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Objective- To determinethe predictive values of nonin-
vasivetestsfor the detection of allograft vascular disease.

Methods - We studied 39 patients with mean ages of
48+ 13 yearsand afollow-up period of 86+ 13 months. The
diagnosisof allograft vascular disease was made by cine-
coronary arteriography, and it was considered aspositive
if lesions existed that caused >50% obstruction of the lu-
men. Patients underwent 24h Holter monitoring, thallium
scintigraphy, atreadmill stresstest, and dobutaminestress
echocardiography. Sensitivity, specificity, and positive
and negative predictive values were determined in per-
centages for each method, as compared with the cine-co-
ronary arteriography results.

Results- Allograft vascular diseasewasfoundin 15
(38%) patients. The Holter test showed 15.4% sensitivity,
95.5% specificity. For thetreadmill stresstest, sensitivity
was 10%, specificity was 100%. When thallium scintigra-
phy was used, sensitivity was 40%, specificity 95.8%. On
echocardiography with dobutamine, we found a 63.6%
sensitivity, 91.3% specificity. When the dobutamine echo-
cardiogramwas associated with scintigraphy, sensitivity
was 71.4%, specificity was 87%.

Conclusion - Inthisgroup of patients, thecombination
of two noninvasive methods (dobutamine echocar diogra-
phy and thallium scintigraphy) may be a good alter native
for the detection of allograft vascular diseasein asymp-
tomatic patientswith normal ventricular function.
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Allograft vascular diseaseisthe main late complica-
tion in thefollow-up of patients who undergo heart trans-
plantation.

Ever sincetheexperimental period of heart transplanta:
tion, Lower et al *described coronary atherosclerosisina
dog that underwent heart transplantation and proved that
thiscomplication could affect thelate post-transpl antation
follow-up, yet the first description of coronary disease
affecting human graftswasmade by Thomson et al 2.

Allograft vascular diseaseisat thistime responsible
for most of the deathsthat occur during the late posttrans-
plantation follow-up, and itsincidence amountsto an esti-
mated 10% per postoperativeyear, reaching 40%to 50%in
receptors by completion of their 5" postoperative year 3.

Thefirst manifestation of thediseaseisoften conges-
tive heart failure or even sudden death, arising from an
asymptomatic acute infarction of the myocardium, since
hearts are denervated and have therefore no afferent
sengitivefibers. In casesof coronary failure, thetypical pre-
cordial pain may not be reported, and only afew reports
with adocumented partial reinnervation have been publi-
Shed 8—10_

Another important aspect concernsthe diagnosis of
vascular disease of the graft. The method still commonly
usedisanannual angio-coronary angiography after thefirst
postoperative year. Gao et al 1 proposed a classification
based on the characteristics, location, and extension of the
coronary lesions, defining them by their characteristicsas
diffuse, multiarterial, and predominantly distally affecting
lesions. On angiography, coronary lesionsare classically
defined astypeA, B, and C: typeA - discreteproximal, me-
dial, or distal lesionsinmajor arteriesor their branches; type
B - diffuse, concentriclesionsinvolvingthemedial and dis-
tal thirds of major arteriesor their branches; type C - asso-
ciation between typesA and B.

Thecomplementation of thistest withtheinformation
obtained fromintravascul ar ultrasound hasallowed amore
accuratedefinition of coronary lesions, mainly in casesthat
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wereunderestimated by arteriographicanalysis. Intravascu-
lar ultrasound can also document endothelial alterations
occurring early after transplantation, when the mediaand
intimaof the blood vessel sand the endothelial responseto
the use of certain drugs with vasoactive properties are
analyzed separately 1214, Despite the potential benefit of
this method for the detection of vascular disease of the
graft, with high sensitivity and specificity, itsapplicability
inBrazil isstill limited, dueto thesmall number of medical
unitsthat haveit and itshigh cost. Noninvasive methods
for thediagnosisof vascular disease of the graft have been
studied in an attempt to replace the annual angiographic
analysis, but theresultsarestill controversial. Somegroups
have reported good diagnostic sensitivity with tests such
asmyocardial scintigraphy and stress echocardiography,
but the great majority go onusing annual arteriography due
to the low sensitivity and specificity of those methodsin
their seriesof patients!*,

Theobjective of thisstudy wasto comparethenonin-
vasivediagnosisof vascular diseasein asymptomatic pat-
ientswith normal ventricular function, thuscharacterizinga
population with alow suspicion of thisdisease.

