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Objective - To test the feasibility, safety and accuracy
of the adenosine protocol in the study of myocardial
perfusion with microbubbles contrast echocardiography.

Methods - 81 pts (64 male, 60+ 11 years) were submit-
ted to contrast echocardiography with PESDA (sonicated
solution of albumin 20%-1ml, dextrose 5%-12ml and deca-

Sfluorobutane gas-8ml) to study the myocardial perfusion at

rest and after bolus injection of adenosine (6 to 18mg) and
to coronary angiography within 1 month each other. For
each patient 3 left ventricle perfusion beds were considered
(total of 243 territories). 208 territories were analyzed and
35 territories were excluded. PESDA was continuously
infused (1-2ml/min), titrated for best myocardial contrast.
Triggered (1:1) second harmonic imaging was used.

Results - Coronary angiography showed 70 flow limi-
ting (> 75%) lesions and 138 no flow limiting lesions. At rest
an obvious myocardium contrast enhancement was seen in at
least 1 segment of a territory in all patients. After adenosine
injection an unquestionable further increase in myocardial
contrast was observed in 136 territories (99%) related to no

Sflow limiting lesions, lasting < 10's, and a myocardial perfu-

sion defectwas detected in 68 territories (97 %) related to flow
limiting lesions. It was observed only 4 false results. There we-
re no serious complications.

Conclusion - Myocardial perfusion study with PES-
DA and adenosine protocol is a practical, safe and accura-
te method to analyze the coronary flow reserve.
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Myocardial echocardiographic identification of
contrast injected in peripheral veinsisareality 4. Micro-
bubbl es obtained with sonication of fluorocarbon gases
(PESDA) 57 and other echo contrast agents®*2 havealready
been used. In coronary artery diseasewith significant obs-
tructions, defectsinmyocardia perfusion (usually demons-
tratedinthewallswithareductionin perfusion®, mainly af-
ter pharmacol ogical stresswith dipyridamole!* or dobuta-
mine®®) may beuseful inidentifyingmyocardid ischemia’®,
myocardial risk area®, andindetermininginfarct size®.

Thesignificant reductionin coronary flow reservere-
sulting from asignificant coronary obstruction (>75%) is
themajor marker of myocardia ischemiawith physiologica
significance, because in regions perfused by arteriesfree
from obstruction, thisflow may increase up to 3timesits
resting val ue, Examinationsusing pharmacological stress
with dipyridamol e or dobutaminemay show thedecreasein
coronary flow reserve, but with mechanismsof action pri-
marily related to other reasons®®. For both drugs, the appea-
ranceof myocardial ischemiaisthefinal effect necessary to
show theperfusion defect. Thesedrugs, whenusedin myo-
cardial perfusion study protocolswithintravenousinfusion
of microbubblesin humans, do not detect theincreasein
coronary flowinnormally perfusedwalls.

We assessed the hypothesis that intravenous adeno-
sinebolusinjection during echocardiography with PESDA
microbubblesmay not only show the perfusion defect inthe
hypoperfused coronary bed, but al soidentify theincreasein
perfusioninthenormal region, duetoitspromptnessinre-
ducing coronary resistance. Weal so established and tested
aprotocol for detecting coronary artery diseasein humans
using echocardiography with PESDA microbubblesat rest
and after stresswith adenosine.

