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Impact of Chronotropic Effect of Cilostazol After
Acute Myocardial Infarction
Insights From Change in Left Ventricular
Volume and Function
Sang Hak Lee, MD**; Seung-Hyuk Choi, MD*,**; Seonghoon Choi, MD; Jae-Hun Jung, MD;
Namho Lee, MD; Young-Jin Choi, MD; Dae-Gyun Park, MD; Kyung-Soon Hong, MD;
Kyoo-Rok Han, MD; Dong-Jin Oh, MD; Chong-Yun Rhim, MD
Backgound Cilostazol, a phosphodiesterase inhibitor, is an antiplatelet agent with positive chronotropic effect,
the impact of which on left ventricular (LV) volume and function in acute myocardial infarction (AMI) was evaluated in the present study.
Methods and Results In 56 patients with AMI treated with primary coronary stenting, serial echocardiographic studies within 24 h and at 6 months were performed. Patients received a conventional antiplatelet regimen
either without cilostazol (group 1, n=29) or with cilostazol (group 2, n=27). At 6 months, the difference in the
change in heart rate between group 1 and group 2 was statistically significant (9.9 beats/min; p=0.04). However,
changes in LV end-systolic volume (LVESV) (7.1±8.2 vs 10.0±21.7 ml, p=0.60), LV ejection fraction (EF)
(8.2±9.9 vs 9.0±12.6%, p=0.85) and the ratio of early mitral inflow velocity to the mitral annular velocity (E/E’)
(0.6±3.7 vs –1.7±3.2) were not different between the 2 groups. Cardiac event rate was similar between the 2
groups. On multivariate regression analyses, cilostazol therapy had no significant influence on the changes in
LVESV, LVEF or E/E’.
Conclusions In this study, the addition of cilostazol on conventional drug therapy had no adverse influence on
LV remodeling or LV function after AMI. (Circ J 2007; 71: 106 – 111)
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eft ventricular (LV) dysfunction and remodeling
after acute myocardial infarction (AMI) are precursors of the development of heart failure and predictors of prognosis.1 Cardiac remodeling is influenced by
hemodynamic load, neurohormonal activation and other
factors still under investigation.2 Among them, heart rate
(HR) has been identified as one of the predictors of the
development of heart failure3 and the change in LV volume
and its function.4
Cilostazol, a type III phosphodiesterase inhibitor, is an
antiplatelet agent with vasodilating properties. It has been
used for the reduction of intermittent claudication and as an
antiplatelet agent in patients undergoing coronary stenting.
A frequent observation in cilostazol studies is a positive
chronotropic effect.5–7 However, because of the action
mechanism of a phosphodiesterase inhibitor, there have
been concerns about the cardiovascular safety of cilostazol
in patients with LV dysfunction.8,9 Furthermore, little is
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known about the clinical experience with cilostazol in AMI
patients.10 In addition, data about the impact of its chronotropic effect on LV remodeling and function have not yet
been reported in this population.
Therefore, we evaluated the effect of cilostazol on LV
volume and function in patients with AMI.

