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Objective — To evaluate and compare the usefulness
of cineventriculographies, before and after nitrate use, to
technetium-99m sestamibi scintigraphy for the identifi-
cation of myocardial ischemia.

Methods — Twenty-six patients were studied at basal
conditions and 5 minutes after intravenous administration
of isosorbide mononitrate (0.3mg/kg), to evaluate the per-
formance and regional wall motion of the left ventricle
(LV). The results were compared to those obtained with te-
chnetium-99m sestamibi scintigraphy.

Results — Before nitrate, contrast ventriculography
identified 30 normal segments, 62 hypokinetic segments,
28 dyskinetic segments, and 14 akinetic segments. After
drug administration, 99 segments were normal, 11 hy-
pokinetic, 11 dyskinetic, and 13 akinetic. Myocardial
scintigraphy revealed 110 ischemic segments and 18
fibrotic segments (p<0.005). After drug administration,
the ventriculography showed increase in the velocity of
circumferential fiber shortening (p=0.0142), the ejection
fraction (p=0.0462), decrease in the end-systolic volume
(p=0.0031) and no change in end-diastolic volume.

Conclusion — Contrast ventriculography using
nitrate proved to be similar to perfusional myocardial
scintigraphy in the identification of myocardial ischemia.

Keywords: myocardial ischemia, myocardial scintigra-
phy, contrast ventriculography

Faculdade de Medicina da Universidade Federa do Rio Grande do Sul — Porto Alegre
Mailing address: Wadomiro Carlos Manfroi - Rua Ramiro Barcelos, 2350 — S/206
- 90035-003 - Porto Alegre, RS - Brazil

Studies performed in research laboratories causing
acute occlusion of onebranch of the coronary arterial tree
have contributed decisively to increase the knowledge of
the pathophysiology of myocardial infarction (MI). The
time course of coronary occlusion necessary to produce
ischemia signs reduction of myocardial contractility, and
signs of definite functional loss of an impaired areahave
been identified *2. Other studies have shown that changes
inmyocardial functionwerereversibleaslong asthecoro-
nary flow wasreestablishedintime. Inthese studies, it was
also possibleto demonstrate that the period of time neces-
sary for recovery was proportional to the period of time of
coronary occlusion 34,

Thisnew knowledgeallowed theidentificationinthe
evolutional phase of MI of necrotic and ischemic areas.
Applied to human pathophysiology, it has allowed the
introduction of new pharmacol ogical therapeutic procedu-
res and mechanical assistance with the purpose of rever-
sing ischemiaand reducing theinfarcted areas®.

Theintroduction of percutaneoustransluminal coro-
nary angioplasty (PTCA), initially for thetreatment of angi-
napectoris’, andlater asamethod for recoveringischemic
areasin patientswith M18, haditsindicationbased onthese
pathophysiological principles. Itstherapeutical success
depended oninvasive and non-invasivelaboratory metho-
ds, which wereincreasingly morereliablefor theidentifi-
cation of myocardial ischemia, and also onthe definition of
improved therapeuti c management.

Duringthe1970s, after severa clinica and experimental
studies proved that nitroglycerinimproved coronary flow
toischemic areas, the nitrates began to be used during he-
modynamic and cineangiocardiographi c studiesenabling
thedistinction between fibrotic and i schemic areas, throu-
gh the analysis of two ventriculographies, one before and
theother after drug administration *23, Although efficient,
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thismethod was not kept as part of the diagnostic routine,
being replaced by other non-invasiveinvestigation proce-
dures. Among the procedures used with growing frequen-
cy arethosethat show myocardia perfusion by imaging,
suchasperfusional myocardial scintigraphy, radionuclide
ventriculography, positron emission tomography, stress
echocardiography and Holter monitoring 42,

Technetium-99m (Tc-99m) sestamibi scintigraphy has
been used for the detection of myocardial ischemiaand cel-
[ular viagbility. Carvalho et a  showed that theintracel lular
concentration of the isotope occurs by passive diffusion
between the plasmaand the mitocondria, dueto the nega-
tivechargesacrossthe membrane.

Although theliterature showsthe superiority of thal-
lium-201inrelationto Tc-99m sestamibi intheidentification
of viablemyocardium, the sensitivity and specificity of the
markersare superimposablein thedetection of myocardial
ischemiainclinical practice. Thephysical characteristicsof
Tc-99m (photopeak of 140 keV, half-life of 6 hours) allow
better tomographicimaging (SPECT —singlephotonemis-
sion computed tomography).

