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Introduction

Normal coronary arteries have been de-
scribed in 1-12% of all infarcts1-12, with up
to a 4 times greater prevalence among
younger patients6,8,13-18. However, the accu-
rate estimation of the so-called “infarct
with normal coronary artery” is complicat-
ed by the different definitions of “normal”
coronary arteries. In fact, in all the avail-
able literature, the label of non-obstructive
coronary artery disease refers to a wide
spectrum of angiographic findings, ranging
from a strictly smooth contour of the vessel
wall to a focal, > 70% stenosis, of a minor
secondary branch of the coronary tree19. It
is not surprising, indeed, that such a gener-
ic definition may be responsible for both
the variability in the prevalence and in the
clinical outcomes reported in studies deal-
ing with normal coronary artery infarcts. It
is well known that many acute coronary
events occur in patients with non-critical

and trivial coronary lesions. The clinical
relevance of this feature has now become
even greater, owing to the development of
intravascular ultrasound technology, by
means of which subtle pathological
changes of the vessel wall may be dis-
closed20. While the role of conventional an-
giographic findings in assessing the prog-
nosis of patients after a myocardial infarc-
tion is sound and well established, the eval-
uation of the coronary tree by intravascular
ultrasound on a systematic basis has not yet
been extensively validated. For this reason,
further clarification of the prognostic rele-
vance of the different patterns of athero-
sclerotic involvement of the coronary
artery tree seems necessary. The aim of the
present study was to re-assess the clinical
features, in-hospital course, and late prog-
nosis of patients with different angiograph-
ic patterns of the so-called “normal coro-
nary arteries” after an acute myocardial in-
farction (AMI).
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Background. Patients with myocardial infarction without angiographically significant coronary
artery lesions are considered, as a whole, to have a better prognosis. Different degrees of coronary in-
volvement, within this wide group, may portend different degrees of risk. The aim of this study was to
assess which clinical and angiographic covariates are more useful in defining the individual prognosis. 

Methods. We prospectively followed 53 consecutive patients admitted to our coronary care unit be-
tween 1985-1990 with myocardial infarction and a culprit lesion causing ≤ 50% angiographic lumi-
nal narrowing. 

Results. Patients with normal angiograms (group A) were compared to those with minor parietal
irregularities (group B) or discrete (≤ 50%) stenosis (group C). Group A patients were younger, had a
lower peak creatine kinase release, and a higher ejection fraction. After a median follow up of 125 ± 32
months, group A patients had a 100% 10-year survival compared to 77 and 58% for group B and group
C patients respectively (p = 0.01). At univariate analysis, ischemic events correlated with the severity
of coronary lesions (while group A patients had no ischemic events at follow-up, events occurred in 46
and 50% of group B and C patients respectively; p = 0.003) and with ejection fraction, that was lower
in patients with events (56.0 ± 17 vs 67 ± 11%, p = 0.006). Cardiac death, too, correlated with the type
of coronary lesions (p = 0.03) and with lower ejection fraction (p = 0.004). By means of multivariate
analysis, on the contrary, only the vessel morphology was predictive of ischemic events at follow-up (p
= 0.02), while the only significant predictor of death was ejection fraction (p = 0.0012).

Conclusions. Patients with myocardial infarction and strictly normal vessels have very few is-
chemic events at follow-up, and may be distinguished from both patients with non-significant lesions
as well as those with minor angiographic irregularities. On the other hand, cardiac mortality corre-
lates strongly and independently with a depressed ventricular function.

(Ital Heart J 2004; 5 (10): 732-738)



Methods

Population. We reviewed all the admissions to the
coronary care unit of the University Hospital, Turin,
from 1985 to 1990. Eight hundred seventy-seven pa-
tients had a confirmed diagnosis of AMI21,22 (692
males, 79%; 648 Q wave myocardial infarction, 74%).
There were 114 in-hospital deaths (13%). Coronary an-
giography was performed during hospitalization in 404
(53%) of 762 survivors, and 53 patients (13.1%) were
classified as having angiographically “normal coronary
arteries”.

Definitions and criteria. Coronary angiography was
recommended in case of post-infarction angina and/or
ischemia, complicated course, non-Q wave myocardial
infarction (first infarct), and young age (≤ 40 years).