Methods

We studied 39 patients who underwent orthotopic
heart transplantation at the I nstituto do Coragéo do Hospi-
tal das Clinicas daFaculdade de MedicinadaUSP, with a
mean age of 48+13 years, and amean follow-up period of
86+31 months.

Theinclusion criteriawere: over twoyearsof follow-
up, normal ventricular function on echocardiogram at rest,
absence of symptomsof anginaor heart failure, absence of
acuterejection, and compliance with the study protocol.

Thefollowingtestswereperformed: cine-coronary ar-
teriography, 24-hour Holter monitor, treadmill stresstest,
myocardial thallium scintigraphy under physical stress(er-
gometrictest) or pharmacol ogical stress(dipyridamole)in
patientswith exerciselimitationsor patientswith permanent
pacemakers, stressechocardiography with dobutamine. All
thenoninvasivetestswere performed within the sameweek
of the study.

Thetechniqueadopted for coronary angiography was
that described by Sones and Shirey *°. Philips equipment
model Optimus1050with a6.5-to-9-inchimageintensifier
coupledwithan Arritecno camerawith ashooting rate of 30
pictures per second was used. The filmswere separately
analyzed by two specialists of the InCor Hemodynamics
service, who had no previous knowledge of the patients’
clinical and laboratory data. Each artery wasanayzed, inan
attempt to establish the degree of lumen reduction of the
vessel onat least twoincidences: obliqueanterior right and
obligueanterior left. Thismethod was considered thegold
standard for the definition of the presence or absence of
vascular disease of the graft. Thetest wasconsidered posi-
tive for vascular disease of the graft whenever the lumen
obstruction was =50% 202, after which the designations
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disease” Yes' or “No” criteriawereadopted. L esions<50%
wereconsideredwall irregularitiesand disregarded. Based
ontheresultsof thismethod, sensitivity, specificity, andthe
positive and negative predictive values of the noninvasive
diagnostic methodswere cal cul ated.

With regardto 24-hour electrocardiography (Holter),
patientsweremonitored by meansof aM arquette 8000 two-
channel portable monitor with modul ated amplitudewave
recording from Marquette (Milwaukee, WI, USA), conta-
ining a cassette tape sufficient for acontinuous 24-hour
study. The monitor was connected to the patient the mo-
ment he or sheentered the study, and patientswereinstruc-
ted to report the occurrence of any possible symptoms du-
ringthese 24 hours, in order to havethemrecordedin an at-
tached diary.

Oncethemonitor wasremoved, thetapeswereanaly-
zed by aMarquette L aser SXP processor (1988) fromMar-
quette (Milwaukee, W1, USA) and eval uated by the staff of
theHolter service. Heart beatswere classified and evaluated
manually. For thediagnosisof ischemic events, anisoelectric
point —the PQ interval —and apoint 60 m distant from the J
point were manually adjusted upon the automatic reading,
in determinethe baseline of the ST segment, starting from
which the variations upwards, up-unlevelling, and down-
wards, down-unlevelling, wereconsidered.

To be diagnosed as an ischemic event, an elevation
>2mmor ahorizontal or descending depression>1mmof the
ST segment from the baseline had to occur, lasting at least
one minute, and returning to the baseline for at |east one
minute. Thepossibleischemiceventsidentifiedin thisman-
ner were defined as i schemic episodes (positive test), and
each oneof themwasrecorded on paper, at a25mm/sspeed,
withalmV standard, usingaMarquettelaser printer, from
which the variations of the ST segment were manually
reevaluated.

Theexercisestresstestswereperformed according to
criteriaestablished by the Consenso Nacional de Ergome-
tria (National Stress Test Consensus) 2.

Exercisewasinterrupted whenthe patient attained the
heart rate cons dered themaximum, obtained by theformula
maximumHR=210-(agex0.65), correspondingto 100%of the
patient’sheart rate during stress. Whenever thisparameter
washot reached, thetest interruption criteriaweretheones
established by the American Heart Association %.

A MAT 2100treadmill withamovablerampwasused,
coupledwithan ML 8000 Stress System from FukudaDen-
shi Co. Ltd. The protocol used was Ellestad swith are-
cording of 12 simultaneousclassical derivations.