Coronary angiography is considered the gold stan-
dardfor thediagnosisof atheroscleroticischemic heart di-
sease. However, itisnot capabl e of identifying the presence
or extension of myocardial ischemiaduring stress, suchas
physical exercise or pharmacological stimulis. The expe-
rience obtained over the years has shown that the compa:
rison of regional wall motion and performance of the left
ventricle (LV) by means of two ventriculographies, one
before and the other after the sublingual administration of
nitrates, isauseful method for identifying myocardial is-
chemia®3, Recently, with the use of intravenousinjection
of isosorbide mononitrate, it hasbeen possibleto demons-
trate that the drug improves the regional wall motion of
almost all the hypokinetic segments, the mgjority of the
dyskinetic segments, and does not improve the motility of
akineticsegments?,

Considering that coronary angiography and ventricu-
lography are essential for the anatomical and functional
diagnosisof coronary circulation, if themethod showssen-
sitivity equiva ent to that obtained by myocardia scintigra-
phy, the identification of ischemic myocardium during
catheterization savestimeand money inthedetermination
of therapeutical management in someemergencies.

Thisiswhy we undertook this study. Our aim wasto
analyzethepossibility of identifying theischemic myocar-
dia segmentsof LV visualized by myocardial Tc-99m ses-
tamibi scintigraphy by using two ventriculographies, one
beforeand another after theintravenousadministration of
nitrate. Weal so compared the sensitivity and specificity of
thetwo methodsfor the detection of myocardial ischemia

Methods

This study was carried out at the catheterization
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laboratory and at theNuclear MedicineUnit of theHospital
deClinicasdePorto Alegre, School of Medicineof theUni-
versidade Federal do Rio Grandedo Sul. Theanalysiscom-
prised twenty-six patients of both sexes, with and without
previousMI, referred for cardiac catheterization and coro-
nary angiography due to symptomatic ischemic heart di-
sease, documented by non-invasive methods. Diabetic
patients, those with valvular heart disease alone or asso-
ciated with myocardia hypertrophy, and those who could
not discontinue the use of nitrates 24 hours prior to any of
theprocedureswere excluded.

After beinginformed about the nature of the procedu-
re, itsrisks, thereasonfor theinvestigation, anditsadvan-
tagesinregard tothe best therapeutical choice, the patients
signed aconsent formfor the procedureand research. This
formexplained that during theroutinediagnostic procedure,
two ventricul ographies would be performed, one before
and another after theintravenousadministration of isosor-
bidemononitrate (0.3mg/kg), and that the procedurewould
be useful in choosing the therapeutical management to be
adopted following theexamination. It al so explained that the
drug used wassimilar to the one administered sublingual ly
torelieveanginapectoris. It wasal sowritteninthe consent
formthat thisdrug had already been usedin 108 patientsin
the samelaboratory, and none of them experienced severe
headache, hypotension, or allergic reaction. Onthe day of
theexamination, the patientswereadmitted tothe Pre-Ca-
theterization Unit, wherethey wereinterviewed and asses-
sed by amedical resident and aresearch associate, through
agpecifically explained protocol, whichalowed theanalysis
of multipleother variablesrelated toischemic heart disease.

The hemodynamic and cineangiocardiographic pro-
cedure, dwaysperformed by theresearch coordinator, com-
prised | eft cardiac catheterization through dissection of the
right brachial artery at the cubital fossaor through apunc-
tureof thefemoral artery at therightinguinal region, under
local anesthesiawithlidocaine 2%.

Initially, thepressuresintheaortaandintheLV were
measured. A contrast ventriculography in right anterior
oblique (RAO) view at 35° was then performed with the
injection of 36ml of the contrast medium meglumineamido-
trizoate (Urografina370). Thiswas achieved by means of
Contract I injector, at aspeed of 15ml/s, through aL eh-
mann or Pigtail catheter, according tothe procedure’ spro-
gramming. Then thepatient remained at rest and the pres-
suresintheaortaandintheLV werecontinuously monito-
red until they reached the conditions observed prior to the
ventriculography. At thistime, i sosorbide mononitratewas
intravenously injected at adose of 0.3mg/kg, for 30s. Five
minutesafter theinfusion, thepressuresintheaortaandin
theLV weremeasured again and anew contrast ventricul o-
graphy, at the same projection, wasperformed. The proce-
dure continued with the sel ective study of the coronary ar-
teries according to the techniques of Sones? or Judkins?,
according to established planning for the procedure.