Methods
Study Population
The study was performed with institutional review board
approval and informed consent from each subject. We retrospectively evaluated 56 AMI patients who underwent primary coronary stenting and were discharged alive. Eighty-three
AMI patients from October 2003 to September 2004 were
firstly drawn from the institutional patient database. Inclusion criteria were confirmed AMI, successful primary coronary stenting with grade 3 flow by the Thrombolysis in Myocardial Infarction trial classification within 6 h of the onset
of symptoms or between 6 and 12 h if there was evidence of
continuing ischemia. AMI was identified by clinical symptoms, initial ECG showing a new ST segment, T wave
changes or left bundle branch block, and an increase in the
serum creatine kinase myocardial isoform (CK-MB) value
above twice the upper reference limit of 3.5 ng/ml. Serial
measurement of CK-MB was performed at baseline, and at
6, 12 and 24 h. Patients were excluded if they were in Killip
class IV heart failure or cardiogenic shock, were pregnant,
had severe valvular disease or if they had known maligCirculation Journal Vol.71, January 2007
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nancy. Other exclusion criteria included a platelet count
<150,000 /ml, a known bleeding diathesis, intolerance to
cilostazol or aspirin, severe hepatic or renal dysfunction
(serum creatinine level >2.0 mg/dl), or untreated endocrine
disorders. Twenty-seven patients who did not meet the
inclusion criteria or met the exclusion criteria were finally
excluded from the study population. All eligible patients
who underwent successful coronary stenting were analyzed
after they were retrospectively divided into 2 groups: nocilostazol (aspirin plus clopidogrel, group I, [n=29]), and
cilostazol (aspirin plus clopidogrel plus cilostazol, group 2,
[n=27]). A loading dose of each agent was administered before or immediately after stenting. The loading/maintenance
dose for each agent was 300 mg/100 mg q.d. for aspirin,
300 mg/75 mg q.d. for clopidogrel, 200 mg/100 mg b.i.d. for
cilostazol. Unless contraindicated or not tolerated, patients
were required to have received treatment with angiotensinconverting enzyme inhibitors (ACEI) and β-blockers at
least 48 h after AMI. HR (beats/min), systolic and diastolic
blood pressure (BP) were measured before the index procedure and at 6 months. They were measured by experienced
nurses during the morning. After patients had rested supine
for ≥5 min, 2 exact readings of HR and BP were obtained
and the lowest readings were chosen for the data.
Echocardiography
Comprehensive transthoracic echocardiography was performed within 24 h and at 6 months after AMI. Standard
M-mode, 2-dimensional (D) and color Doppler imaging
were performed in the parasternal and apical views using
commercially available equipment (Vivid 7, GE Vingmed
ultrasound, Horten, Norway). End-diastole was defined as
the frame with the largest cavity immediately before the
onset of the QRS and end-systole as the frame with the
smallest cavity area. Two-D LV end-diastolic volume
(LVEDV), LV end-systolic volume (LVESV) and LV ejection fraction (LVEF) were calculated from 2-D recordings
using the modified biplane Simpson’s method.11 Left atrial
(LA) volume was assessed by the modified biplane area –
length method12 and was indexed to body surface area.
Early mitral inflow velocity (E) was measured using the
pulsed wave Doppler method, by placing the sample
volume at the level of the mitral valve leaflet tips. The
tissue Doppler-derived diastolic mitral annular velocity
(E’) was measured from the septal corner of the mitral
annulus in the apical 4-chamber view. Measurements were
averaged for 3 cardiac cycles in subjects with sinus rhythm
and for 5 cardiac cycles in patients with atrial fibrillation.
Follow-up Protocol
The primary end-point was change (value at 6 months –
value at the baseline) in LVESV at 6 months. Secondary
end-points were change in LVEF at 6 months, and change
in the ratios of E to E’ (E/E’), and in the LA volume index
at 6 months. Follow-up protocol included medical visits to
the outpatient clinic at 30 days and 3 months after the procedure, and once every 3 months thereafter. The clinical
outcomes in each group were compared in terms of the
number of adverse cardiovascular events.
Statistical Analysis
Group differences in categorical variables were assessed
by Fisher’s exact test and in continuous variables by
Student’s t-test. A relation was sought between cilostazol
therapy and changes in LV volumes and LV functional
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Table 1 Baseline Characteristics of the Patients

Age (years)
Men
Medical history
Prior MI
Hypertension
Diabetes mellitus
Smoking
Dyslipidemia
Renal failure
Heart rate (beats/min)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Infarct characteristics
ST elevation MI
Symptomatic heart failure
Site of infarction
Anterior
Inferior
Other
Peak CK-MB (ng/ml)
Early reperfusion (<6 h)
Multivessel disease
DES implantation
Echocardiographic indices
LV end-diastolic volume (ml)
LV end-systolic volume (ml)
LV ejection fraction (%)
LV ejection fraction <50%
LA volume index (ml/m2)
E/E’
Medications
ACE inhibitors
β-blockers
Diuretics
Statins