Blood pressure measurementswereautomeatically ma-
deevery 60 sby aColindevice, model STBP 780, coupled
withtheML 8000 software.

A test was considered to be positive or ischemic if a
down-unlevelling occurred of the ST segment with ahori-
zontal or descending morphol ogy, or both, larger or equal to
1.0mmfor menand 2.0mmfor women; adown-unlevelling of
theascending ST segment withthepoint Y >2.0mmfor men
and 3.0mmforwomen.
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Theradioactive drug used in myocardial perfusion
scintigraphy wasthallium-201 chloride (®'Tl). The perfu-
sion study protocol encompassed two phases: 1) images
weretakenimmediately after radionuclideinjection onthe
peak of exercise. Theinjected dosewas111MBg, and tomo-
graphy imageswere obtained with the patient in dorsal de-
cubitus; 2) Four hourslater andinthe sameway, redistribu-
tionimageswereobtained.

Toobtainthetomography images, aSiemensscintilla-
tion camera, mode Orbiter ZL C-Digitrac 750 wasused, cou-
pledwithaMaxdeltacomputer (Microvax-3300). After the
reconstruction of theimages, transversal sectionswereob-
tained at every 6.09mm, reoriented tothe heart axis, thusal-
lowing the determination of the sections corresponding to
the three planes mutually perpendicular to the system of
coordinates set for the heart.

For theinterpretation of theimages, theheart wasdivi-
dedintofiveregions: septal, anterior, inferior, apical, and la-
teral. A valuewas attributed to each one of them by means
of arandom grade system, according to the uptake of the
radioactive drug (0= normal uptake; 1= discrete underup-
take; 3= pronounced underuptake). Uptake (perfusion)
defectswere considered if observed on at least two diffe-
rent axesand two sequential sections. A decreaseof at least
one point of thisgrading in the analyzed region, when the
imagesof physical stressare compared with the other pha-
ses, wasinterpreted asatransient underuptake. It wascon-
sidered aspartid if thevalue zero wasnot observed onthe
redistributionthereinjection, therestimages, or al of these.
The maintenance or increase of this gradation was called
persistent underuptake (fibrosis). Oncetransient underup-
take was documented, the test was defined as positive for
the detection of vascular disease of the graft.

The protocol for dobutamine stress echocardiogra-
phy consisted of continuous dobutamine administration
through an infusion pump, starting with a 10mcg/kg/min
dose for 3minutes, progressively increasing to 20, 30, and
40mcg/kg/min, until the patient attai ned the submaximum
heart ratefor hisor her age (85% of themaximum heart rate).
If thisdid not occur, atropinwasgivenin 0.25mgboli uptoa
total dose of 1 mg. Thereason for anticipating theend of the
test wasthe occurrence of side effects, such asanincrease
insystolic blood pressureto morethan 220mmHg, complex
arrhythmia or important symptoms of intolerance to
medication (headache, angina). Neither hypotension (adrop
of systolic blood pressure >20mmHg with respect to the
baselevel) nor the occurrence of segmental contractility
alterations were considered as reasons to discontinue the
protocol. Bidimensional echocardiogramswereperformed
by meansof an ATL echocardiograph model 3000 or 5000
anda3.5or 2.5 MHz transductor. Imageswere obtained at
rest, at theend of stage 10and 40 of dobutamineadministra:
tion, and upon recovery. The whole test was recorded on
videocassette, and the datawere stored on acomputer for
processing and ulterior analysis. Four basic imageswere
obtained: parasternal long axisand short axis, apical two
camerasand four cameras, and they were analyzed by two
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observers with no knowledge about the cine-coronary
arteriography and, whenever therewasadisagreement, an
evaluation by athird observer wasrequested. Theresult
was considered as positiveif any alteration f in regional
wall motion appeared. Thewall motionindex wasgiven by
thefollowingvalues: 1) normal: anincreaseinwall motion
and systolicthickening after dobutamine; 2) hypokinesia: a
decrease of systolic thickening and wall motion during
dobutamine; 3) akinesia: the absence of thickening during
dobutamine, and4) dyskinesia: an outward movement of the
analyzed segment after dobutamine. The 12-derivation
electrocardiogramwasmadeat rest and after themaximum
dobutamine dose, and blood pressure was constantly
monitored, being recorded at the end of each dobutamine
stage .

