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Summary

Background: Nitratesarewidely used for the trestment of
myocardid infarction (MI). The large megatrials (GISSI-3
and 1S1S-4) did not in fact demonstrate asignificant decrease
in mortality in the nitrate-treated group. However, examina-
tion of the number of postinfarction angina episodes and the
occurrence of cardiogenic shock inthe GISSI-3 study did re-
vedl significant decreases.

Hypothesis: It was hypothesi zed that chronic nitrate treat-
ment after an M| preserves|eft ventricular systolic and/or dias-
tolicfunctions.

Methods. Patientswere divided into two groups. thosere-
ceiving chronic nitrate trestment for 6 monthsafter anMI (n=
30), and those without such treatment (n = 29). Echocardi-
ography was performed 3, 14, 42, and 180 days after thein-
farction. The changesin early diastolic and atrial contraction-
related mitral valveinflow pattern and decel erationtimewere
assayed. Alterations in systolic, diastolic, and atrid reverse
flow velocitiesinthe pulmonary vein were measured, aswere
gection fraction (EF), the number of registered angina epi-
sodes, and the maxima ST-segment depressionin responseto
thestresstest.

Results: During the 6-month study period, theincreasein
systolic pulmonary venous flow velocity was significantly
larger inthenitrategroup thaninthecontrols. Thedecreasesin
the velocities of the diastolic and the atrial reverse flow were
aso more pronounced in the nitrate group thanin the controls.
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The EF wasimproved only in the nitrate group. Examination
of the maximal ST-segment depression in response to the
stress test revealed a significant decrease in the nitrate group
only. There were no significant differences between the two
groupsin the number of registered angina episodes or mitral
inflow pattern.

Conclusions: The study showed that prolonged nitrate
treatment after an M1 may help preserve diastolic lft ventric-
ular function.

Key words: nitrate, myocardid infarction, diastole, pulmon-
ayvens

Introduction

The administration of nitrate compoundsfor thetreatment
and prevention of angina pectoris has been known for more
than 100 years. The vasodilatory effects of such compounds
are more pronounced on the venous system. Consequently,
they reduce prel oad more substantialy than afterload. Theva
sodilatory effectslead to reductionsin (1) left ventricular (LV)
filling pressure, (2) dilatation of theventricle, and (3) systolic
wall tension.! These hemodynamic changesresult in reduced
energy and oxygen demands of the myocardium and improve
the subendocardia blood flow. When administeredin an acute
myocardia infarction (MI), the nitrates reduce pulmonary
congestion, complaintsabout dyspnea, and arterid blood pres-
sure, and smultaneously increase cardiac output.2° Conse-
quently, nitrates are widely used for the treatment of Ml in
forms ranging from sublingual to transdermal and intrave-
nous.5-8 Two large multicenter studies, Gruppo Itaiano per lo
Studio dellaSopravvivenzand!’ Infarto Miocardico (GISSI-
3) and the Fourth International Study of Infarct Survivd (ISIS-
4), dealt with the effects of nitrates on mortality following
MI.% 10 Thesetwo megatrias, infact, demonstrated no signifi-
cant decreasein mortdity inthenitrate-treated group; merely
asmall decreasewasnotedin 6-week mortdity, which did not
reach aleve of significance (for 1,000 patients, this decrease
was2.1in1S1S4, and 3.9in GISSI-3). However, examination
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of thenumber of postinfarction anginaepi sodesand the occur-
renceof cardiogenic shock inthe GISSI-3 study did reved sig-
nificant decreases(p=0.03and p=0.009, respectively). These
datamay beindicative of the advantageous effects of nitrates
inpatientspogt infarction.