No cilostazol
(n=29)

Cilostazol
(n=27)

p value

53±12
24 (83)

60±10
24 (89)

0.15
0.74

1 (3)
7 (24)
10 (34)
19 (66)
6 (21)
1 (3)
68±11
106±6
69±6

3 (11)
11 (41)
6 (22)
16 (59)
11 (41)
0 (0)
71±11
110±11
69±8

0.54
0.47
0.61
0.92
0.20
0.47
0.45
0.30
0.98

23 (79)
9 (31)

21 (78)
8 (30)

0.73
0.90

11 (38)
17 (59)
1 (3)
174±190
16 (55)
15 (52)
16 (55)

16 (59)
11 (41)
0 (0)
135±154
15 (56)
11 (41)
9 (33)

0.60
0.68
0.56
0.34

97±18
45±16
53±14
13 (45)
21.0±5.5
12.6±5.0

90±16
41±21
55±15
6 (22)
19.3±5.7
12.5±4.2

0.38
0.57
0.66
0.20
0.45
0.98

29 (100)
28 (97)
4 (14)
28 (97)

24 (89)
24 (89)
6 (22)
27 (100)

0.14
0.60
0.48
0.48

0.48

Data are number (percentage of group), means ± SD.
MI, myocardial infarction; dyslipidemia, low-density lipoprotein-cholesterol
≥130 mg/dl; renal failure, s-creatinine ≥1.5 mg/dl; BP, blood pressure; CKMB, creatine kinase myocardial isoform; DES, drug-eluting stent; LV, left
ventricular; LA, left atrial; E/E’, early mitral inflow velocity to diastolic
mitral annular velocity; ACE, angiotensin converting enzyme.

parameters (LVESV, LVEF, E/E’). Assessment of the relation between the clinical and echocardiographic variables,
and changes in LV volume and LV functional parameters
were examined by univariate and multivariate regression
analyses. Independent variables included age, sex, diabetes
mellitus, history of hypertension, prior myocardial infarction (MI), log CK-MB, location of MI, extent of coronary
artery disease, time from the onset of chest pain to reperfusion, baseline LVESV, baseline LVEF, baseline E/E’, follow-up HR and BP, and treatment with ACEI,β-blockers
and cilostazol. All identified univariate predictors were
entered in a forward stepwise manner into the multivariate
model. Two-sided p-values <0.05 were considered to be
statistically significant. SPSS 12.0 (SPSS Inc, Chicago, IL,
USA) was used for all statistical analyses.

Results
Baseline Characteristics
The baseline clinical characteristics are listed in Table 1.
Clinical features and echocardiographic variables were well
matched between treatment groups. Mean age was 55±11
years, 48 (86%) were male, 44 (79%) had ST elevation MI,
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Fig 2. Changes in left ventricular (LV) end-diastolic volume (A),
and LV end-systolic volume (B) from baseline to 6 months.

cations. The patients exhibited mean LVEDV of 95±18 ml
and LVESV of 44±17 ml and mean LVEF of 54±14%.

Fig 1. Changes in heart rate (A) and blood pressure (BP: B,C) from
baseline to 6 months.

27 (48%) had an anterior MI, 19 (34%) showed low LVEF
(<50%), and 17 (30%) showed symptomatic heart failure.
There was no significant difference between the 2 groups
particularly regarding frequency of heart failure, site of infarction or infarct size, based on peak CK-MB level. Time
from the index infarction to primary coronary stenting was
<6 h in 31 (55%) patients. Ninety-five percent received
ACEI and 93% receivedβ-blockers at AMI. Seventeen patients (60 mg/day for 9 patients, 120 mg/day for 8 patients)
in group 1 and 18 (60 mg/day for 13 patients, 120 mg/day
for 5 patients) in group 2 were given propranolol. Eleven
(12.5 mg/day for 1 patient, 25 mg/day for 10 patients) in
group 1 and 6 (25 mg/day for 6 patients) in group 2 received
carvedilol. The frequency and dose of eachβ-blocker were
not different between the 2 groups. No patient in either
group received verapamil or diltiazem, whereas 2 patients in
group 1 were prescribed amlodipine. There was no difference between the groups with regard to concomitant medi-