Statistical analysis—In order to comparatively assess
the noninvasive tests with the gold standard, catheteri-
zation, for the diagnosis of coronary disease, sensitivity
and specificity indexes, aswell asthepositiveand negative
predictivevalues, werecal culated. To eval uate whether the
disagreement proportion between each test and catheteri-
zation wasnegligible, i. e., close enough to zero, atest for
generalized linear models, based onWald' sstatistics %, was
used.

Thelevel of significance established for theanalysis
was 5%, and all cal culations were made according to the
SAS (Satistical Analysis System) %.

Results

IN 15 (38.4%) of the 39 studied patients, cine-coronary
arteriography showed avascular disease of the graft, cha-
racterized by a>50% obstructivecoronary lesion, inat least
onevessel. Fifteen patientswere studied during the period
from the 2" to the 5" postoperative year, 17 from the 6 to
the 9" year and seven after more than 10 years from the
operation. Asfor the characteristicsof the coronary lesions
found, fiveweretriarterial, sevenwerebiarterial andthree
were uniarterial. From the viewpoint of Gao et al’s *
arteriographic classification, 11 patients presented with
type C lesions, two patientswith type A, and two patients
withtypeB.

Thirty-fivepatientshad the 24-hour el ectrocardiogram
(Holter) carried out. Excluded from theanalysiswerethose
who had ablock of the D branch and thosewho woreapa-
cemaker, duetothedifficultiesinanalyzing thealterations
of ventricular repolarization. | schemiawastheresult found
in three patients, two of whom had vascular disease of the
graft. Of the 32 patientswith normal results, 21 did not have
the disease and 11 had it. The sensitivity of the test was
15.4%, specificity was95.5%, positive predictivevaluewas
66.7%, and negative predictivevaluewas65.6% (Tablel).

Thirty-one patients underwent el ectrocardiography
under stress(TE). Patientswith apermanent pacemaker and
those who had physical limitations disabling them from
exercisewereexcluded. Only onepatient had apositiveresult
by thismethod, and hehad avascular disease of thegraft. Of
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Tablel - Results of 24h Holter in the detection of vascular disease of

Table |V - Results of stress echocardiography in the detection of

Predictive value -  65.6%

the graft vascular disease of the graft
Disease Sensitivity 15.4% Disease Sensitivity 63,6%
Test Result No Yes Tota Especificidade 95.5% Test Result No Yes Totd Specificity 91,3%
Holter No 21 11 32 % Concordance 65.7% Stress Echo  No 21 4 25 % Concordance 82,4%
Yes 1 2 3 % Discordance 34.3% Yes 2 7 9 % Discordance  17,6%
Total 22 13 35 Predictive value +  66.7% Total 23 11 34 Predictive valuet+ 77,8%

Predictive value - 84,0%

the 30 patientswith anormal result, 21 did not have the
diseaseand ninehadit. The sensitivity of thistest was 10%,
its specificity was 100%, its positive predictive value was
100%, and itsnegative predictivevaluewas 70% (Tablell).

All patientsunderwent scintigraphy with thallium-201
(Thallium). Seven patientshad apositivetest result, and six
of themhad avascular disease of thegraft. Of the 32 patients
with normal results, ninehad avascular disease of thegraft,
as documented by cine-coronary arteriography. The
sengitivity of thetest was40%, itsspecificity was95.8%, its
positive predictive value was 85.7%, and its negative
predictivevaluewas71.9% (Tablelll).

Thirty-four patients underwent stress electrocardio-
graphy with dobutamine (Echo-Dobu). Those who were
unableto have the test done due to technical difficulties
wereexcluded, mainly because of thelack of an electrocar-
diographicwindow favorablefor analysis. Ninepatientshad
apositivetest result, and seven of them had the disease. Of
the 25 patientswho tested normal, only four had avascular
diseaseof thegraft. Thesengitivity of thistest was63.6%, its
specificity was 91.3%, its positive predictive value was
77.8%, anditsnegativepredictivevaluewas84% (Tablel V).