Methods

Weselected 81 patients(mean age=60.3+11, ranging
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from 30to 83 years, 64 malesand 17 femal es) out of 532 pa-
tients undergoing echocardiography with PESDA micro-
bubblesat theHospital Pré-Cardiacoand at the ECOR (Cen-
trodeDiagndstico Cardiovascular - RiodeJaneiro). Thisse-
lection aimed to investigate symptoms suggestive of coro-
nary artery diseasein patientswho underwent coronary an-
giography within amonth after myocardial contrast echo-
cardiography (tab. I). No patient had aortic stenosisor hy-
pertrophic cardiomyopathy. Fourteen patientshad ahistory
of systemic arterial hypertension and 4 had diabetesmelli-
tus. Thirty-one (38.3%) patients showed some evidence of
previousacutemyocardia infarction based ontheir clinical
history, on the presence of pathol ogic Q waves on el ectro-
cardiography at rest, and onthe presence of abnormalities
insegmentary contraction onleft ventricul ography and on
two-dimensional echocardiography. The left ventricular
wallsrelatedtothearteriesresponsiblefor previousinfarc-
tswereexcluded fromtheanaysis. Inadditionto thesewal-
Is, 4 other walls, in 4 different patients, werea so excluded
because of thelow quality of their echocardiographicima:
ges. All patientsremained clinically stablein the period
between the perfusion study and the coronary angiogra-
phy. Abnormalitiesin the segmentary contraction at rest
weredetected in 55 (67.9 %) patients, those with previous
acutemyocardial infarctioninclusive(tab. I).

In 9 patients, coronary angiography was considered
normal. Of the 72 patientswith coronary artery disease, 12

Table I — Clinical, echocardiographic, and coronary angiographic
characteristics of the patients (the numbers in parentheses
represent regions)
N 81 patients (243)
Age: 30 to 83 years 60.3+11 years
Sex: maeffemae 64 /17
Systemic arterial hypertension 14
Diabetes mellitus 4
Abnormal segmentary contraction 55
Previous AMI 31
No coronary obstruction 9 patients (27)
No coronary obstruction
after revascularization 10 patients (30)
CABG 1 patient (3)
PTCA 4 patients (12)
PTCA + stent 5 patients (15)
Single-vessel disease 31 patients (93)
Previous AMI (10)
Nonvisualized 1)
Nonlimiting flow (62)
Limiting flow (20)
Double-vessel disease 19 patients (57)
Previous AMI (14)
Nonvisualized 1)
Nonlimiting flow (19
Limiting flow (23)
Triple-vessel disease 12 patients (36)
Previous AMI @
Nonvisualized 2
Nonlimiting flow (0)
Limiting flow 27)
AMI- acute myocardia infarction; CABG- coronary artery bypass graft;
PTCA- percutaneous transluminal coronary angioplasty.
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had diseasein 3vessals, 19in 2vessels, 31in1vessdl, and
10patientshad noresidual coronary lesion after acomplete
revascul arization procedure (implantation of theleft internal
thoracicartery in 1 patient, percutaneoustransluminal an-
gioplasty in4 patients, and association with stentimplanta-
tionin5 patients—tab. ).

Ineach patient, theleft ventricular wallsweredivided
into 3regionsor coronary bedsthat overlapped. Theanteri-
or wall andtheanterior part of theinterventricular septum
were considered part of the region of the anterior descen-
dingartery. Theanterolateral wall wasconsidered part of the
anterior descending artery region or part of thecircumflex
artery region. The posterolateral wall, the posterior wall,
and the posterior part of theinterventricul ar septum were
considered part of thecircumflex artery region or of theright
coronary artery region. Each wall was till divided into 3
segments (basal, middle, and apical) ®.

Inthese81 patients, 70regionswererelated tolimiting
flow coronary lesions(obstruction >75%), 138 regionswere
related to normal coronary arteriesor to nonlimiting flow
lesions, 31 regionswererelated to previous myocardia in-
farctions, and 4 regionswerenot visualized. In cases of se-
guential arterial obstructions, only themost significant one
was considered.

Ora consent wasobtainedfor dl patientsaccordingtothe
research protocol approved by the National Committee on
Ethics and Research of the Health Ministry and by the
Committeeon Ethicsand Research of theHospital Pré-Cardiaco.

