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The Cardioprotective  
Role of Preinfarction 
Angina
as Shown in Outcomes of Patients  
after First Myocardial Infarction

This prospective study evaluated the relationship between preinfarction angina (2 months 
before a 1st acute myocardial infarction) and the extent of postinfarction myocardial in-
jury, myocardial perfusion, contractile function, and late recovery of global left ventricular 
contractile function. We enrolled 46 patients who had been admitted for a 1st, single-
vessel-disease, acute myocardial infarction. Low-dose dobutamine echocardiography and 
technetium-99m-tetrofosmin scintigraphy were performed on all patients 7 to 10 days 
after acute myocardial infarction; and resting echocardiography was performed 7 to 12 
months later. Twenty-seven of 46 (58.7%) patients had experienced angina before acute 
myocardial infarction, and 19 of 46 (41.3%) had not. There was no difference between 
the 2 groups in acute basal left ventricular ejection fraction (P=0.17) or in basal wall mo-
tion score index (P=0.521). The maximal creatine kinase–MB level was lower in the 
preinfarction-angina group (P=0.039). Patients with preinfarction angina had significantly 
more myocardial segments with preserved regional contractile function (P <0.0001) and 
significantly fewer segments with less than 50% perfusion (P=0.008). Stepwise regres-
sion analysis identified preinfarction angina (r2=0.317, P=0.032) as a significant predictor of 
the percentage of left ventricular ejection fraction recovery after the follow-up period. In 
our study, preinfarction angina was associated with decreased infarct size and with better 
protection of global and regional left ventricular contractility and improved preservation of 
the microvasculature. A history of preinfarction angina should be of value in predicting the 
late clinical outcomes of patients after a 1st acute myocardial infarction. (Tex Heart Inst J 
2008;35(4):413-8)

nstable preinfarction angina pectoris (PIA) occurs in perhaps 50% of pa-
tients who experience acute myocardial infarction (AMI).1 Several mecha-
nisms have been put forth to account for the improved prognosis of patients 

who have experienced several episodes of unstable angina before AMI. Some au-
thors2 have proposed that increases in pressure distal to a subtotal occlusion during 
episodes of unstable angina can play an important role in opening and develop-
ing thin-walled coronary collateral vessels. This mechanism appears to have an es-
pecially important role among diabetic patients.3 However, the protective role of 
PIA has been observed even in the absence of signif icant collateral circulation.
	 Another protective process—and probably the most important—is ischemic precon-
ditioning of the myocardium during brief episodes of ischemia, before a sustained oc-
clusion. This preconditioning stimulates adenosine receptors and decreases the cellular 
influx of calcium, thereby reducing myocardial energy demands and limiting the ex-
tent of myocardial injury.4 In addition, experimental and clinical studies have shown 
that myocardial ischemic preconditioning preserves the anatomic microvasculature, 
functional vascular reactivity, and myocyte function.5-9 Some authors10 have empha-
sized that ischemic preconditioning increases the susceptibility to thrombolysis, which 
leads to earlier reperfusion and diminished myocardial damage. These functional ef-
fects likely form the basis for greater regional and global left ventricular functional 
recovery and for the better clinical outcomes in patients who have experienced PIA.
	 In our study, we evaluated the relationship between preinfarction angina (2 months 
before a 1st AMI) and the extent of postinfarction myocardial injury, myocardial 
perfusion, contractile function, and late recovery of global left ventricular contractile 
function.
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Patients and Methods