HR and BP
HR decreased by 6.9±10.4 beats/min in group 1 at 6
months; in contrast, in group 2, it increased by 3.0±
12.7 beats/min. In group 1, systolic and diastolic BP increased by 4.7±12.0 mmHg and 3.4±6.8 mmHg, respectively, at 6 months, whereas in group 2, they increased by
8.8±8.3 mmHg and 4.4±5.0 mmHg, respectively. The difference in the change in HR between group 1 and group 2
was statistically significant (9.9 beats/min; p=0.04). After
eliminating patients who did not receive β-blockers, the
changes in HR at 6 months were –6.6±10.6 beats/min in
group 1 and 4.5±12.7 beats/min in group 2. The difference
in the HR change between the 2 groups also remained
significant (p=0.03). Moreover, the correlation between
cilostazol therapy and the change in HR was not altered
after controlling the baseline HR (β=0.48; p=0.003). However, changes in systolic and diastolic BP were higher only
by 4.1 mmHg (p=0.40) and 1.0 mmHg (p=0.73) in group 2
compared with group 1, respectively (Fig 1).
Effects of Cilostazol on LV Volume and Function
In group 1, LVESV decreased by 7.1±8.2 ml at 6 months,
whereas in group 2, it decreased by 10.0±21.7 ml. There
was no statistically significant difference in the change in
LVESV between the 2 groups (–3.0 ml; p=0.60). In group
1, LVEDV decreased by 2.7±13.8 ml, and by 10.3±18.1 ml
in group 2, at 6 months. The difference in the change in
LVEDV between the groups was not significant (–7.6 ml;
p=0.23) (Fig 2).
Circulation Journal Vol.71, January 2007
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In group 1, LVEF increased by 8.2±9.9% at 6 months,
whereas in group 2, it increased by 9.0±12.6%. There was
no statistically significant difference in the change of
LVEF between the 2 groups (0.8%; p=0.85). The difference in change in E/E’ between the groups was not statistically significant (–2.3; p=0.17). In the subgroup of inferior
MI, there was a non-significant trend to a greater reduction
in E/E’ in group 2 and the difference in the change of E/E’
between the groups was –3.7 (p=0.07). The difference was
–0.3 (p=0.93) in the subgroup of anterior MI. In group 1,
LA volume index increased by 1.8±4.1 ml/m2 at 6 months,
but decreased by 1.9±5.9 ml/m2 in group 2. However, the
difference in the changes in LA volume index between the
groups was marginal (–3.7 ml/m2; p=0.07) (Fig 3).
Univariate and multivariate regression analyses showed
that log CK-MB (β=0.52; p<0.001), baseline LVESV (β=
–0.64; p<0.001) and follow-up HR (β=–0.37; p=0.006)
were independent predictors of change in LVESV. Baseline LVEF was independently predictive of change in
LVEF (β=–0.59; p<0.001), whereas baseline E/E’ was a
single independent determinant of change in E/E’ (β=
–0.62; p=0.002). However, cilostazol therapy had no significant influence on the changes in LVESV, LVEF or
E/E’.
Clinical Outcomes
Clinical follow-up was completed in 53 patients (95%):
4 patients and 3 subjects from group 2 from group 1 underwent target lesion revascularization at 6 months. There
were no statistically significant differences in the cardiac
event rate between the 2 groups (15% vs 12%; p=0.73).