PESDA wasprepared according tothe previoudly re-
ported method 2 modified to use 20% human albuminins-
tead of the5% solution. Briefly, 1 mL of 20% humana bumin
was mixed with 12mL of 5% glucose solution in a20-mL
syringe connected to a3-way tap. Another 20-mL syringe
containing 8 mL of decafluorobutane gas (FluraCorpora-
tion, Rock Hill Laboratories, Newport, TN, USA) wasthen
connected to thefirst syringe. The contents of the 2 syrin-
gesweremixed and agitated for at east 1 minute, and then
underwent el ectromechani cal sonication for 80 secondsat
afrequency of 20 KHz, with the sonicator (Heat Systems
Inc, Farmingdale, NY, USA) at maximum potency. Theresul-
ting solution was maintained in the refrigerator and used
within24 hours.

Patientswereadvised to restrict their ingestion of caf-
feinated beverages or theophyllineduring the 12 hourspre-
ceding the examination. Drugs containing dipyridamole
were suspended 1 day prior to the examination. No other
medi cation was suspended.

Theprepared PESDA solutionwasdilutedin80mL of
5% glucose solution and continuously infused in aperiphe-
ral veinwith noinfusion pump. Dripping rate depended on
theeffect obtained with the contrast agent and was perfor-
med asfollows. weused commercialy availableequipment
(HDI 3000, ATL, Bothell, WA, USA) operating in second
harmonicwithinitial adjustments; intermittentimages(trig-
ger mode): 1:1withthe QRS of thee ectrocardiogram, using
T-waveor R-wave peak to obtain the bestimage; map of the
two-dimensional echocardiogram = 8; dynamicrange= 60
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dB; output adjusted to produce mechanical index (mi)=0.7
or 0.8; focus adjusted to the level of the mitral valveinan
apical 4-chamber view.

Initial dripping was 30to 40 drops/minute. After ap-
proximately 1 minute, thevel ocity of infusionwasreadjusted
to provide maximum contrast (closetowhiteinthegray sce-
le) intheleft ventricular cavity without production of sha-
dowsby the microbubbles. However, if thesemicrobubbles
produced ashadow insidetheleft ventricle, drippingwasre-
duced sothat the shadow would remaininsidethel eft atrium,
behind themitral valve, inan apical 4-chamber view.

Obtaining images at rest - After theinfusionvel ocity
was established, the controlswere adjusted to provide an
optimal identification of thecontrast agentinthewalls(fig.
1) asfollows: withamechanica index of 0.7 or 0.8 (asinitialy
established), thegain wasincreased until thecontrastinthe
wallswasconsidered satisfactory; time-gain compensation
(TGC) wasthen adjusted to homogenize, from the | eft
ventricular apex to its base, the identification of the con-
trastinthewallswith no differenceinthegray scale, mainly
intheadjacent regions. Output-power wasthen diminished
step-by-step, reducing the mechanical index, until all seg-
mentsof thewall becameblack, allowing, or not, visualiza-
tion of the maintenance of homogeneity of the contrast
agent in the segments of the wall, always comparing seg-
mentslocated within the samedistancefromthetransducer.
For exampl e, in the apical 4-chamber view, the basal seg-
ment of thelateral wall can only be compared with the basal
segment of theinterventricular septum; output-power was
thenincreased until the mechanical index of 0.6 or 0.7 was
reached. With thisadjustment, thecontrastinthewallsmay
be perfectly identified, and conditionsfor itsintensification
or reduction after adenosineuseexist.

After image optimization, all controls of equipment
and of PESDA dripping weremaintai ned constant, and the
imageswererecorded on videotape. Oneampoul e (6mg) of
adenosine (Adenocard®, LIBBS Farmacéutica Ltda, S30
Paulo, Brazil) wastheninjectedin bolusin the samevenous
route producing arapidintensification of thecontrast agent
inat least 1 segment of theleft ventricular wall. If norespon-

Fig.1- A) —Prior tofinal preparation, agreat quantity of microbubbles can be seen
insidetheleft ventricle (LV), but not in thewalls. Absence of ashadow insidethe LV
indicates that the dripping velocity of the microbubble solution is satisfactory. B)
After fina adjustments, the contrast distribution is homogeneous and intensein the
walls. L- lateral wall; S- interventricular septum.
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sewasobserved, 2 (12mg) or 3 (18mg) amnpouleswereinjec-
ted. Adenosinebeginsto act approximately 20to 60 seconds
after itsinjection and continues for an additional 20 to 30
seconds. Simultaneoudly, tachypnea appears and may im-
pedeexamination. Patientswerea erted to the phenomenon
and advised to maintain respiratory excursion for at least 5
secondsfromthemoment they felt theneed toinhaledeeper.