We prospectively enrolled, with informed consent, 46 
consecutive patients who had been admitted for a 1st, 
uncomplicated, single-vessel-disease AMI. The study 
was approved by our institutional review board. The 
AMI diagnosis arose from the presence of 2 or more 
of the following characteristics: typical ischemic chest 
pain persisting for 30 minutes or more, ischemic elec-
trocardiographic changes in 2 or more contiguous leads, 
and the characteristic increase of serum cardio-specific 
enzymes (serum creatine kinase was measured every 6 
hours during the course of 24 hours). Patients were ex- 
cluded from the study if they had left main or multi-
vessel disease, severe valvular heart disease, previous 
myocardial infarction, or idiopathic dilated cardiomy-
opathy. In addition, we excluded patients whose initial 
echocardiograms were of insufficient quality for further 
interpretation.
	 After enrollment in the study, all patients were asked 
whether they had experienced angina during the pre-
vious 2 months; and their recent medical documents 
were reviewed by attending physicians from the emer-
gency department. Preinfarction angina was defined as 
intermittent chest pain or other chest discomfort that 
had occurred within 60 days before presentation to the 
emergency department for AMI. However, chest-pain 
episodes experienced only within 24 hours before AMI 
were not considered to be PIA. Patients were classified 
into 2 groups depending on whether they had experi-
enced PIA or a complete absence of symptoms before 
the abrupt onset of myocardial infarction. Twenty-sev-
en of 46 patients (58.7%) had experienced PIA before 
AMI. Their results were compared with the results of 
the control group: the 19 patients (41.3%) who had not 
experienced PIA.
	 Low-dose dobutamine echocardiography and tech-
netium-99m-tetrofosmin scintigraphy were performed 
on all patients within 7 to 10 days of the acute coronary 
event.

Low-Dose Dobutamine Echocardiography
Two-dimensional transthoracic echocardiography was 
performed in the standard view, and 12-lead electrocar-
diography was recorded with the patients at rest. Do
butamine was infused at a dosage of 5 μg/(kg-1·min-1)
through an antecubital vein for 5 minutes per dose. 
Subsequently, 2 additional doses were given (at 10 μg/
[kg-1·min-1] and 15 μg/[kg-1·min-1]), and the echocardi-
ogram was monitored during each stage of dobutamine 
administration. In addition, blood pressure, heart rate, 
and the 12-lead electrocardiogram were monitored 
during every step of the test. Semiquantitative analysis 
of wall thickening and inward motion of the endocar-
dium was performed by use of the classical 16-segment 
model for quantitation of the left ventricle.11 Regional 

wall-motion abnormality of each segment and the wall-
motion score index (WMSI) were evaluated by use of 
a 4-point scoring system: 1 = normal wall thickening; 
2 = hypokinesia; 3 = akinesia; 4 = dyskinesia. Regional 
dyssynergy was considered to occur when a myocardi-
al segment received a score of 2 or higher in 2 different 
echocardiographic views. For each segment, preserved 
contractility as a marker of viable myocardium was 
considered to be present when at any stage of the dob-
utamine administration the score of the segment de-
creased by at least 1 grade—except in the instance of 
improvement from dyskinesis to akinesis, which was not 
considered to be a marker of viability.

Technetium-99m-Tetrofosmin Scintigraphy
Technetium-99m tetrofosmin was injected intravenous-
ly, and imaging was performed after 60 minutes and 
again later, after intravenous infusion of dipyridamole 
(0.28 mg/kg). Single-photon-emission computed tomo-
graphic (spect) data were acquired with a rotating 
single-head gamma camera, which was equipped with 
a low-energy, all-purpose, parallel-hole collimator and 
was connected to a dedicated computer system. A stan-
dard 16-segment model of the left ventricle was used 
to relate the echocardiographic images to the spect 
images.
	 Technetium-99m tetrofosmin is a lipophilic cationic 
agent (diphosphine group). Its myocardial uptake ap-
pears to occur by a passive diffusion process. When 
injected at rest, technetium-99m tetrofosmin appears 
to accumulate in viable myocardial tissue; infarcts are 
thereby delineated as areas that lack accumulation.12-14 
When injected at stress, technetium-99m tetrofosmin 
accumulates in myocardial tissue in relation to myo-
cardial blood f low12; therefore, ischemic areas (for ex-
ample, those supplied by stenotic vessels) are detectable 
as areas of less accumulation. Consequently, the accu-
mulation of radioactivity in myocardial cells as a func-
tion of relative blood flow could provide an estimate of 
myocardial perfusion. Each segment was considered ei-
ther to have adequate post-AMI perfusion (if tracer up-
take was ≥75%) or to have severely reduced or absent 
perfusion (if tracer uptake was <50%).