In all patients multiple views of the coronary arter-
ies were obtained and the ejection fraction was calcu-
lated. The coronary angiographies were analyzed by
three of the authors according to the method of inde-
pendent observers, and depending on the type of coro-
nary lesions, three groups were defined:
- group A: strictly normal coronary arteries, i.e. no ir-
regularity of the wall contour;
- group B: minor irregularities, i.e. small, diffuse ab-
normalities of the coronary lumen profile, without a
discrete filling defect;
- group C: non-significant lesions, i.e. discrete narrow-
ing ≤ 50%.

Follow-up. We followed all the patients of the original
study group either by regular follow-up visits, or
through telephone interviews. The mean follow-up was
125 ± 32 months. The occurrence of the following
events was investigated further: angina, myocardial in-
farction, coronary revascularization by means of percu-
taneous transluminal coronary angioplasty or coronary
artery bypass grafting, and death (sudden, cardiac, non-
cardiac). 

Data analysis. Categorical variables were compared
using the �2 test or the Fisher’s exact test, as appropri-
ate. Continuous variables were compared using the Stu-
dent’s t-test for non-paired data. Comparison among
three or more groups was analyzed by means of one-
way ANOVA analysis, applying the Bonferroni test for
associations within groups. Whenever a statistically
significant difference was found, differences between
paired groups were evaluated using the Pearson t-test.
With regard to univariate/multivariate analysis, the fol-
lowing variables were included: sex, coronary risk fac-
tors, age at infarction, thrombolytic treatment, Q wave
myocardial infarction, peak creatine kinase release, an-
giographic type of coronary abnormality, ejection frac-
tion. The relative risk was calculated. A stepwise logis-
tic regression model (forward conditional) was used. In
our model, we separately considered all the events and

cardiac death as the dependent variable, and included
as covariates those variables which showed a statisti-
cally significant difference at univariate analysis. 

Kaplan-Meier cumulative survival curves were
plotted for survival, cardiac survival, and event-free
survival. Log-rank, Breslow and Tarone-Ware tests
were used to assess the differences between the cumu-
lative survivals.

The results were considered statistically significant
for p values ≤ 0.05. 

Statistical analysis was performed using SPSS sta-
tistical software, 11.5 release (SPSS Inc., Chicago, IL,
USA). 

Results

Study population. The demographic characteristics
and coronary risk factors were similar in patients with
“normal coronary arteries” as a whole (i.e. with coro-
nary lesions ≤ 50%) and in those with at least one lesion
> 50% (Table I), with the exception of age at the time
of infarction, which was younger in the former group.

Comparison of groups A, B and C (Table II). A strict-
ly normal coronary angiogram was found in 16 patients
(group A); minor irregularities were diagnosed in 13
(group B), and discrete non-significant stenoses were
found in 24 (group C). Group A patients were signifi-
cantly younger, had a lower peak creatine kinase re-
lease, and a better ejection fraction than those in groups
B and C. The prevalence of diabetes, hypercholes-
terolemia, hypertension, current smoking and of a fam-
ily history of coronary artery disease did not signifi-
cantly differ among the three groups.

Follow-up. After 10 years, all group A patients were
alive compared with 10 of 13 group B and 14 of 24
group C patients (77 and 58% respectively). Cardiac or
sudden death was observed in 2 of 13 group B vs 8 of
24 group C patients, with a statistically relevant differ-
ence (Table III). Moreover, group A patients had sig-
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Table I. Comparison of patients with “normal” (with ≤ 50% cul-
prit stenosis) and diseased (with > 50% culprit stenosis) coro-
nary arteries.

Stenosis Stenosis p
≤ 50% > 50%

No. patients 53 351
Male sex 43 (81%) 288 (82%) NS
Age at AMI (years) 45.5 ± 11.6 58 ± 9 < 0.0001
Hypercholesterolemia 16 (30%) 147 (42%) NS
Hypertension 22 (42%) 149 (42%) NS
Smoking 34 (64%) 263 (72%) NS
Family history 15 (28%) 91 (26%) NS
Diabetes mellitus 2 (4%) 42 (12%) NS

AMI = acute myocardial infarction.



nificantly less events (none vs 46% in group B patients
and 50% in group C) (Table III). None of our patients
underwent coronary angioplasty or coronary artery by-
pass grafting. At Kaplan-Meier analysis, the actuarial
event-free survival was 133 ± 24 months for group A
patients, 117 ± 21 months for group B, and 111 ± 16
months for group C (p = 0.006). Figure 1 shows the ac-
tuarial event-free survival curve of group A, B and C
patients. The survival free of cardiac death was 120 ±
16 months for patients with ejection fraction < 50%,

and 184 ± 74 months for patients with ejection fraction
≥ 50% (p < 0.005). Figure 2 shows the actuarial sur-
vival curves of 44 patients with ejection fraction ≥ 50%
and of 9 patients with ejection fraction < 50%.