Echocardiographicimaging wasobtained with aspe-
cifictransducer, which operated at 2 MHz wheninthenomi-
nal frequency, andat 1.67 MHzfor emissionand 3.34 MHz
for reception, whenin second harmonic.

All patientswerestudied with apical 4-chamber and 2-
chamber views. Whenever possible, weal so used thetrans-
verseview of theshort left ventricular axisat thelevel of the
papillary muscles, and amodified apical (shortened) view
withtheultrasound beam enteringintheleft ventricul ar apex
andleavingintheinferobasal region.

Imageacquisition started right after optimization of the
equipment and PESDA dripping control s, and immediately
beforeadenosineinjection, continuing until itseffect onthe
myocardium disappeared. Visual gradation of the contrast
inthemyocardium at rest and of itsintensification after ade-
nosine bolusinjection was performed by 2 independent re-
viewers, based on videotape imagesin loop format using
the computerized system ImageVue DCR (NovaMicroSo-
nics, Allendale, NJ, USA). Eachreviewer assessed thedis-
tribution and homogeneity of the contrast, at rest, in each
left ventricular wall and in all echocardiographic views
used. After adenosineinjection, we assessed intensifica-
tion, reduction, or maintenance of theintensity of the con-
trast agentinthewalls, which could be observed during the
maximum effect of thedrug.

The normal myocardial perfusion image at rest was
present when the contrast, in a certain echocardiographic
view, had ahomogeneous distribution in all segments of
theleft ventricular walls; comparison was always perfor-
med between segments situated at the same depthinagi-
ven echocardiographic view (fig. 1). Persistence of this
homogeneity with adecreasein the mechanical index was
normal until the contrast agent could nolonger be observed
inthemyocardium (fig. 2) inall imagesaobtained. After ade-
nosine bolusinjection, the normal perfusionimage had a
marked intensification of thecontrast agentinall left ventri-
cular wall segments(fig. 3).

Themyocardial perfusionimageat rest wasconsidered
abnormal when the contrast agent was heterogeneously
distributed in the left ventricular wall segments (fig. 4), or
whenthisheterogeneity could beinduced or better demons-
trated with adecreaseinthemechanical index, aconditionin
which the abnormal segment would appear darker than its
contralateral segment (fig. 5). After adenosineinjection, the
abnormal perfusionimage showed lack of intensification of
the contrast agent in defective segmentsat rest (fig. 6) or, as
morefrequently observed, areductioninthecontrast agentin
normally or poorly contrasted segmentsat rest (fig. 7).

Interobserver andintraobserver variability intheana-
lysis of the perfusion images reported was determined by
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Fig. 2 - Persistence of homogeneity in all images obtained during the gradual

reduction in the mechanical index (mi) until no more contrast agent can be seeninthe
walls. LV- left ventricle; RV- right ventricle; S- interventricular septum.

Fig. 3—Normal pattern of myocardial perfusion: before (A) and after (B) adenosine
bolusinjection. The normal pattern of perfusion isthe marked intensification of the
contrast agent observed at rest in al segmentsof theLV walls. P- posterior wall; S-
interventricular septum; LV- |eft ventricle.

comparison of the percentage of concordance betweenthe
2independent observersinall patients.

Statistical analysis - Todetermineinter- andintraobser-
ver variability, we used the kappa (k) statistic with values
greater than 0.4, 0.6, and 0.8 indi cating low, good, and excel -
lent concordances, respectively 2. The chi-squaretest was
used to determinethesignificance or nonsignificanceof the
distribution of concordance between coronary obstruction
and the perfusion defect, and al so between the absence of
coronary obstructionandnormal perfusion. Sensitivity, spe-
cificity, global accuracy, and positive and negativeval uesof
the examinationwerea so cal culated®. The Student ¢ test for
pared sampleswas used to comparethe means of heart rate
beforeand after adenosinebolusinjection. For all statistical
tests, avaluelower than 0.05was considered significant.