A joint analysiswas performed of the two diagnostic
methods with the best sensitivity for the detection of
vascular disease of the graft (dobutamine echocardiogra-

Tablell - Results of treadmill stresstest in the detection of vascular
disease of the graft

Disease Sensitivity 10.0%

Test Result No Yes Totd Specificity 100.0%
ExerciseECG No 21 9 30 % Concordance ~ 71.0%
Yes 0 1 1 % Discordance  29.0%

Total 21 10 31 Predictive valuet 100.0%
Predictive value -  70.0%

phy and thallium scintigraphy). Theresult was considered
aspositivewhenever at | east one of them showedischemia.
Theresultsfound areshowninTableV andfigure 1.

Discussion

Coronary angiography is still the gold standard for
thediagnosisof presenceor absence of coronary artery di-
sease in the general population. In patients who undergo
heart transplantation, therol e of thistestinthediagnosisof
vascular disease of the graft also seemswell established,
and thereforean annual angiography isrecommended after
thefirst postoperativeyear.

Theincidence of allograft vascular diseaseisestima-
ted at 10% per year, amounting to atotal of 40% to 50% by
theend of the 5" year after operation 2", Cases, however,
do exist where evolution israpid, with diffuse and severe
lesions even beforethefirst year after transplantation has
elapsed, and the causes of thisoccurrencearestill obscure,
although histological aspectssimilar to arteritishave been
showninsuch cases. Inour analysis, wefound a38%inci-
dence of vascular disease of the graft documented by an-
giography inasymptomatic patientswith normal ventricular
function, thuscharacterizing apopul ationwith alow suspi-
cion ratefor this disease. The distribution pattern of the

Table V - Results of the association of stress echocardiography with
thallium scintigraphy in the detection of vascular disease of the
graft

Disease Sensitivity 71,4%
Test Result No Yes Tota Specificity 87,0%

Stress Echo  No 20 4 24 % Concordance  81,1%
Thallium Yes 3 10 13 % Discordance  18,9%
Total 23 14 37 Predictive value+ 76,9%

Predictive value -  83,3%

Tablelll - Results of thallium scintigraphy in the detection of
vascular disease of the graft

Disease Sensitivity 40.0%
Test Result No Yes Tota Specificity 95.8%

% Concordance ~ 74.4%
% Discordance  25.6%
Predictive value+ 85.7%
Predictive value -  71.9%

Thalium  No 23 9 32
Yes 1 6 7
Total 24 15 39

EXERCISE ECG HOLTER THALLIUM STRESS ECHO STRESS ECHOOR
THAI

Fig. 1 - The graph shows the comparison between the detection tests for vascular
disease of the graft. Sensitivity, specificity, positive predictive value, negative
predictive value.
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obstructivelesionsof the coronarieswassimilar tothat fo-
und by other investigators, i. e., multiarterial, diffuse le-
sions, frequently affecting the distal bed. On the other
hand, Uretsky et al. 2 showed that angiographic analysis
might underestimatetheexistinglesions; intheir study, they
documented a28% occurrenceof cardiac eventsin patients
with anormal angiography. Some aspects have been pro-
posed for the standardization of this method, mainly the
needto usethesameangleintheanalysisof each study, the
taking of measurements at the same point in each vessel
and under the same vasomotor tonus and, preferably, the
use of the computer-assisted method for abetter definition
of thedegree of obstruction of thevessal. Analysesshould
be made by at |east two observers and possibly by athird
one, if any disagreement occursbetweenthefirst ones. Cur-
rently, with the additional information given by thein-
travascular ultrasound, lesions can be better defined, es-
pecially whenthey arediscrete. Early studieswith thisme-
thod, made as soon as within the first weeks after trans-
plantation, allowed theidentification of endothelial dys-
functions, probably due to immunological alterations,
which may predispose in the future to the occurrence of
vascular disease of thegraft 23, Asalready mentioned, the
characteristic coronary lesionsare diffuse, affecting main
and secondary branches, with afrequent distal involve-
ment, making therapeutic propositionssuch asangiopl asty
and surgical myocardial revascularization very difficult. In
practice, doctorsarefaced withabigdilemma, i. e., toknow
that the patient has a severe coronary affliction and to be,
sofar, unabletointerveneeffectively bothinpreventionand
intreatment. |n caseswherethediffusecoronary affliction
isaccompanied by ventricular dysfunction, thetherapeutic
indication isanew transplant, which has given poorer re-
sultsthan the first transplant in anumber of seriesin the
literature®" Thisfact, associated with low organ availabili-
ty, leads us to ponder about this indication, even from an
ethical point of view, because the chance of thefirst trans-
plant can begivento patientswho have been onthewaiting
listlonger. Theuseof noninvasivediagnostic methodswill
becomemoreimportantif, inthefuture, their effectiveness
in detecting patients at greater risk of developing cardiac
eventsfurther onwill beproven, thusallowing detection of
those with severer conditions, who will need aninvasive
diagnostic study.