During the development of theischemic cascade, damage
to the diastalic function precedesthe onset of theimpairment
of the systolic function.! Consequently, identification of im-
paired diastolic and systolic functions has been considered to
be an important prognostic factor in heart disease.’2 For as-
sessment of diastolic function, the most appropriate tech-
niqueistraditional Doppler echocardiography, by virtueof its
ready availability and simplicity. The principle of “ diastolo-
gy” wasinitiated morethan adecade ago, and large numbers
of studies have been performed with the aim of determining
diastolic function with the aid of Doppler echocardiogra-
phy.13-17 A characteristic echocardiographic sign of diastolic
dysfunction isadecreasein the E wave (passivefilling), and
an increase in the A wave (atria contraction) of the mitral
valve inflow, which result in a decreased E/A ratio. Besides
theseaterations, aprolongation of thedecelerationtime (DT)
has been reported. The Norwegian Tromso study, which was
based on more than 3,000 examinations, concluded that de-
terminationsof E/A and DT are not suitablefor the diagnosis
of diastolic dysfunction.!® However, comparison of thevalues
observed for the same patient at different times may reved
changes in diastolic function. On the other hand, Garcia et
al.1® found that conventional echocardiographic parameters
(E, A, and E/A), together with certain complementary param-
eters(e.g., pulmonary venousflow vel ocities and i sovolumet-
ric relaxation time) can be reliable indicators of diastolic
function. Most normal adult patients have a prominent sys-
tolic (S) versusdiastolic (D) pulmonary venousflow vel ocity
and aratio of /D >1. In patients with elevated LV filling
pressure, severe mitral regurgitation, or reduced LV compli-
ance, thereisadecreasein Sflow and anincreasein D flow.
This typical pattern, in addition to high atrial reverse (AR)
flow vel ocity, has been used to differentiate between normal
and pseudonormal transmitral Doppler filling.16.20

Since the data available on clinical effectiveness of pro-
longed nitrate treatment in stable patients post infarction are
conflicting,® 19 aclinical study was organized to characterize
theeffectsof prolonged transdermal nitratetrestment on (1) di-
agtolic and systolic LV functions eva uated by echocardiogra:
phy and (2) various other clinical parameters (blood pressure,
heart rate, number of anginaepisodes during the trestment pe-
riod, andmaximal ST depressionin responsetothestresstest).
Theaim of the study was to examine whether chronic nitrate
trestment in stable patients post infarction is associated with
any improvement intheseclinica endpoints.

Patients, Materialsand M ethods
Ptients aged between 18 and 85 years, with adiagnosis of

MI and who werein stable clinica condition, were enrolled
in the study. Enrollment was carried out between March 1,

2000, and October 31, 2000. Thediagnosis of M1 was based
on troponinT (Qudlitative, Roche Diagnostic Corporation,
Indianapolis, Ind., USA) positivity and the presence of at least
two of the following conditions; (1) Chest pain lasting for
>20minand no reaction to sublingual nitrate; (2) creatineki-
nase (CK) and/or CK-MB leve increaseto morethan double
the upper limit of normal range; (3) ST elevationof =1 mmin
at least two connected standard | eads (representing the same
areq), or of =2mmiin at least two thoracic leads; and (4) de-
velopment of anew left bundle-branch block.
Patientswereregarded asclinicdly stableif (1) therewere
no recurring angina episodes, (2) there was no pulmonary
congestion, (3) no invasiveintervention was planned, and (4)
blood pressurewasin the range 100-150/65-90 mmHg. The
exclusion criteria were as follows: (1) chest pain requiring
sublingual nitrate within 14 days of the onset of MI; (2) pul-
monary congestion requiring diuretic treatment; (3) a cor-
onary intervention (percutaneous coronary intervention or
aortocoronary bypass surgery); (4) severe hypotension or hy-
pertension; (5) right ventricular infarction; (6) intolerableside
effects in response to nitrate (headache or dlergy); (7) the
presenceof aclinically significant aortic or mitra insufficien-
cy; and (8) molsidomine treatment. During the 8-month en-
rollment period, 92 patients were screened for digibility for
inclusion. In 33 cases, conditions necessitating exclusion
were observed (in 8 cases, recurring anginawithin thefirst 2
weeks after theinfarction; in 6 cases, pulmonary congestion
requiring diuretics; in 7 cases, coronary intervention; in 2 cas-
es, severe hypotension; in 3 cases, severe hypertension; in 5
cases, intolerablenitrate-induced headache; andin 2 cases, ni-
trate-related skindlergy). Findly, 59 patientswereenrolledin
the study and the data on these cases have been analyzed. All
patients received intravenous nitroglycerin within thefirst 48
h after theinfarction. Two therapy groupswere then formed:
one(thenitrate group, comprising 30 patients) received trans-
dermal nitroglycerin trestment (0.2 mg/h) for 6 monthsfrom
Day 3 &fter theinfarction. Theother group wasregarded asthe
control group (consisting of 29 patients) and received nitrate-
freetreatment for 6 months after Day 2 of the M1 (sublingual
nitratewas alowed at the onset of anginain both groups). To
avoid the development of nitrate resistance, the patchwasap-
pliedat 7 A.M. and wasremoved a 7 PM. each day (except
on thedays of the visits, when the patch was employed after
the examinations). All concomitant treatments with aspirin,
beta blockers, and angiotensin-converting enzyme (ACE)
inhibitors corresponded to the usua clinica practice, and
therewas no significant difference between thetwo groupsei-
ther at basdlineor at theend of the study (Tablel). During the
randomization period, patients who received odd numbers
were enrolled into the nitrate group, while those with even
numbersentered the control group. Beforerandomization, al
patientsprovided their written consent to the study, whichwas
performed with the approval of thelocal Ethics Committee.
The study visits were performed on Days 3, 14, and 42 (£ 2
days) and at 6 months (+ 2 weeks) following the infarction
(Visits 1, 2, 3 and 4, respectively), and included a detailed
physical examination, a 12-lead electrocardiogram (ECG)
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TaBLE | Concomitant medicationinthetwo groups (% of patients)
BB ACE-| Angllb ASA Diuretics CAA AC Statin