Results

Intravenousinfusion of PESDA produced myocardial
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Fig. 4 - Evident perfusion abnormality at rest, prior to adenosine administration, in
thebasal part of thelateral wall (arrow). L- lateral wall; S- interventricular septum;
LV-|eft ventricle.
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Fig. 5—Heterogeneouspattern of myocardia perfusionat rest induced by gradud reduction
inthemechanical index (mi). Themechanica index reductionfrom0.8t00.7 documentstheper-
fusionabnormdlity inthebasdl part of theposterior wall, and the progressionin mechanicd in-
dex reduction downto 0.4 documentsthe perfusion abnormdity indl thewa| extension. P-
posterior wall; S- interventricular septum; LV- |eft ventricle.

Fig. 6 — At rest (A), perfusion abnormality is seen in the basal part of the pos-
terior wall (arrow). After adenosine administration (B), the abnormal region
becomes darker and can be seen spreading to the apical part of the posterior
wall (arrow). P — posterior wall; S - interventricular septum; LV — left
ventricle.

contrast, which wasintensified by the adenosine bolusin-
jectioninat least 1 segment of theleft ventricular walls, inall
patientswhen visually estimated by 2 reviewers.
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(B), the perfusion abnormdlity (dark area) can be seenin the apex and apical region of
theinterventricular septum. S- interventricular septum; Lat - lateral wall; LV —left
ventricle.

Toobtain contrastintensificationintheleft ventricular
walls, 62 (76.5%) patientsrequired 1 singleampoule(6mg) of
adenosine, 14 (17.3%) patientsrequired 12mg, and 5 (6.2%)
patientsrequired 18mgto obtainthe sameresullt.

Inthese81 patients, atotal of 208 regionsnot associa
tedwithinfarctsrelated to obstructed coronary arterieswere
analyzed (tab. Il andfig. 8). Weobserved that 138 coronary
arteries (or regions) were normal or had an obstruction
<75%, andthat 70 coronary arteries(or regions) had aseve-
reobstruction (lesion? 75%). Of these 70 obstructions, im-
pairment of theareaof theanterior descending coronary ar-
tery wasobservedin 18 patients, of the areaof the circum-
flex artery or of theobtusemarginal artery in 33 patients, and
of theareaof theright coronary artery in 19 patients.

Thevisua pattern of normal perfusion at rest and after
adenosine bolusinjection was observed in 136 of the 138
regions(98.6%) perfused by anormal coronary artery or an
artery with obstruction <75%. In the 2 other regions, the
perfusion pattern wasconsi dered abnormal (false-positive).

Inthe 70 regions perfused by arterieswith total obs-
truction or obstruction >75%, ascompared withthenormal -
ly perfused segments, areduction in the intensification of
the contrast agent at rest was observed (consensus betwe-
enthe2reviewers) inat least 1 segment in 52 (74.3%) re-
gions. Inregard to theseregions, adenosinebolusinjection
increased theabnormal areain 20 (38.5%) regions, but did
not changetheabnormal areaintheremaining 32 (61.5%)
regions. In 16 (22.9%) normally perfused regionsat rest, an

Table II — Distribution of the regions analyzed and excluded

Analyzed = 208 Excluded = 35

AD =67 Cx=78 RC=59 AD=12 Cx=2 RC=21
NL AN NL AN NL AN nv fib nv fib nvfib
50 17 45 33 41 18 4 8 0 2 021
IFN@IFP& - IFP& IFN@ - - - - - - -

AD- anterior descending artery; Cx- circumflex artery; RC- right coronary
artery; NL- norma perfusion; AN- abnormal perfusion; nv- nonvisudized;
fib- fibrosis; FN- false-negative; FP- false-positive; @ - related to the same
patient; & - 2 different patients.
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Fig. 8 - Distribution of the myocardial perfusion patternsin the region-by-region
analysis. AD - anterior descending artery; Cx- circumflex artery; RC- right
coronary artery.

abnormality was only demonstrated after adenosine bolus
injection. Only 2 regionsshowed thenormal perfusion pat-
tern at rest and after adenosineinjection (fal se-negative).