Univariate analysis. The results of univariate analysis
are shown in tables IV and V.

Predictors of events. Angiographic abnormalities of the
coronary vessels, older age, and lower ejection fraction
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Table II. Comparison of the patients with “normal” coronary arteries: groups A, B and C. Epidemiology and clinical features of acute
myocardial infarction (AMI).

Group A Group B Group C p
(n=16) (n=13) (n=24)

Male sex 13 (81%) 8 (62%) 22 (92%) NS
Age at AMI (years) 37.2 ± 13.1 51.8 ± 7.9 47.6 ± 9.3 0.0009 A vs B
Angina before AMI 4 (25%) 1 (8%) 7 (29%) NS
Peak CK (IU/l) 591 ± 265 777 ± 434 1439 ± 1243 0.009 A vs C
Thrombolysis 9 (56%) 6 (46%) 10 (40%) NS
Extension 0 1 (8%) 4 (17%)
EF (%) 72 ± 10 63 ± 17 59 ± 13 0.02 A vs C

CK = creatine kinase; EF = ejection fraction.

Table III. Events at follow-up.

Group A Group B Group C p
(n=16) (n=13) (n=24)

Follow-up (months) 133.2 ± 23.9 126.5 ± 30.8 118.1 ± 37.2 NS
Total mortality 0 3 (23%) 10 (42%) 0.011
Cardiac and sudden death 0 2 (15%) 8 (33%) 0.029
All events* 0 6 (46%) 12 (50%) 0.003

* all events include cardiac and sudden deaths, post-infarction angina, new acute myocardial infarction, heart failure, coronary artery
bypass graft.

Figure 1. Actuarial event-free survival for patients of study group A
(strictly normal coronary arteries), B (minor irregularities of the wall
contour) and C (discrete, non-significant narrowing ≤ 50%).

Figure 2. Actuarial survival of patients with ejection fraction (EF)
< 50% vs ≥ 50%.



were significantly associated with the occurrence of
events at univariate analysis (Table IV). 

Predictors of cardiac death. At univariate analysis, car-
diac mortality was significantly associated with coro-
nary angiographic abnormalities, older age, no throm-
bolysis in the acute setting, and lower ejection fraction
(Table V).

Multivariate analysis. At multivariate analysis, only
the angiographic morphology of the coronary vessel
was found to be significantly predictive of events (p =
0.0238; Table VI), while the only significant predictor
of death was the ejection fraction (p = 0.0012; Table VI).

Discussion

The occurrence of an AMI in a patient without evi-
dence of coronary artery disease is well known. The
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Table V. Univariate analysis. Cardiac mortality vs alive.

Cardiac mortality Alive or non- p RR 95% CI
(n=10) cardiac death (odds ratio)

(n=43)

Coronary lesions 0.03 – –
Group A 0 16 (37%)
Group B 2 (20%) 11 (27%)
Group C 8 (80%) 16 (37%)

Male sex 10 (100%) 33 (77%) NS 1.3 1.1-1.5
Age at AMI (years) 52 ± 11 44 ± 11 0.017 – –
Family history 3 (30%) 12 (28%) NS 1.1 0.2-5
Anterolateral AMI 8 (80%) 20 (46%) 0.056 3.6 0.8-15.3
Q wave AMI 7 (70%) 26 (60%) NS 1.5 0.3-6.7
No thrombolysis 9 (90%) 19 (44%) 0.009 1.4 1.1-1.8
Peak CK (IU/l) 1086 ± 1460 980 ± 790 0.056 – –
EF (%) 51 ± 20 66 ± 11 0.004 – –

AMI = acute myocardial infarction; CI = confidence interval; CK = creatine kinase; EF = ejection fraction; RR = relative risk.

Table IV. Univariate analysis. Total events vs event-free.