The use of stress electrocardiography for the detec-
tion of ischemiain conventional coronary patientsiswell
established; yet, its usefulnessin patientswho undergo
cardiac transplantation is still controversial. Reports of
other authorshave shown low sensitivity and specificity of
this method, which correspondsto the findings of this
study 2%, |n this series, the sensitivity of the method was
only 10%, which makesit difficult to usein this specific
group of patients on adaily medical practice basis. Some
factors seem to have an influence on theseresults. First of
all, giventhefact that thetransplanted heartisdenerved, the
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lack of innervation has an influence on the physiological
response of the subject to exercise, somainly alow chrono-
tropic responseis observed, associated with the presence
of highventricular filling pressuresand increased | evel sof
circulating catecholamines, attempting to compensate for
that chronotropic deficiency. The alterations described
here, together with blood hypertension that often accompa-
niesthe patients, may lead to diastolic dysfunction, impai-
ring the tolerance of transplanted individualsto stress. In
practice, patientsshow difficultieswiththeir heart rateres-
ponse, and thisrepresentsalimitation of themethod for the
detection of ischemia, because the triggering of ischemic
events upon physical stress depends directly on the
increase of theheart rate.

Theuse of a24-hour electrocardiogram (Holter) asa
diagnostic method for ischemic eventsseemsto bewell es-
tablished, especially for thedetection of theso-called silent
ischemia, defined asthe occurrenceof ischemiceventswith
no medical expression that might identify them. In studies
with patientswith coronary disease, most of theischemic
eventsidentified by Holter are said to be asymptomatic 34%.
Patientswho undergo cardiac transplantation fit themodel
of silent ischemiaperfectly, becausetheir denerved hearts
haveno afferent sensitivefibers, and thefirst manifestation
of coronary failureisfrequently sudden death or even a
pictureof heart failure. Yet, in practice, Holter usein patients
who undergo heart transplantation has shown alow
diagnostic sensitivity. Inthisseries, wefound al5% sensi-
tivity, with most patients being able to have the test done,
except for thosewho had permanent pacemakersor ablock
of the right branch who had to be excluded because of the
difficultiesinanalyzingtheventricular repolarization. Some
important aspects are worth considering in the attempt to
explain our results. Asymptomatic i schemic events occur
mostly due to alterations of the myocardial oxygen con-
sumption, therefore, being preceded by elevations of the
heart rate®®. Becausethe denerved patient hasno physiol o-
gicchronotropicresponseand hasalow R-R variability, the
triggering of ischemic events, documented by Holter
through anunderunlevelling of the ST region, after theele-
vation of the heart rate, becomeshighly evident, givingthe
method alow diagnostic sensitivity, as shown in several
published seriesand in agreement with our results?+ 7%,

Myocardial thallium-201 scintigraphy under physical
(ergometrictest) or pharmacol ogical (dipyridamole) stress
isan important diagnostic method, often employed in the
medical practicefor thediagnosisof conventional coronary
disease. Several reportsin literature have shown a high
sensitivity of thismethod, attaining even values of more
than 90%, especially in patients with proximal coronary
lesions. The choice of physical or pharmacological stress
hasto take into consideration the individual’sfitness for
exercising, preferably toamaximum, totrigger myocardial
ischemiathat can be detected by imaging. Inthisanalysis,
we chose to use exercise scintigraphy for the purpose of



Arq Bras Cardiol
2001; 76: 36-42.