Basd treatment

Nitrategroup 20 87 7 73 37 10 10 30

Control group 93 83 7 79 34 10 14 34
Treatment a the end of the study

Nitrate group 0 82 5 70 33 8 8 26

Control group 93 83 5 79 30 10 12 30

Abbreviations: BB = betablocker, ACE-I = angiotensin-converting enzymeinhibitor, Angllb = angiotensin |1 receptor blocker, ASA = aspirin,

CAA = cadciumantagonist, AC = oral anticoagulant.

and Doppler echocardiography. TheE and A wavesof themi-
tral inflow aswell asDT weremeasured by continuous-wave
Doppler echocardiography (at al four visits). Moreover, pul-
monary venous flow velocities (pulsed-wave Doppler) and
gection fraction (EF) were also determined. Wall motions,
cavity diameters, and valve functions were established ac-
cording to the usua clinica practice. Two independent ex-
perts performed echocardiography without knowledge of the
treatment of the patient (single-blinded), using an HP (Hew-
lett-Packard Co., Andover, Mass., USA) SONOS 2000 de-
vice equipped with a2.5 MHz transducer. Theresults of the
two examinationswere averaged and used for further evalua-
tion. Themeanintra- and interobserver differences+ standard
deviation (SD) of the measurementswere asfollows: (1) EF
—0.30£2.29 and —0.76 £ 3.65%, respectively; (2) Swaveof
the pulmonary flow 0.20+ 2.33 and 0.40 £ 5.87 cn/s, respec-
tively; and (3) D wave of the pulmonary flow: —0.95+ 2.25
and 1.45 + 5.30 cm/s, respectively. The Doppler samplevoal-
umewas situated caudally to the mitral annulus, betweenthe
tips of the mitral leaflets, where the peak inflow velocity in
early diastole wasrecorded. Decel eration timewas measured
as the time between the peak E wave and the deceleration
dope extrapolated to the baseline. Pulmonary venous flow
recordingswere obtained from the four-chamber view direct-
edtotheright upper pulmonary vein. Thesamplevolumewas
obtained 1-2 cm into the pulmonary vein. The modified bi-
plane Simpson formulawas administered to define EF2X No
automatic border detection was used for the measurements.
All examinationswere performed between 10and 12 A.M.

Exercisetestswere performed during Visits2 and 3, witha
Marquette (ACU 002C Milwaukee, Wisc., USA) treadmill.
Thefirgt test was carried out according to the Naughton proto-
col (asisusua with early infarctions—Day 14), and the sec-
ond test according to the Bruce protocol 22 Both testswere car-
ried out between 10 and 12 A.M., without interrupting the
concomitant medical therapy and without knowledge of the
treatment of the patient (single-blinded). ST segment depres-
sion was measured automatically on averaged QRST com-
plexes. No patient had aleft bundle-branch block or atria fib-
rillation during the study.

All patientsrecorded the number of anginaepisodesrequir-
ing nitratein aspecialy issued patient’sdiary. Blood pressure

was measured with amercury manometer inasitting position
after a 5-min period of resting, according to the method of
Korotkoff. Pulse was checked at the same time on theradia
artery by counting for 1 min.

Statigtical Analysis

All dataarereported asmeans+ SD. Categorical datawere
compared by means of Fischer’sexact test. For continuousin-
dependent variablessuch asageand anginapectoris, Student’s
t-test was used. Analysis of variance was applied for E, A,
E/A, S, D, AR, EF, thedtresstest, blood pressure, and heart rate
variables. Post hoc analysis was carried out with the Tukey
test. Two-sided statistical testswereperformed at aleve of Sg-
nificance of 5%. Statistical andyseswere performed with the
SAS satistical software package (version 6.12) (SAS, Cary,
N.C.,USA)).

