations of regional myo

cardial perfusion both experimentally and clinically.
The functional effects in the presence of coronary
or myocardial disease are yet to be determined.
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