studying the chronotropic response of these patientsto
exercise. Pharmacological stresswasindicated for those
patients who had exercise limitations or had a permanent
pacemaker. Inour study, thesensitivity of thistest was40%
anditsspecificity was96%, val uesthat arelower thanthose
found by other groups who used pharmacological dipyri-
damolestressand found a60to 70% diagnostic sensitivity,
according to the series of patients12*4, Thefact that the
patientshad amajor decreasein the chronotropic response
dueto the posttransplant denervation, which can beshown
by theinability toreachmaximum heart rate, couldexplainin
part the low sensitivity of the method. Another important
aspect to consider isthefact that the pattern of thevascular
disease of the graft isfrequently diffuse and affectsthe
distal part of thevessels, leading to the so-called balanced
ischemia, which may bedifficult to detect by imaging diag-
nostic methods that compare the differencesin radioiso-
tope uptake by the different regionsof the heart. Thediag-
nostic method becomes more sensitive as the maximum
stressfor thetriggering of ischemiaisattained, anditispos-
siblethat, inthisspecific population, the use of myocardial
dipyridamole scintigraphy could show better diagnostic
sensitivity values.

The use of dobutamine stress echocardiography for
the diagnosis of coronary disease hasincreased over the
last few years and is based on the concept that high and
progressive doses of dobutamine have an influence onthe
increase in heart labor, due to the positive inotropic and
chronotropiceffects. Sotheischemiceventsaretriggered as
the heart rate increases. The sensitivity of this method for
conventiona coronary diseasevaried from 80%to 95%, ac-
cordingtotheseries, being more sensitivefor thedetection
of ischemiasrelated to the anterior descending and the
right coronary arteries and less sensitivein the region of
the circumflex artery 442, Asfor the detection of vascular
diseaseof thegraft after cardiac transplantation, theresults
aredtill controversial. Speset al. “ obtained a79% sensiti-
vity and an 83% specificity withthismethodinthedetection
of vascular disease of the graft, and Derumeaux et al. +
found an 86% sensitivity and a 95% specificity in their
series. Inour study, the diagnosti ¢ sensitivity was 63% and
the specificity was 91%, with all patientswho had the test
done reaching maximum heart rate, thus characterizing an
effectivetest. These patients, however, had normal ventri-
cle function and no segmental hypocontractility on echo-
cardiography at rest during theinclusion period of the stu-
dy and, when this subgroup of patientswas analyzed in
other studies, alower sensitivity wasobserved aswell, simi-
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lar to the onewefound. Another aspect that may influence
theanalysisof thediagnostic methodsbased on qualitative
rather than quantitativecriteriaisthe observer’sexperience,
which makesit desirablethat the analysisbe performed by
two observersand, on request, by athird one, if any diag-
nostic disagreement occurs between the first two ob-
servers. Lately, studiesare under way in coronary patients
to assess the impact of the findings of dobutamine stress
echocardiography on the prevention of cardiac events su-
chasheart failure, unstableangina, acutemyocardial infarc-
tion, retransplantation, and death of cardiac origin. Negative
test findings were related to agood prognosisin several
studies, suggesting that this diagnostic method may help
identify patients with afunctionally important coronary
diseaseand at risk of suffering someeventinthefuture**,
I'n patients who underwent cardiac transplantation this
concept isnot yet well established. Inthisstudy, whentwo
diagnostic methods (stressechocardiography and myocar-
dial scintigraphy) are analyzed together, considering the
test as positive whenever at |east one of thetestswas alte-
red, diagnostic sensitivity increasesto 71%. Withthepossi-
bility of differentiating patientsat higher risk for coronary
events, especially in sel ected groupsof patients, the use of
these noninvasive diagnostic methods may become an
effective option in the attempt to replace periodic angio-
graphic evaluation in patientswho undergo cardiac trans-
plantation, but further studieswith long-term follow-up
areneeded to confirmthisproposition. In spiteof itslower
cost, the associ ation of thetwo methodsstill carriessome
doubts regarding the therapeutic proceduresto be pro-
posed, yet signs are present indicating that normal tests
and normal ventriclefunction may be predictiveof agood
prognosis.

Limitations of the study — The small number of pa-
tients (15) with angiographic documentation of their di-
seaseisalimitingfactor for theanalysisof theresultsof the
noninvasive diagnostic methods, therefore requiring fur-
ther studiesto obtain more accurate predictive valuesfor
theempl oyed diagnostic methodsand for the confirmation
of our results.

Additional information obtained fromintravascular
ultrasound could be useful for the detection of endo-
thelial dysfunction occurring early in the postoperative
period of transplant and might counteract the underes-
timation of lesions by angiography; yet, itshigh cost and
thelack of documented knowledge of itstrue prognostic
value havediscouraged itsusein theroutine handling of
patients.
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