Follow-Up Echocardiography
Ejection fraction (EF) obtained in the acute stage (EFbas) 
was compared with the corresponding EF on the con-
trol resting echocardiogram (EFcont) that was performed 
after 7 to 12 months in order to determine improve-
ment in the global contractile function of the left ven-
tricle: EF improvement as a percentage (%) = [(EFcont  
– EFbas) / EFbas] × 100.

Statistical Analysis
The SPSS statistical package (SPSS 10.01 for Win-
dows, SPSS Inc.; Chicago, Ill) was used for analysis. 
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Continuous data were expressed as mean ± SD. Differ-
ences between continuous data were analyzed by the 
independent-sample Student’s t test. Event frequency 
between the 2 groups of patients (those with or with-
out PIA) were analyzed by the χ2 test (McNemar test for 
paired proportions). Stepwise multiple regression anal-
ysis was used to identify independent predictors of the 
percentage of increase in EF after a follow-up period. A 
probability of P=0.05 was considered to be statistical-
ly significant.

Results

At admission, there were no statistically significant dif-
ferences between the 2 groups of patients in regard to 
clinical and laboratory characteristics, except for a high-
er mean creatine kinase-MB peak level in the group 
without PIA (P <0.039) (Table I).
	 Thirty-nine of the 46 patients (84.8%) included in 
the study had experienced an AMI with ST-segment el-
evation and underwent percutaneous transluminal coro-
nary angioplasty with or without intravascular stenting, 
with satisfactory effect (Table II). The other 7 patients 
(15.2%) had experienced a non-Q-wave AMI. These 
patients underwent coronary angiography within 7 days 
of the acute phase of myocardial infarction and were 
found to have an infarct-related artery with no signif -
icant stenosis.
	E chocardiographic and scintigraphic data are present-
ed in Table III. There was no difference between the 2 
groups of patients in basal left ventricular ejection frac-
tion (LVEF) during the acute phase (P=0.170) or in the 
global contractile function expressed through WMSI 
(P=0.521). Regional function shown as the number 

of segments with preserved regional contractile func-
tion was significantly higher in the group with PIA (P 
<0.0001). Analysis of scintigraphic results revealed bet-
ter protection of myocardial perfusion in the group of 

TABLE I. Clinical and Laboratory Characteristics of 
Patients with and without Preinfarction Angina

   Characteristic	 PIA (n=27)	 No PIA (n=19)	 P Value

Age (yr)	 63.96 ± 12.11	 62.79 ± 12.01	 0.747

Male sex, n (%)	 17 (63.0)	 13 (68.4)	 0.762

Hypertension, n (%)	 23 (85.2)	 13 (68.4)	 0.277

Diabetes mellitus, n (%)	   4 (14.8)	   6 (31.6)	 0.277

Smoking, n (%)	 14 (51.9)	 12 (63.2)	 0.551

Cholesterol (mmol/L)	 5.46 ± 1.37	 6.15 ± 3.21	 0.349

Triglycerides (mmol/L)	 1.63 ± 0.78	 1.79 ± 0.96	 0.545

CK–MB max (U/L)	 193.59 ± 108.77	 281.79 ± 171.37	 0.039

CRP (mg/L)	 46.52 ± 52.92	 41.13 ± 46.81	 0.731
 
Data are expressed as means ± SD, numbers, or percentages, 
as indicated. 
 

CK = creatine kinase; CRP = C-reactive protein; PIA = preinfarc-
tion angina

TABLE II. Angiographic Characteristics of Patients 
with and without Preinfarction Angina

  Characteristic	 PIA (n=27)	 No PIA (n=19)	 P Value

Coronary artery

   LAD, n (%)	 17 (63.0)	   7 (36.8)	 –

   Cx, n (%)	   5 (18.5)	   4 (21.1)	 0.158

   RCA, n (%)	   5 (18.5)	   8 (42.1)	 –

Patients (n=39)	 23 (85.2)	 16 (84.2)	 0.100 
   treated with PCI,  
   n (%)