Discussion
The results of our study show an increase in HR in the
cilostazol group compared with the no-cilostazol group in
patients with AMI treated with primary coronary stenting.
However, the addition of cilostazol to conventional drug
therapy did not cause adverse effects on LV remodeling
and function in this population.
Use of Cilostazol in Patients With AMI
Cilostazol, a type III phosphodiesterase inhibitor, is used
for the reduction of the symptoms of intermittent claudication and as an antiplatelet agent in patients undergoing
coronary stenting.13–16 Cilostazol selectively inhibits cyclic
adenosine monophosphate-selective phosphodiesterase,
increasing the intracellular level of cyclic adenosine monophosphate. As would be expected, it may increase HR,
myocardial contractility, and ventricular automaticity.
Because of the action mechanism of phosphodiesterase inhibitors, there has been concern about the cardiovascular
safety of cilostazol, not based on evidence of cilostazol
toxicity but rather the unfavorable results from previous
reports on compounds having similar effects.8
LV Remodeling After AMI
After AMI, cardiac remodeling may develop as a physiologic and pathologic condition.2 With progressive postinfarction dilation, the ventricular volume increases and the
EF declines, and these are predictive of mortality.17,18 Infarct
size,17,19 infarct location,17,20 perfusional status of the infarctrelated artery,19 and baseline LV systolic function17,18 have
been identified as predictors of LV dilation after AMI.
Our data show that mean LVESV and LVEDV were
Circulation Journal Vol.71, January 2007

Fig 3. Changes in left ventricular (LV) ejection fraction (A), early
mitral inflow velocity to diastolic mitral annular velocity (E/E’) (B),
and left atrial (LA) volume index (C) from baseline to 6 months.

smaller, though not significantly, at 6 months compared
with baseline in both groups. This result is in contrast with
the report by Bolognese et al18 in which LV enlargement
occurred after AMI despite successful primary coronary
angioplasty. EF is a significant predictor of ventricular
remodeling and LV dilation can be limited in patients with
preserved LV systolic function.17,18 On the other hand,
ACEI and β-blockers have a favorable influence on LV
remodeling.1,22 Sixty-six percent of our study subjects had
preserved LV systolic function at baseline and most patients received both ACEI and β-blockers. These factors
may explain the lack of LV dilation in the majority of our
study population.
Chronotropic Effect of Cilostazol and Its Impact on
LV Volume and Function
Recent studies22,23 demonstrate that treatment with aβ-
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blocker, carvedilol, results in attenuation of LV remodeling
after AMI. In those studies, significant reduction in HR
occurred in patients receiving carvedilol compared with
placebo. In contrast, higher HR is a risk factor for the late
development of heart failure in survivors of MI.3 Increase in
HR reduces LVEF in patients with coronary artery disease.4
In addition, HR is known to influence Doppler parameters
of LV diastolic function.24 Treatment with cilostazol has
exhibited a significant positive chronotropic effect in
healthy subjects,6 as well as in patients with bradyarrhythmia.5,7 Because of the beneficial effect of lower HR and the
adverse effect of higher HR on LV function, the impact of
the chronotropic effect of cilostazol on LV function and
remodeling can be unfavorable.
In our data, the increase in HR in patients receiving
cilostazol did not show a negative influence on LV function
and volume. This result was not altered when possible confounding variables were taken into account in the multivariate analyses. On the other hand, our results showed that
the follow-up HR had a negative correlation with the
change in LVESV. However, this correlation was not
strong and may not be generalized to a wide range of HR.
Cilostazol did not influence changes in the E/E’ or the LA
volume index. Both echocardiographic parameters are reported to be significantly correlated with LV diastolic function, reflecting LV filling pressure25 and the status of LA
pressure,26 respectively. Although the change in HR was
significantly higher in the present cilostazol group, most
subjects were prescribed β-blockers and follow-up HR
were within normal range in both groups. The lack of influence of cilostazol on LV volume, LVEF and E/E’ is possibly related to that point, particularly in patients who
receivedβ-blockers and ACEI simultaneously.
Study Limitations
First, our study was not randomized and there were
differences, although not statistically significant, in several
variables such as the site of infarction. However, baseline
characteristics at the time of AMI, such as the presence of
symptomatic heart failure, time to reperfusion, and the
infarct size based on CK-MB, were similar between the 2
groups. Second, our study population included non-ST
elevation MI, and the pattern of change in LV volume and
function might be quite different from that of ST elevation
MI. Moreover, many subjects were without symptomatic
heart failure, and our results on the safety of cilostazol do
not bear direct generalization to AMI with overt heart failure. Third, E’ was measured only at the septal corner and the
site of infarction may have influenced the measurements.
The ratio of anterior to inferior MI was higher in group 2
and there was a greater reduction in E/E’ at 6 months in
group 2. Although the difference in the change of E/E’ between the groups was not significant in subgroup analyses
according to the infarction site, it may have contributed to a
type II statistical error.