With events Event-free p RR 95% CI
(n=18) (n=35) (odds ratio)

Coronary lesions 0.003 – –
Group A 0 16 (46%)
Group B 6 (33%) 7 (20%)
Group C 12 (67%) 12 (34%)

Male sex 16 (89%) 27 (77%) NS 2.1 0.5-8.7
Age at AMI (years) 51 ± 9 43 ± 12 0.017 – –
Family history 7 (39%) 8 (23%) NS 1.2 0.8-1.9
Anterolateral AMI 12 (67%) 16 (46%) NS 1.6 0.8-3.3
Q wave AMI 11 (61%) 22 (63%) NS 1.1 0.4-1.9
No thrombolysis 12 (67%) 16 (46%) NS 1.6 0.8-3.3
Peak CK (IU/l) 1078 ± 1173 959 ± 803 NS – –
EF (%) 56 ± 17 67 ± 11 0.006 – –

AMI = acute myocardial infarction; CI = confidence interval; CK = creatine kinase; EF = ejection fraction; RR = relative risk.

rate of such an event accounts for 1 up to 12% of all
myocardial infarctions. These figures are even higher if
only AMI occurring before the age of 40 (the so-called
“juvenile” AMI) are considered, increasing to 22% for
males and 34% for females. These prevalence data have
been extrapolated from those of the CASS Registry23,24. 

To the best of our knowledge, two main theories
have been proposed in an attempt to explain these syn-
dromes: endothelial dysfunction triggered by an in-
flammatory pathway, and coronary spasm, possibly su-
perimposed on a trivial coronary stenosis. Cigarette
smoking has been viewed as a possible trigger of an
acute ischemic syndrome, by eliciting a sustained coro-
nary spasm12,19,25-27. However, this mechanism has not
been always demonstrated in the clinical setting28, and
neither can we confirm a higher prevalence of cigarette
smoking among our patients. 

Acquired or, more frequently, congenital defects of
the coagulation pathway have been sometimes identi-
fied, but are not so common in clinical practice. Our



study is a follow-up study based on historical data (ret-
rospective analysis of case records and coronary an-
giographies). For this reason, an etiological evaluation
is beyond the scope of the present article. 

Nowadays, however, the most likely explanation for
the occurrence of AMI in the absence of detectable ath-
erosclerotic disease relies on the well recognized inac-
curacy of coronary angiography in detecting subtle
changes of the vessel wall that could be responsible for
an acute thrombosis of the lumen. The use of intravas-
cular ultrasound allowed the identification of anatomi-
cal changes in the coronary artery wall even in angio-
graphically normal segments29,30. Nevertheless, coro-
nary angiography remains a pivotal diagnostic and
prognostic tool. In fact, as previously described31, the
extension and seriousness of the angiographic findings,
graded according to the classical criteria, is strongly re-
lated to the presence of thrombogenic wall lesions. In
other words, the more extensive the angiographically
detected atherosclerotic burden, the higher the chances
of finding complex, unstable, although not obstructive,
lesions. 

From the clinical point of view, patients with angio-
graphically normal coronary arteries are younger, have
better systolic and diastolic ventricular functions, and
their AMI is often the first clinical manifestation of is-
chemic disease, not being preceded nor followed by an-
gor, while there are no significant differences in the in-
farction site32. In our study, we were able to confirm
that patients who are found to have a stenosis ≤ 50% are
significantly younger but we could not confirm a lower
prevalence of the conventional cardiovascular risk fac-
tors.

As for the prognosis, it is well known that patients
without significant organic stenosis fare better than

those with definite coronary artery disease. This find-
ing is partly dependent on the other features described
above, such as age and systolic function. Previous
works have variably defined globally normal coronary
arteries as those with no stenosis at all10, with stenoses
< 25%18, < 30%7,12,21,23, and < 50%6,9,21,26,27. Owing to
this, the rate of major ischemic events was 20% after 3
years in the work of Pecora et al.33. Similarly, the mor-
tality rates ranged from 0% at 26 and 4 years12, to 2.5%
at 1.5 years9, 5% at 5 years23, and 15% at 10.5 years18.
Our follow-up data referring to the study population as
a whole show a 34% event rate and a 19% mortality rate
at 10 years and are hence comparable with those re-
ported by other authors. The slight discrepancy with
our results seems to be due to the different inclusion
criteria (that is, the percent of luminal narrowing taken
as the cut-off point between “normal” and “diseased”
coronary arteries), and perhaps to the criteria employed
for coronary angiography, which was employed more
frequently over time. Still, the analyses performed in
the present study clearly identify a better prognosis for
patients with strictly normal coronary arteries, and a
worse follow-up status for patients with even trivial
coronary artery involvement. Hence, our finding that
group A patients are totally free of ischemic events and
of cardiac death, whereas group B and C patients pre-
sent with definite ischemic events (46 and 50% respec-
tively) and with cardiac death (23 and 42%) seems
more accurate.