Resaults
Firgt, the homogeneity of the two groups was examined.

Therewasno getistical differencebetween thegroupsregard-
ingtherisk factorsexamined (Tablell), that is, age, gender, hy-

TABLE Il Pdtient characteristicsinthetwo groups
Nitrategroup  Control group

Variable (n=30) (n=29) pVaue
Age(years) 66.7+96  657+104 NS
Male/femde 18/12 16/13 NS
Hypertension 7 8 NS
Smoking 10 10 NS
Elevated tota cholesterol

level (>5.0mmol/l) 9 7 NS
Diabetesmdllitus 4 7 NS
PreviousMI 5 6 NS
Location of current Ml

(anterior/inferior) 17/13 15/14 NS

Abbreviations: M1 =myocardid infarction, NS= not significant.
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pertension, smoking, total cholesterol level, diabetesmdllitus,
previousMI, and location of current infarction. Subsequently,
the outset valuesfor the two treatment groups at Visits1to 4
werecompared. Astomitral inflow velocities(E and A waves,
E/A, and DT), therewasno difference between thetwo groups
throughout the treatment period (Table I11). Moreover, there
was no significant differencein the different mitral inflow pa
rameters within the individual groups at the different times
(Tablelll). Theoutset valuesof the pulmonary flow vel ocities
(Sand D waves) were not significantly different for the two
groupsat thetimeof Vidt 1. Examination of thechangesinthe
vaueof Sduring the period of thestudy revedled agradua and
significant increase in both groups, which was more pro-
nounced in the patientswho received nitrate (Tablel V, Fig. 1).
TheD vaue, ontheother hand, displayed agradua and signif-
icant decreasein both groupsduring thestudy period. Thisde-
crease, Smilar tothat in S, was more pronounced inthenitrate
group (TablelV, Fig. 1). TheARwavewasidenticd inthetwo
groups at Vist 1 and subsequently declined significantly in
both groups. For thisparameter aswell, thechangeswerelarg-
erinthenitrategroup (TablelV, Fig. 1).

Ejection fraction was detistically identical in the two
groupsat Visit 2. However, the nitrate group exhibited agrad-
ual and significant increasein thisparameter (TableV), and at
Visit 4it exceeded the valuefor the control group significant-
ly (nitrategroup 52.6 + 7.4% and control group 47.4 + 7.3%).
Examination of LV end-diastolic diameter revealed no statis-
tically significant difference between the two groups. More-

over, there was no significant difference in this parameter
withintheindividual groupsat the different times. The maxi-
mal ST depression during the exercise test was Statistically
identical inthetwo groupsat Visit 2. At Visit 3, themaximal
ST depression was significantly reduced in the nitrate group
compared withthevaluemeasured at Visit 2, whilethe ST de-
pression observed in the control group did not change signifi-
cantly between Visits 2 and 3. The decrease in the ST-seg-
ment depression inthe nitrate-treated group during the study
resulted in asignificant difference between thetwo groups at
Vist3(TableV).

No statistically significant difference between the two
groups was noted in the number of angina episodes during
the study period. Moreover, thetwo trestment groupsdid not
differ significantly in systolic and diastolic blood pressures
and heart rate (TableV); because of the small number of mor-
taities, no statistical analysiswas carried out in thisrespect.
In the nitrate group, two patients died (one sudden death at
home, and one traffic accident), while in the control group
three patients died (one apoplexy, one pneumonia, and one
acuteLV failure).

Discussion
Thedataof thistria have demonstrated that long-term ni-

tratetreatment after an M1 isassociated with (1) adightly, but
significantly improved LVEF; (2) agreater increasein S; (3)

TasLE Il Doppler valuesof mitrd flow inthetwo groups
Nitrategroup (n=30) Control group (n=29)
Variable Vistl Visit2 Vist3 Vist4 Vistl Visit2 Visit3 Vist4  pVaue
NSa
Early mitra inflow NSP
velocity (E, cnv/s) 56.6+106 563+91 582+91 565+103 559+9.7 540+77 571+80 551+92 NS¢
NSd
NS2
Atrial inflow velocity NSP
(A,cmls) 632+96 60.0+£92 634+77 608+79 63.1+78 591+87 631+78 587+82 NS¢
NSd
NSa
Ratio of E/A 092+022 095+0.16 0.92+0.13 093+014 090+0.21 093+0.16 091+013 095+0.17 NSP
NS¢
NSd
NSa
Early inflow decelera- NSP
tiontime (DT, ms) 219+ 16 219+16 216+18 221+21 215+16 220+x15 216+16 221+18 NS¢
NSd

aDifference between nitrate and control groupsat the beginning of thestudy (Visit 1).
b Difference between nitrate and control groupsat theend of thestudy (Visit 4).