Sensitivity was97.1% (68 of the 70 regionsrelated to
arterieswith limiting flow obstructions); specificity was
98.6% (136 of the 138 regionsrelated to normal arteriesor ar-
terieswith nonlimiting flow obstruction); and global accu-
racy was98.1% (204 of the 208 regionsanalyzed). Positive
and negative predictivevalueswere 97.1% and 98.6%, res-
pectively. Theoddsratiofor anabnormal test was0.694, and
0.34foranormal test (p<0.001).

Concordance between absenceor presenceof corona-
ry obstruction and normal or abnormal perfusionusingthe
chi-squaretest was statistically significant (c?=186.21,
p<0.001), withonly 4 discordant cases (2 in normal regions
and 2inabnormal regions). Intra- andinterobserver concor-
danceswereexcellent, withk=0.94 andk=0.91, respectively.

Adenosine, at the dosages used, did not cause abnor-
malitiesin segmentary contraction in any patient. On the
other hand, itinduced amild, but significant, increaseinhe-
artrate (from 71+8 to 84+14 bpm, p<0.001). Two patients
who received 12mgand 1 who received 18 mg of adenosine
had asymptomatic and transient (8 to 10 seconds) third-de-
gree atrioventricular block. The sensation of facial heat,
chest discomfort, and cephal eawerereportedin 10 (12%), 3
(3.7%), and 4 (4.9%) petients, respectively. All patientsdeve-
loped tachypnea, which lasted less than 30 seconds, did
not requiretreatment, and did not impedenew adenosinein-
jections when necessary.

Discussion

This study showsthat myocardial contrast echocar-
diography with continuous PESDA infusionand adenosine
bolusinjection may assesscoronary flow reserve, and, the-
refore, may be usedtoidentify coronary artery disease, be-
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cause the abnormal perfusion sites correlate with the re-
gionsrelated to obstructed arteries.

Theseverity of coronary obstruction assessed on coro-
nary angiography isusually expressed as a percentage of
stenosisin relation to the diameter of the vessal. Thisme-
thod haslimitations, becauseit doesnot takeinto considera-
tion other characterigticsof thelesion, such aslength, shape,
and eccentricity, which are known to affect coronary flow
resistance. Theweak correlation existing between the co-
ronary angiographic assessment of thedegreeof obstruction
andthepostmortem examination findingsisal soknown 2+,
A greatintra- andinterobserver variation exists® %, aswell
asalimited capacity of the observersto predict thehemody-
namic significance of acertain coronary stenosis*=. Quan-
titative coronary angiography improved the eval uation of
the degree of coronary stenosis®, but limitationsstill per-
sist 3334, |n addition, the demonstration of the stenosisand
its degree does not describe the level of the perfusion de-
fect, or themyocardial areainvolved.

Analysisof coronary flow reserve should be used to
assess the hemodynami c consequences of coronary artery
stenosis*%". The measurement of coronary flow reserve
during quantitative coronary angiography hasbeen propo-
sedto assessall anatomical factorsthat influencethe seve-
rity of arterial stenosis®. A good correlation between co-
ronary flow reserveanalyzed onintracoronary Doppler and
the arterial stenosisdetected on quantitative coronary an-
giography has also been reported ©°. Myocardial contrast
echocardiography has also been proposed to assess the
physiological significance of coronary lesions during
pharmacol ogi cal vasodilation induction 4,