Throughtheanaysisof contrast ventriculography, the
following variableswerecd culated: end-diastolic(EDV) and
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end-systolic (ESV) ventricular volumes; LV gectionfraction
(EF); meanvdocity of circumferentid fiber shortening (CFS);
and the percentage of shortening of the cardiac hemiaxes
(R1R6, R2R5, and R3R4). Thiswasperformedthroughtheuse
of already established methods®*%. The alterations of the
segmentary motility observed beforeand after theuse of the
drugweremadeaccordingtoHermanetal. %,

The change in regional wall motion observed by
contrast ventriculography before and after the use of the
drug were compared to the findings of the scintigraphy.
SPECT wasawaysperformed by aspecialist and atwo-day
protocol wasused, withaninterval of 24 hoursbetweenthe
stress and rest exams. The stress consisted of an exercise
test onbicycleergometrer and administration of 20-25mCi of
Tc-99m sestamibi at the peak of the exercise (heart rate
>85% of theexpected). Another type of stressappliedwas
thepharmacol ogical stimuluswithintravenousinfusion of
dipyridamole (0.56mg/kg), for 4 minutes, and Tc-99m
sestamibi infusion at the 7" minute, according to already
established standards ***. The scintigraphy began 30-60
minutesafter the stressand 60 minutesafter injectionat rest,
with a snack between the infusion and acquisition of
images. Thetomographicimages (SPECT) wereobtained
withalarge-field gammacamera, with 64 photomultipliers
(GE Starcam, Milwaukee, Wisconsin, E.U.A.), high-resolu-
tionparallel collimator for low energy, with energetic peak
centered at 140 keV and with a 20% window, previously
checked for uniformity of the detector and rotation center.
The study consisted of 64 projections of 20 seconds each,
inal80° arch, beginninginaRAOview of 45°, andendingin
aleft posterior oblique(L PO) view of 45°, witha64X 64 ma-
trix. Image processing involved reconstruction obtainning
6mm thick tomographic slicesat the short, horizontal and
vertical long axes, and also semiquantitative analysis
through polar maps.

The comparative study between the two methods of
assessing myocardial ischemiawas carried out in the pa-
tients who had undergone prior scintigraphy or who had
undergonescintigraphy after cardiac catheterization, asa
method necessary for eval uating the presence of ischemia,
inorder to definethetherapeutical management. No patient
underwent hemodynamic or cineangiocardiographic study
or myocardial scintigraphy just totake partintheresearch
protocol.

The study comprised only the LV segments assessed
through contrast ventriculography in RAOview. They are:
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apicd, anterolateral, anterobasal, digphragmatic, and poste-
robasal segments. The septal segments analyzed by myo-
cardial scintigraphy were excluded because this areawas
not analyzed in the projection used to obtain the contrast
ventriculography.

The statistical analysiswas performed through the
Statistical Packagefor Socia Science(SPSS) program, using
multivariate analysis and logistic regression to reduce
confounding factors.

Results

In the contrast ventricul ographies of the 26 patients,
the five already mentioned segments were compared in
regard wall motion changes after the isosorbide mono-
nitrate administration. In the apical segment, before drug
adminigtration, theresultswere: 1 normd, 6 hypokineticand
19 dyskinetic segments. After drugadministration, 15were
identified asnormal segments, only 3ashypokinetic,and 8
asdyskinetic (p=0.0003). Intheanterobasal segment, before
theisosorbidemononitrateadministration, theresultswere:
13normal, 12 hypokinetic, and 1 akinetic segment. After the
drug administration, 24 ssgmentswereidentified asnormal
and only oneashypokinetic, and theonethat was akinetic
prior to drug use, remained so (p=0.0033). I n the postero-
basal segment, beforedrug administration, theresultswere:
7 normal, 14 hypokinetic, and 5 akinetic segments. After
drug use, 19 segments were normal, 2 hypokinetic, 1
dyskinetic, and 4 akineti c; among these segments, onethat
wasfirst characterized as akinetic, turned into dyskinetic
(p=0.0015). Intheanterolateral segment, at basal conditions,
theresultswere: 2 normal, 15 hypokinetic, 8 dyskinetic, and
1 akinetic segment. With the use of the drug, there were
aterations: 20 normal, 3 hypokinetic, 2 dyskinetic, and 1
akinetic segment (p=0.0001). I nthediaphragmatic segment,
prior to drug administration, theresultswere: 7 normal, 15
hypokinetic, 1 dyskinetic, and 3 akinetic. After drug admi-
nistration, theresultschanged: 21 normal, 2 hypokinetic,
and 3 akinetic segments(p=0.001) (tablel).