Conclusion
In summary, our study shows no adverse influence of the
positive chronotropic effect of cilostazol on LV volume
and function, at least while conventional drugs such asβblockers and ACEI are prescribed simultaneously.

References
1. St John Sutton M, Pfeffer MA, Plappert T, Rouleau JL, Moye LA,
Dagenais GR, et al. Quantitative two-dimensional echocardiographic
measurements are major predictors of adverse cardiovascular events
after acute myocardial infarction: The protective effects of captopril.
Circulation 1994; 89: 68 – 75.
2. Cohn JN, Ferrari R, Sharpe N. Cardiac remodeling-concepts and
clinical implications: A concensus paper from an international forum
on cardiac remodeling. J Am Coll Cardiol 2000; 35: 569 – 582.
3. Lewis EF, Moye LA, Rouleau JL, Sacks FM, Arnold JM, Warnica
JW, et al. Predictors of late development of myocardial infarction:
The CARE study. J Am Coll Cardiol 2003; 42: 1446 – 1453.
4. Erbel R, Schweizer P, Krebs W, Langen HJ, Meyer J, Effert S. Effects
of heart rate changes on left ventricular volume and ejection fraction:
A 2-dimensional echocardiographic study. Am J Cardiol 1984; 53:
590 – 597.
5. Atarashi H, Endoh Y, Saitoh H, Kishida H, Hayakawa H. Chronotropic effects of cilostazol, a new antithrombotic agent, in patients
with bradyarrhythmias. J Cardiovasc Pharmacol 1998; 31: 534 –
539.
6. Woo SK, Kang WK, Kwon KI. Pharmocokinetic and pharmacodynamic modeling of the antiplatelet and cardiovascular effects of
cilostazol in healthy humans. Clin Pharmacol Ther 2002; 71: 246 –
252.
7. Kodama-Takahashi K, Kurata A, Ohshima K, Yamamoto K, Uemura
S, Watanabe S, et al. Effect of cilostazol on the ventricular escape
rate and neurohumoral factors in patients with third-degree atrioventricular block. Chest 2003; 123: 1161 – 1169.
8. Packer M, Carver JR, Rodeheffer RJ, Ivanhoe RJ, DiBianco R,
Zeldis SM, et al. Effects of oral milrinone on mortality in severe
chronic heart failure. N Engl J Med 1991; 325: 1468 – 1475.
9. Pratt CM. Analysis of the cilostazol safety database. Am J Cardiol
2001; 87: 28D – 33D.
10. Ochiai M, Eto K, Takeshita S, Yokoyama N, Oshima A, Kondo K, et
al. Impact of cilostazol on clinical and angiographic outcome after
primary stenting for acute myocardial infarction. Am J Cardiol 1999;
84: 1074 – 1076.
11. Helak JW, Reicheck N. Quantitation of human left ventricular mass
and volume by two-dimensional echocardiography: In vivo and
anatomic validation. Circulation 1981; 63: 1398 – 1407.
12. Appleton CP, Galloway JM, Gonzalez MS, Gaballa M, Basnight
MA. Estimation of left ventricular filling pressure using two-dimensional and Doppler echocardiography in adult patients with cardiac
disease: Additional value of analyzing left atrial size, left atrial ejection fraction and the difference in duration of pulmonary venous and
mitral flow velocity at atrial contraction. J Am Coll Cardiol 1993;
22: 1972 – 1982.
13. Douglas JS, Holmes Jr DR, Kereiakes DJ, Grines CL, Block EB,
Ghazzal ZM, et al. Coronary stent restenosis in patients treated with
cilostazol. Circulation 2005; 112: 2826 – 2832.
14. Lee SW, Park SW, Hong MK, Kim YH, Lee BK, Song JM, et al.
Triple versus dual antiplatelet therapy after coronary stenting. J Am
Coll Cardiol 2005; 46: 1833 – 1837.
15. Iida O, Nanto S, Uematsu M, Morozumi T, Kotani J, Awata M, et al.
Cilostazol reduces target lesion revascularization after percutaneous
transluminal angioplasty in the femoropopliteal artery. Circ J 2005;
69: 1256 – 1259.
16. Takeyasu N, Watanabe S, Noguchi Y, Ishikawa K, Fumikura Y,
Yamaguchi I. Randomized comparison of cilostazol vs ticlopidine for
antiplatelet therapy after coronary stenting. Circ J 2005; 69: 780 –
785.
17. Gaudron P, Eilles C, Kugler I, Ertl G. Progressive left ventricular dysfunction and remodeling after myocardial infarction. Circulation
1993; 87: 755 – 763.
18. Bolognese L, Neskovic AN, Parodi G, Cerisano G, Buonamici P,
Santoro GM, et al. Left ventricular remodeling after primary coronary angioplasty: Patterns of left ventricular dilation and long-term
prognostic implications. Circulation 2002; 106: 2351 – 2357.
19. Jeremy RW, Allman KC, Bautovitch G, Harris PJ. Patterns of left
ventricular dilation during the six months after myocardial infarction. J Am Coll Cardiol 1989; 13: 304 – 310.
20. Warren SE, Royal HD, Markis JE, Grossman W, McKay RG. Time
course of left ventricular dilation after myocardial infarction: Influence of infarct-related artery and success of coronary thrombolysis.
J Am Coll Cardiol 1988; 11: 12 – 19.
21. Jeremy RW, Hackworthy RA, Bautowich G, Hutton BF, Harris PJ.
Infarct artery perfusion and changes in left ventricular volume in the
months after acute myocardial infarctioin. J Am Coll Cardiol 1987;
9: 989 – 995.