Adenosineisapotent coronary vasodilator. Periphe-
ral venousadenosineinjectionincreasescoronary flow 3to
4timesduetoadropincoronary resistance*, whichresults
inanincreaseinmyocardia vascul arization andinmyocar-
dial blood flow. Incoronary artery diseasewith single-ves-
sel obstruction, adenosineinjectionincreasesblood flowin
normally perfused regions, whereresistancewill decrease.
Intheareasperfused by anartery with limiting flow obstruc-
tion, the resistance vessels are maximally dilated and no
changeswill occur, or areductioninflow may happen dueto
the coronary steal phenomenon -,

Variationintheintensity of thecontrast reflectschan-
gesinmyocardial bloodflow®. Therefore, anincreaseinthe
intensity of the contrast isexpected to occur inthe absence
of coronary artery stenosis. In our patients, thisfact was
observedin 136 of the 138 regions perfused by norma coro-
nary arteries or by coronary arterieswith nonsignificant
obstructions. However, in cases of significant coronary ste-
nosis, coronary flow reserveisreduced and theresponseto
adenosineinjection (vasodil ation and capillary recruitment)
isnot observed, and, therefore, thenormal increaseinmyo-
cardial blood volumedoesnot occur . Therefore, thesame
increase in contrast intensity observed in normal regions
did not occur in 68 of the 70 regions perfused by coronary
arterieswith significant obstructions. In our study, theuse
of theseperfusion patternshad aglobal accuracy of 98.1%,
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with high positive and negative predictive values (97.1%
and 98.6%, respectively).

Despitethealterationsin thedistribution of coronary
flow, adenosineinjection doesnot necessarily induce myo-
cardia ischemia, evenwhenit causesabnormditiesinmyo-
cardial blood volume and makes the intensification of
myocardia contrast intheabnormal segmentsheterogene-
ous®.

Adenosinebolusinjection caused amarked difference
(easily identified from the point of view of visual asses-
sment) between thelowest myocardial contrast observedin
theregion perfused by acritically stenotic vessel andthein-
tensification of thecontrast seenintheregionsupplied by a
normal vessel or anoncritically stenotic vessel. Thesedata
areinaccordancewith thefact that coronary flow reserveis
reduced inthe coronary bed related to acritical obstruction
when compared with that rel ated to the normally perfused
coronary bed.

If inacertain territory theintensity of contrast de-
monstrated at rest does not increase after adenosine or di-
minishes, asfrequently noted, one may infer that that re-
gionissupplied by acritically stenoticartery. Thisobserva-
tion is supported by astudy by Lang et al %2, who showed
that theincreaseintheintensity of contrastisgreater inthe
regionsrelated to obstructed arteries that undergo angio-
plasty thaninregionsrelated to normal arteriesdueto sub-
sequent hyperemia.

Techniqueswith pharmacological stressarewidely
used to diagnose coronary artery disease®%. Dipyridamo-
leisone of themost used drugsto cause myocardial ische-
miawith segmentary contraction abnormalitiesontwo-di-
mensional echocardiography %, with sensitivity similar to
that of thallium-201 myocardia perfusionscintigraphy. With
thisdrug, which hasarel atively long persi stence, episodes
of severeischemia, myocardial infarction, and even death,
though rare, have been reported &,

Coronary vasodilation produced ley dipyridamoleis
dueto its blocking effect on cellular uptake of adenosine,
whichresultsinanincreasein endogenousadenosine, the-
refore potentiating its vasodil ating effect -2, | ntravenous
adenosine, which hasavery short half-life (<20 seconds),
hasbeen used asan alternativeto dipyridamol e asapotent
coronary vasodilator. The protocolsfor pharmacological
stresstestswith adenosine recommend the continuousin-
fusion of thedrug at thedosage of 0.14 mg/kg/min %%, The
sideeffects observed with adenosineare of short duration,
but much morefrequent and lesswell tolerated than those
occurring with dipyridamole®. These side effectsimpede
obtainment of amaximum testin approximately 25% of pati-
ents®. Thishigh proportion of submaximum studiesdimi-
nishes the sensitivity of adenosine echocardiography,
whentheobjectiveisto causeischemiawith the appearance
of segmentary contraction alteration. However, asin this
protocol, adenosine isadministered in intravenous bolus,
and, consequently, with avery short persistence, stressdo-
esnot causeimbalancein myocardial oxygen delivery and
consumption for atimelong enoughtoinduce segmentary
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contraction abnormalities. A regional mismatch occursin
myocardial perfusion, which becomesheterogeneouswhen
aregiondependsonacoronary artery with critical stenosis.