Time to treatment	 3.60 ± 0.845	 3.13 ± 1.04	 0.117 
   (hr)	

TIMI flow grade  
   before PCI, n (%) 
	 0	 18 (78.0)	 12 (75.0)	 0.676 
	 I	 1 (4.3)	 0	 – 
	 II	 3 (13.0)	 2 (12.5)	 – 
	 III	 1 (4.3)	 2 (12.5)	 –

TIMI flow grade 
   after PCI, n (%) 
	 0	 0		  0	 0.269 
	 I	 0		  0	 – 
	 II	   6 (26.1)	   2 (12.5)	 – 
	 III	 17 (73.9)	 14 (87.5)	 –
 
Cx = left circumflex coronary artery; LAD = left anterior 
descending coronary artery; PCI = percutaneous coronary 
intervention; PIA = preinfarction angina; RCA = right coronary 
artery

TABLE III. Echocardiographic and Scintigraphic 
Variables

Variable	 PIA (n=27)	 No PIA (n=19)	 P Value

Basal LVEF (%)	 40.59 ± 8.1	 43.89 ± 7.75	 0.170

Basal WMSI	 1.61 ± 0.27	 1.56 ± 0.308	 0.521

Segments with	 4.44 ± 1.95	 1.37 ± 1.21	 0 
   preserved  
   contractility (n)

Segments with 	 3.59 ± 2.98	 2.11 ± 2.35	 0.066 
   preserved perfusion  
   (n)

Segments with	 0.89 ± 1.09	 2.16 ± 2.01	 0.008 
   damaged perfusion  
   (n)	

Percent LVEF	 11.86 ± 13.19	 2.39 ± 15.68	 0.032 
  recovery (%)
 
LVEF = left ventricular ejection fraction; PIA = preinfarction 
angina; WMSI = wall-motion score index
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patients with PIA. The group with PIA had a higher 
number of segments with intact perfusion (tracer activ-
ity >75%)—3.59 ± 2.98 segments versus 2.11 ± 2.35 in 
the group of patients without PIA—but this difference 
did not reach statistical significance (P=0.066). How-
ever, segments with severe perfusion defects (tracer ac-
tivity <50%) were significantly more common in the 
group without PIA than in the group who had experi-
enced PIA, 2.16 ± 2.01 vs 0.89 ± 1.09, P=0.008.
	 After a follow-up period that ranged from 7 to 12 
months, the recovery of LVEF expressed as a percent-
age was considerably greater among patients who had 
experienced PIA (P=0.032) (Table III).
	 Stepwise regression analysis revealed PIA (r2 =0.317, 
P=0.032) as the only significant predictor for percent-
age increase in LVEF after the follow-up period (Table 
IV). Aside from PIA, the factors analyzed were pro-
dromal angina pectoris, diabetes mellitus, hypertension, 
current smoking, segments with preserved contractility, 
segments with preserved perfusion, segments with dam-
aged perfusion, and medical therapy.

Discussion

A number of previous experimental and clinical stud-
ies have reported improved outcomes among patients 
who experienced angina preceding an AMI. Compared 
with patients who did not experience antecedent angi-
na, PIA patients have a smaller infarct area,15 limited 
impairment of coronary arteriolar dilation, less arteri-
olar injury, and less endothelial dysfunction. Preserva-
tion of the vasodilatory response of arterioles and small 
arteries5,6,16 produces an adenosine-induced increase in 
coronary f low during ischemic preconditioning—in-
dependent of baseline coronary f low velocity and dis-
tribution of the epicardial coronary artery.9,17 Patients 
with PIA had better survival, less pump failure, fewer 

arrhythmias, and lower peak cardiac serum enzyme lev-
els. Furthermore, these patients experienced enhanced 
recovery of cardiac contractile function and had re-
duced left ventricular remodeling.18-24