Thus, a more accurate distinction on the basis of
even relatively minor angiographic differences seems
warranted. With regard to this, Proudfit et al.34 had al-
ready shown in 1980 that the 10-year survival was sig-
nificantly better (93.6 vs 74.6%) in patients with le-
sions < 30% (normal and mild narrowing) compared to
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Table VI. Multivariate analysis. Method: stepwise logistic regression, forward conditional. 

Covariates Initial significance, Term Significance, Residual Significance,
model z2 removed model z2 covariates model z2

Total Single
equation covariate

Dependent variable:
ischemic events

Group of coronary 0.0314 0.0227 Group 0.0238 EF 0.1755
lesions (A, B, C)
EF 0.0262

Total Single
equation covariate

Dependent variable:
cardiac death

Group of coronary 0.012 0.50 EF 0.0012 Group 0.9286 0.9
lesions (A, B, C)

Peak CK 0.000 Peak CK 0.96
EF 0.0004
EF < 50% 0.018 EF < 50% 0.19

AMI = acute myocardial infarction; CK = creatine kinase; EF = ejection fraction.



those with a 30-50% stenosis (moderate narrowing).
Moreover, even a retrospective analysis performed by
Ziemmerman et al.19 on 8839 patients included in the
CASS registry confirms a significantly higher survival
rate in the group with a normal angiography (91 vs 75%
during a 7-year time span). On the other hand, in this
study the presence of detectable, albeit not hemody-
namically significant, coronary artery disease portends
a higher risk of reinfarction (16 vs 5% in the group with
strictly normal coronary arteries, during a 7-year fol-
low-up). Interestingly, studies comparing angiogra-
phies performed after a second myocardial infarction
clearly disclose that most reinfarctions are due to the
abrupt occlusion of a coronary artery tract which had
been seen to be characterized by just subtle parietal
changes at the first diagnostic study28,34,35. 

As for the prognostic role of left ventricular dys-
function, its significance with respect to mortality is
emphasized in a more recent prospective study. This
study confirms the known better event-free survival of
patients with a strictly smooth vascular contour as com-
pared to those with > 50% coronary artery stenosis
(75% event-free survival at 35 months vs 61%)32. How-
ever, at the same time it also highlights that the mortal-
ity does not significantly differ among the two groups,
whereas left ventricular systolic function and diabetes
mellitus turn out to be the only two independent vari-
ables correlated with death. 

Study limitations. Our study is a prospective study
based on historical data. Our population was defined in
1990 by retrospective analysis of case records and re-
view of coronary angiographies. From then on, we
prospectively followed our population at regular outpa-
tient visits. 

The study population is quite small but is all the
same comparable to, or even greater than, those report-
ed in the recent literature28,32.

We did not perform a Cox proportional hazard re-
gression model analysis. However, to the best of our
knowledge, our study is the only one which analyzes
survival using the Kaplan-Meier method.

We also analyzed risk factor modification through-
out the follow-up period, and the related medications
prescribed. However, we chose not to report these re-
sults in the present study because we think that is-
chemic events and death provide the strongest statisti-
cal arguments when evaluating follow-up data. 

The concept that even mild coronary lesions may
pose a risk of subsequent coronary event is well ac-
cepted, although still debated36. However, the only
study that followed ischemic patients over a compara-
bly long time is that of Proudfit et al.34. In spite of the
fact that even this latter study proved this assumption,
it unfortunately only included patients with suspected
coronary disease, and not with a diagnosed myocardial
infarction; moreover, the follow-up period (1970-1980)
clearly precedes the widespread use of thrombolysis,

aspirin, beta-blockers and ACE-inhibitors, that are now
held to be the mainstay of the management of ischemic
patients.

In conclusion, our study clearly shows that patients
with “normal” or “near-normal” coronary arteries (our
three A, B, C patient groups: with strictly normal coro-
nary arteries, with minor irregularities of the wall con-
tour and with ≤ 50% lesions respectively) differ signif-
icantly. As a matter of fact, multivariate analysis and
cumulative survival analysis confirmed that a de-
pressed left ventricular function is the only independent
predictor of cardiac death. As far as ischemic events are
concerned, only strictly normal coronary arteries ap-
pear to have an ischemia-free survival, whereas the an-
giographic finding of even minimal coronary lesions is
significantly related to the occurrence of events. In this
regard, it should be noted that minor irregularities of
the wall contour have the same prognostic value as dis-
crete non-significant lesions. 

Thus, after a myocardial infarction, patients with
minimal irregularities of the wall contour need careful
follow-up and secondary prevention, even though in the
absence of a depressed left ventricular function their
cardiac mortality will be low.
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