Several clinical trialshave determined the sensitivity
and specificity of myocardia perfusion during adenosine
infusion using thallium-201 scintigraphy %% or theaterati-
on in segmentary contraction of theleft ventricular walls
with echocardiography %7, Three studies have compared
sengitivity and specificity inmyocardial perfusionimaging
using adenosine infusion and dipyridamole 77, |n all
these studi es, adenosi newasadministered asanintraveno-
usinfusion, and noincreasein theintensity of myocardial
contrast wasobserved intheregionsrelated to normal arte-
ries. Asfar asweknow, thisisthefirst report on the effect
of adenosine, when administered inintravenousbolus, on
coronary flow reserves during myocardial contrast echo-
cardiography.

Adenosineinjectioninboluscaused total and asymp-
tomatic transient (lessthan 10 seconds of duration) atrio-
ventricular block in 3 of the 81 patientsof thisstudy. Howe-
ver, atrioventricular blockswith no sequelae™ and ahigh
incidence of other side effects™™ have a so been reported
during adenosineinfusion. Chest pain, headache, facial ru-
bor, and dyspneamay moreoften occur with adenosinethan
with dipyridamole™. After adenosinebolusinjection, these
effectswerevery discreteand transitory, compl etely disap-
pearing in 20 to 30 seconds, unlike those resulting from
dipyridamoleadministration, which last longer and may re-
quiretheintravenousantidote (aminophylline).

Theresultsof thisstudy may have beeninfluenced by
somemethodological limitations.

We compared theresultsof myocardial perfusion ob-
tai ned through microbubbl e echocardiography with those
obtained through coronary angiography in regard to the
presence or absence of intensification of the myocardial
contrast and critical (>75%) or noncritical (<75%) coronary
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artery obstruction, not considering the continuous spec-
trum of the severity of obstruction.

Thereductionin the capacity of arterial vasodilation
andin coronary flow reservehasbeen showntoincreaseas
the severity of coronary stenosisincreases’ . A previous
study " inferred that the relative, more than the absol ute,
estimation of myocardial perfusion reservewouldbeamore
sensitivephysiological indicator than the severity of arteri-
al stenosis on coronary angiography.

Anatomical factors of coronary lesions, such asthe
shape and eccentricity of the obstructions, and the presen-
ceof seria stenoses, which may affect coronary flow resis-
tance, werenot considered.

Another limitation of thisstudy wastheuseof qualita:
tiveand not quantitative estimationsof coronary flow resis-
tance. However, quantitative assessmentsal so have signi-
ficant restrictions®.

Finally, thehighglobal accuracy with very high positi-
veand negativevaluesis, at leastin part, dueto thehighin-
cidenceof coronary artery diseasein our patients. Theva
luescalculated for theoddsratio (normal test =0.34 and ab-
normal test = 0.694) confirmthisobservation.

In summary, in patientswith coronary artery disease,
qualitative noninvas ve assessment of coronary flow reserve
using myocardia perfusion echocardiography with micro-
bubbles, beforeand after adenosinebolusinjection, isasafe
method that is closely related to the presence of critical co-
ronary obstructionsdetected on coronary angiography. This
information may provideabetter definition of thefunctional
relevance of an already known coronary lesion. Inaddition,
this method may be clinically useful for detecting silent
ischemia, for monitoring progression or regression of co-
ronary obstructions, and for assessing revascul arization
procedures. The short persistence and clearance of adeno-
sinemay reducethetimenecessary for examination, and also
reducetheduration of any side effectsthat may appesr.
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