Circulation Journal Vol.71, January 2007

Cilostazol in AMI
22. Doughty RN, Whalley GA, Walsh HA, Gamble GD, Lopez-Sendon
J, Sharpe N. Effects of carvedilol on left ventricular remodeling after
acute myocardial infarction: The CAPRICORN echo substudy. Circulation 2004; 109: 201 – 206.
23. Senior R, Basu S, Kinsey C, Schaeffer S, Lahiri A. Carvedilol prevents remodeling in patients with left ventricular dysfunction after
acute myocardial infarction. Am Heart J 1999; 137: 646 – 652.
24. Harrison MR, Clifton D, Pennell AT, DeMaria AN. Effect of heart
rate on left ventricular diastolic transmitral flow velocity patterns
assessed by Doppler echocardiography in normal subjects. Am J

Circulation Journal Vol.71, January 2007

111
Cardiol 1991; 67: 622 – 627.
25. Dokainish H, Zoghbi WA, Lakkis NM, Al-Bakshy F, Dhir M,
Quinones MA, et al. Optimal noninvasive assessment of left ventricular filling pressure: A comparison of tissue Doppler echocardiography and B-type natriuretic peptide in patients with pulmonary artery
catheters. Circulation 2004; 109: 2432 – 2439.
26. Pritchett AM, Mahoney DW, Jacobsen SJ, Rodeheffer RJ, Karon BL,
Redfield MM. Diastolic dysfunction and left atrial volume: A population study. J Am Coll Cardiol 2005; 45: 87 – 92.