	 The results of our study support the beneficial, pro-
tective role of PIA when it is experienced during the 8 
weeks before AMI. Preinfarction angina was associated 
with decreased infarct size as measured by peak creatine 
kinase-MB fraction, which is in accordance with the 
f indings of other authors.15,23,24 Our echocardiograph-
ic results also confirmed the beneficial effect of PIA on 
regional contractility, through the significantly greater 
number of segments that showed preserved contractile 
reserve during inotropic stimulation (Table II), as has 
been reported elsewhere.9 Although we found less necro-
sis and improved maintenance of regional contractility 
in our patients with PIA, our 2 patient groups mani-
fested similar global contractile function as expressed by 
acute LVEF (Table II). This difference between global 
and regional contractility might be explained, in part, 
by the fact that stunning—rather than necrosis—has 
a greater impact on global ventricular function imme-
diately after an acute event. Furthermore, our patients 
with PIA more often had an anterior AMI, which was 
probably the basis for the stunning of a greater myo-
cardial surface area.25 Our tomoscintigraphic results 
show that microvascular function, and consequently 
myocardial perfusion, were less impaired in our group 
with PIA, because they had significantly fewer segments 
with severely defective perfusion. This cardioprotective 
manifestation of PIA on microvascular function and 
coronary f low has already been observed in some ex-
perimental and clinical studies.9,17,26

	 Patients with PIA at the end of the follow-up period 
showed a significant improvement in global left ventric-
ular function (Table II). Upon stepwise regression anal-
ysis, PIA was a predictor of the percentage of recovery 
of global left ventricular contractile function (r2=0.317, 
P=0.032). This is in accordance with reports of previ-
ous investigators.3,9,22

	 Our study differs from most other studies—the ex-
ception being that of Solomon and colleagues22—be-
cause we included patients who had experienced angina 
within the 2 months preceding AMI, which is a longer 
period than usually has been monitored. We observed 
in our PIA group less myocardial necrosis, more pro-
nounced viability, and, at the same time, better preserva-
tion of myocardial perfusion. This may indicate a direct 
protective effect of PIA not only on cardiomyocytes 
but also on microvascular anatomy and function—or 
it might imply some other protective mechanism. This 
protective impact of preconditioning on the microvas-
culature may explain in a substantial way the postin-
farction preservation of viable cardiomyocytes and their 
supportive role in the improvement of global contrac-
tile function. 

TABLE IV. Predictors of Percent Recovery of Left 
Ventricular Ejection Fraction (Stepwise Regression 
Analysis)

	 Factors	 r2	 P Value

Smoking		  0.197	 0.16

Diabetes mellitus	 –0.19	 0.18

Lipids		  –0.05	 0.06

Segments with 
  preserved contractility	 0.03	 0.88

Segments with	 –0.14	 0.32 
  preserved perfusion

Segments with	 –0.03	 0.98 
  damaged perfusion

Preinfarction angina	 0.317	 0.032
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Study Limitations
Because we observed patients who had experienced PIA 
over a longer-than-usual period of time before an acute 
event, we cannot exclude the contributions of other 
mechanisms to these protective phenomena. For ex-
ample, our patients with PIA might have had a higher 
proportion of hibernating myocardium, due to fre-
quent ischemic episodes. This could improve the toler-
ance of viable tissue during subsequent acute ischemic 
events, as ultrastructural electron-microscope studies 
have shown.27 Our results need to be confirmed in fu-
ture studies in order to provide a better insight into this 
protective effect of PIA and its clinical significance.
	 In addition to the modest size of our series, our study 
was limited by relatively weak documentation of previ-
ous angina episodes (testimonials from patients, sup-
plemented by available records). Furthermore, we were 
unable to obtain reliable information on doses and fre-
quency of administration of medications that patients 
received before hospitalization. However, we undertook 
every effort to obtain accurate and complete data. Pa-
tients who experience PIA are probably more likely to 
take nitrates or β-antagonists, which in itself could con-
tribute to the reduction of ischemic injury.

Conclusion
In our study, ischemic episodes that patients experienced 
before AMI were associated with decreased infarct size 
and with better protection of the microvasculature and 
of global and regional left ventricular contractile func-
tion. A history of PIA should be of value in predicting 
the late clinical outcomes of patients after a 1st AMI.
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