When compared with contrast ventricul ography after
drug administration, scintigraphy confirmed the same
results. Among the segmentsanalyzed fromthe 26 patients,
99 revealed normal motility in ventricul ography and 110
presentedischemic characteristicsinscintigraphy. There-
maining segmentsthat reveal ed evidence of necrosisinthe
contrast ventriculography comprised 11 hypokinetic, 11

Table I — Characterization of the sample in relation to ventriculography, when compared before and after the use of isosorbide mononitrate

Segment Normal Hypokinetic Dyskinetic Akinetic Normal Hypokinetic Dyskinetic Akinetic
N % N % N % N % N % N % N % N %

Apical 1 3.8 6 23.1 19 73.1 - - 15 57.7 3 115 8 30.8 - -

Anterobasal 13 50 12 46.2 - - 1 3.8 24 92.3 1 3.8 - - 1 3.8

Posterobasal 7 26.9 14 53.8 - - 5 19.2 19 73.1 2 7.7 1 3.8 4 15.4

Anterolateral 2 7.7 15 57.7 8 30.8 1 3.8 20 76.9 3 115 2 7.7 1 3.8

Diaphragmatic 7 26.9 15 57.7 1 3.8 3 115 21 80.8 2 7.7 - - 3 115
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dyskinetic, and 8 akinetic, whilein scintigraphy 18 segmen-
tsalso presentedfibrosis (p=0.041; Sensitivity (Se)=81%;
Specificity (Sp)=64.29%). When scintigraphy and ventricu-
lography were compared specifically by each segment, the
posterobasal segment presented statistically significant
results. Inregardto thissegment, fromthe 19 casesidenti-
fied asischemic by ventriculography, 15 were confirmed by
scintigraphy. Seven patients presented necrosis by ventri-
culography; seven patients al so presented necrosisin
scintigraphy (p=0.0012; Se=73.68%; Sp=100%) (fig. 1).
The other variables studied a so confirmed the effi-
cacy of thedrug. CFSintheperiod prior todrug administra-
tion showed a mean value of 0.8572, which changed to
1.0612 after thedrug administration (p=0.0142) (fig. 2). EF
changed from amean value of 48.82% to 53.04% after the
end of theexperiment inthe 26 cases(p=0.0462) (fig. 3). ESV
showed a mean value of 54.22 prior to medication; it
decreased to45.20 after the administration of theisosorbide
mononitrate (p=0.0031) (fig. 4). EDV did not show asigni-
ficant differencein regard to drug administration; itsmean
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Fig. 1—Result of the comparison of methodsfor the posterobasal segment. The equiva-
lence between the methods (scintigraphy, in red, and contrast ventriculography, in
blue) isdemonstrated, before and after the use of i sosorbide mononitrate, to identify
viableischemiaor fibrosis (necrosis). Among the segments analyzed, the posterobasal
segment had statistically significant values (p=0.0012; Se=73.668%; Sp=100%).
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valueprior todrugadministrationwas 106.89, and after drug
adminigtrationitwas100.46 (p=0.1014).

Thevaluesthat characterizethe percentage of thehe-
miaxes shortening in relation to systole and diastole were
gatigtically significant at R2R5 and R3R4, but not at R1R6.
The mean values of R2R5 in the 26 cases were 29.94 and
34.38, before and after drug administration, respectively
(p=0.000). For R3R4, theva ueswere27.26 and 32.35, before
and after drug administration, respectively (p=0.037) (fig. 5).

Discussion

The identification of myocardial ischemiaplaysa
significant rolein the choice of pharmacological or inter-
ventional therapeutical management. Morethan 200 years
ago, prior to the appearance of the revascularization me-
thods, nitrates were effectively used for the treatment of
ischemic clinical manifestations®**=’. Withthetechnological
conditionsexisting sincethe 1950s, it wasinitialy proved
that nitratesreduced pre- and afterload and, consequently,

BEFORE AFTER

Fig. 3—Mean giection fraction in relation to the use of the study drug. It showsthe
statistically significant variation in the g ection fraction, when compared before and
after the use of isosorbide mononitrate (p=0.0462).

BEFORE AFTER

Fig. 2—Mean velocity of circumferential fiber shorteningin relation to the use of the
study drug. It shows the statistically significant variation in the velocity of
circumferential fiber shortening, when compared before and after the use of isosorbide
mononitrate (p=0.0142).