¢ Differencewithin nitrate group between Visits 1 and 4.
d Differencewithin control group between Visits 1 and 4.
Abbreviations: DT = decelerationtime, NS = not significant.
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TasLE IV Doppler valuesof pulmonary venousflow inthetwo groups

Nitrategroup (n=30)

Control group (n=29)

Variable Vistl  Vist2 Vist3 Vist4

Systolic pulmonary
venousflow 3.1 348 442 54.9
velocity (S, cnv/s) +120 +97 +95 +109

Diastolic pulmonary
venousflow 516 46.0 417 379
velocity (D, cns) +80 +7.7 +9.8 +119

Ratio of S'D 0.68 0.76 1.06 145
+008 +009 +0.11 +0.12

Pulmonary venous
arial reverseflow 416 413 36.5 26.8
velocity (AR,cm/s) +£100  +10.3 +10.7 +84

Vistl Vist2 Vist3 Vist4 pVaue
NSa
0.010P
354 354 43.6 47.8 0.002¢
+11.8 +106 +87 +93 0.002d
NSa
0.001°
53.7 55.5 46.9 478 0.0002¢
+71 +91 +84 +95 0.0002d
NSa
0.66 0.64 0.93 10 0.001b
+0.08 +0.08 +0.10 +0.11 0.0002¢
0.00024
NSa
0.01b
42.7 43.0 38.3 329 0.0002¢
+97 +10.0 +10.3 +88 0.00024

aDifference between nitrate and control groupsat the beginning of thestudy (Vist 1).
b Difference between nitrate and control groupsat theend of thestudy (Visit 4).

¢ Differencewithin nitrate group between Visits 1and 4.
d Differencewithin control group between Visits1 and 4.
Abbreviationsasin Tablelll.

agreater decreasein D and AR; (4) alarger ratio of S/D; and
(5) adecreasein the maximal ST depression in response to
the stress test, compared with the control group. The pul-
monary venousflow (S, D, and S/D) changes, together with
the alterations in EF, suggest better-preserved diastolic and
systalic functions of the left ventricle in response to nitrate
treatment following an M1. It isinteresting that examination

120 ¢
100 -
8
60 -

1 il . |HI =

Changes in %

_20 5
~40

S D S/D AR

Fic.1 Percent changesin pulmonary venousflow velocitiesinthe
nitrate-treated and control groupsduring the study (between Visits 1
and 4). The negative values reflect a decreasing tendency, and the
positivevaluesanincreasing tendency of thedifferent parameters. S
= systalic pulmonary flow velocity, D = diastalic pulmonary flow
velocity, S/D =ratio of systolic and diastolic flows, AR = atrial re-
verseflow velocity. m = Nitratetreated, O = control.

of the conventional echocardiographic parameters (E/A and
DT) characterizing LV diastolic function revealed no stetisti-
cal difference between thenitrate-treated and control groups.
Explanationsfor thisdiscrepancy could bethat (1) thetrans-
mitral inflow pattern was not areliableindicator because of
relatively preserved (only mildly reduced) LV systolic func-
tion (EF), (2) the pulmonary venous flow indices are more
sengitiveindicatorsof diastolic functionthanisE/A or DT,
and (3) the nitrates exert a more pronounced effect on the
preload than on the afterl oad.

Duetotherelatively low numbers of enrolled patientsand
deaths during the study period (two deathsin thenitrate group
and three in the control group), Setistical evaluation of the
mortality datawas not carried out. However, no sign of an ex-
cessmortality was observed upon nitratetreatment.