BEFORE AFTER

Fig. 4—Variationin the end-systolic volumein relation to the use of the study drug.
It shows the statistically significant variation in end-systolic volume, when
compared before and after the use of isosorbide mononitrate (p=0.0031).
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Fig. 5 — Percentage of shortening of the hemiaxes. It shows the statistically
significant increase in the shortening of cardiac hemiaxes, which are determined in
systole and diastole, after nitrate infusion (yellow) drug (R2R5 p=0.000 and R3R4
p=0.0037).

thecardiacwork, being responsiblefor theimprovement of
the patient’ ssymptoms. Later, with new equipment, other
morerecent studieswidened theknowledgeof nitrateaction
mechanisms in myocardial ischemia. Among them, we
distinguish their confirmed vasodilating action on the
coronary arterial tree, their direct effect onflow distribution
toischemicareasand onthecollateral coronary circulation
9,21.38,39_

Inthe 1970s, with the need to identify the presence of
myocardial ischemia, asaparameter for the indication of
revascul arization, nitroglycerin beganto be usedin hemo-
dynamiclaboratories, withthesamepurpose. In 1974, using
two ventricul ographies, one before and another after the
use of nitroglycerin, Dove et a *° showed that the method
allowed the differentiation between myocardial ischemic
and fibrotic areas. This technique provided proof that the
segments, whose motility improved after theuse of nitrate,
werea sotheonesthat improved after myocardial revascu-
larization 3%,

Our experienceintheinvestigation of nitrateeffectson
circulationand ontheheart datesfromthe 1970s. With the
first studies, we had the opportunity toverify that nitrogly-
cerindid not havethe same effectson cardiac performance
in the different forms of heart disease. Even though the
drug caused similar effects on the pulmonary circulation,
systemiccirculation, and heart rate, eitherinnormal indivi-
dual sorinthosewithischemicheart disease, valvular heart
diseasesor primary cardiomyopathies, it only improved LV
performancein patientswith ventricular dyssynergiadue
to coronary obstruction. In other studies***®, we showed
that al nitrates, although having small differencesintheir
pharmacodynamic properties, normalizedwall motion of the
hypokinetic segments, improved themajority of the dyski-
netic segments, and did not alter themotility of theakinetic
segments. Based on these findings, we started to use the
method to choose the appropriate therapeutical manage-
ment. Currently, duetotheintroduction of multiple catheter
based myocardial revascul arization procedures, theiden-
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tification of myocardial ischemiabecameapoint of funda-
mental importance in the choice of the most adequate
therapeutical management. The need for a better unders-
tanding of myocardial conditionsinischemic heart disease
gained great support through the development of more
efficient methods to evaluate myocardial conditions.

Among them, wehighlight perfusiona myocardial thallium-
201 scintigraphy and Tc-99m sestamibi with SPECT and,
morerecently, theutilization of stressechocardiography, all

very useful toolsto evaluate the presence of myocardial

ischemia*#.In 1995, Bisi et a ®introduced thenitratesto
evaluatemyocardial ischemiathrough perfusional myocar-
dial scintigraphy with Tc-99m sestamibi. Inthisstudy, the
authorsfound that the segmentsthat improved the uptake
after theadministration of nitrateswerethosethat showed
an improvement regional wall motion after myocardial

revascul arization. Although these studies employed dif-
ferent equipment, they led to thesameconclusionsasDove
et d “andHelfanteta *,inthe 70s, and al sotoresultssimi-
lar to oursin the present study.

Contrast ventricul ography identified, at basal condi-
tions, 30 normal, 62 hypokinetic, 28 dyskinetic, and 14
akinetic segments. After isosorbide mononitrateadministra-
tion, 99 segmentswerenormal, andtherewereonly 11 hypo-
kinetic, 11 dyskinetic, and 13 akinetic segments. Fromthe 14
akinetic segments, only oneimproved motility after nitrate
use, whilethe others remained unaltered. The analysis of
myocardia scintigraphy of thesameareasshowedthat 110
segmentshad characteristicsof ischemiaand 18 of necrosis.
These data confirmed the results obtai ned with the seg-
mentsthat improved motility after nitrate use.

The analysis of the assessment of LV performance
showed that the hemiaxes R2R5 and R3R4 significantly
shortened, and CFS and EF improved after nitrateuse. In
thispresent study we can statethat nitrate useidentified the
myocardia segmentsthat improvedtheir motility, andthese
segments were identified by myocardial scintigraphy as
ischemic myocardial segments. Thisdoes not allow usto
suppose that left ventriculography with nitrate use will
replace myocardial scintigraphy, becausethesearedistinct
methods of evaluation.

However, withtheresultsobtainedinthe present study,
consideringthesizeof thesampleand themethodol ogy adop-
ted, we conclude that using isosorbide mononitrate intra-
venoudy wecanidentify thepresenceof myocardid ischemia
through contrast ventricul ography, with the sameefficiency
observedwiththemyocardial perfusion scintigraphy.

Thisfinding hassignificant practical consegquences. It
can speed the therapeutic decision making and reduce the
number of to tests, which the patients haveto undergo.
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