Opinionsdiffer concerning the effectiveness of prolonged
nitrate treatment following an MI. Although large multicen-
ter randomized studies (GISSI-3 and 1S1S-4) have reported
aminor effect of nitrate treatment on decreasing mortality,
thiseffect did not reach thelevel of statistical significance.® 10
However, in order to promote a better quality of life (symp-
tom relief) for the patients, in the absence of any contrain-
dications, prolonged transdermal or ora formulations of
nitrates may be applied after an infarction (even if there are
no complaints).6

Earlier clinica studieson patients post infarction suggested
that ACE inhibitors prevent the development of LV remodel-
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TaBLE V  Effectsof nitrate trestment on | eft ventricular gection fraction, left ventricular end-diastolic diameter, maximal ST depressioninre-
sponseto stresstest, number of anginaepisodes, blood pressure, and heart ratein thetwo groups

Nitrategroup (n=30)

Control group (n=29)

Variable Vistl  Vidt2  Visit3 Visit4 Vistl  Visit2 Vist3  Vist4 pVaue
NSa
Left ventricular 50.6 50.8 52.6 485 49.7 474 0.01°
systolic EF (%) +7.0 +76 +74 +60 +6.1 +7.3 0.03¢
NSsd
NS2
LVEDD (mm) 55.8 549 536 56.6 56.1 555 NSP
+82 +91 +84 +74 79 +75 NS¢
NSd
NSa
Maximal ST depression 0.01°
inresponseto stress 0.76 0.60 0.82 0.90 0.003¢
test (mm) +046  +044 +038  +038 NSd
Number of angina
episodesrequiring 1.86 2.62
d. nitrates/’6 months +16 +18 0.11°
118 118 118 119 123 122 121 122 NS2
Blood pressure +12/ +12/ +10/ +12/ +1V +12/ +10/ +10/ NSP
(mmHg) 74 74 74 74 75 75 76 76 NS¢
+8 t5 +6 +6 +6 t5 t5 6 NSd
NSa
Heartrate 76 7 7 79 75 75 73 75 NSP
(beats/min) +7 +7 +5 +7 +6 +5 +5 +7 NS¢
NSd

aDifference between nitrate and control groupsat the beginning of thestudy (Visit 1; Visit 2 for EF and the stresstest).

b Difference between nitrate and control groupsat theend of thestudy (Visit 4; Visit 3for the dresstest).

¢ Differencewithin thenitrate group between Visits 1 and 4 (Vists2 and 4 for EF and Visits2 and 3for the stresstest).

d Differencewithin the control group between Visits 1 and 4 (Visits2 and 4 for EF and visits2 and 3 for the stresstest).
Abbreviations: Sl =sublingua, EF = gjectionfraction, LVEDD = &ft ventricular end-diastolic diameter, NS= not significant.

ing. Inthe present study, the changesobservedin LV function
could not be mediated by ACE inhibition, since therewasno
datigtica differencein concomitant medical treatment (ACE
inhibitors, angiotensin || receptor blockers, betablockers, etc.)
during thetria between thenitrate-treated and control groups.
Moreover, no significant change occurred in the degree of hy-
pertension, diabetes control, and smoking habits of the pa-
tients during the 6 months of the study. How can nitrates pre-
serve LV function following MI? The beneficid effects are
most probably complex. Thehistological recovery after anMlI
involves collagen deposition and the formation of strong scar
tissuein theinfarcted zoneto resist distension and wall dila-
tion. However, the insufficiency of these defensive mecha
nismsinamajority of casesmeansthat early remodeling leads
to loca dilation and expansion of the involved areawithin a
few daysafter theinfarction.2® 24 This process can eventually
giveriseto overal ventricular dilation and an elevated diastolic
wall tension in both the infarcted zone and the intact area.
Nitrates protect LV function and prevent the extension of the

infarcted area (and the devel opment of an aneurysm) by low-
ering the ventricular wall tension and preserving the collagen
matrix in the necrotic zone.” 8 2324 Moreover, it has been
shownthat nitratesexert aprotectiveeffect onthemyocardium
following stunning and reperfusion damage.?® The anti-is-
chemic properties of nitrates have also been demonstrated in
our study, since asignificant reduction was noted in the maxi-
mal ST-segment depressioninresponsetothestresstestinthe
nitrate group compared with the controls.

Limitationsof the Study

No placebo treatment and double-blind approach was used
inthetrial (only the echocardiographic examinationsand the
treadmill test were carried out single-blinded); consequently,
some experimentd bias cannot be excluded. Furthermore,
only alimited number of conventional echocardiographic pa-
rameters (E/A, DT, S, D, and AR) characterizing LV diagtolic
functionwereutilized.
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Conclusion

Prolonged nitrate treatment following a myocardia in-
farction resultsin better-preserved left ventricular diastolic
function, as evidenced by echocardiography. These limited
observationsjustify further studies on the beneficial effects
of nitrateson | eft ventricular function, and the authors planto
extend this examination to alarger number of patientsin the
future, employing novel echocardiographictechniques(e.g.,
tissue Doppler echocardiography).
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