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Acute Coronary Syndrome
without Significant
Stenosis on Angiography

Characteristics and Prognosis

The characterization of patients who have acute coronary syndrome (ACS) without critical
stenosis is unclear. First, we wanted to learn more about the angiographic and demo-
graphic characteristics of patients with non-ST-segment-elevation myocardial infarction
who were not in need of percutaneous coronary intervention (PCI) or coronary artery by-
pass grafting (CABG). Second, we wanted to look for further cardiac events during follow-
up.

We retrospectively analyzed all patients with ACS plus ischemic-marker elevation from
May 2002 through September 2005. Follow-up was obtained primarily by telephone inter-
views. Of the 1,437 ACS patients who were screened, 127 (8.8%) had noncritical stenosis
(study group), and 509 (35.4%) had sufficient stenosis (>560%) to warrant PCI (control
group). Patients with noncritical stenosis (<50%) were significantly younger, were more
frequently women, and had fewer risk factors. Myocardial infarction or PCI/CABG oc-
curred in no patients with noncritical stenosis (follow-up, 12.2 mo) and in 5.1% or 16.1%
(respectively) of patients with critical stenosis (follow-up, 11.1 mo; P <0.05 for revascu-
larization). Cardiac death was more likely in patients without critical stenosis, but insignifi-
cantly so (2.4% vs 1.8%, P=0.6).

Subanalysis: Of patients without critical stenosis, 52.8% had smooth coronary arteries,
and 47.3% had mild-to-moderate atherosclerosis (stenosis <50%). Follow-up revealed no
deaths in the 1st subgroup and 3 cardiac deaths (5%) in the 2nd (P=0.06).

We conclude that the prognosis of patients without significant stenosis was signifi-
cantly better in regard to revascularization, but statistically the same in regard to mortality.
(Tex Heart Inst J 2008;35(4):406-12)

n patients who have acute coronary syndromes, an elevated level of cardiac tro-
ponins (suggestive of myocardial necrosis) is a well-known risk factor for fatal
events.'

However, the characterization of and prognosis for patients who present with acute
typical anginal pain and elevated ischemic markers—but without critical coronary ar-
tery stenosis—remain uncertain. The importance of this problem, which occurs in up
to 6% of patients with troponin-positive acute coronary syndrome (ACS) and which
seems to be associated with significant morbidity and death,” appears to be underes-
timated in clinical practice.

The purpose of our analysis was, first, to compare demographlc and clinical find-
ings in patients who have ACS without critical stenosis (Group I) with those same
findings in patients who have ACS with stenosis critical enough to warrant percutane-
ous coronary intervention (PCI) (Group II). Further, we sought to determine wheth-
er it is possible before cardiac catheterization to differentiate between patients with or
without critical narrowing of the coronary arteries; to test whether a subdivision of
the ACS-withoutcritical-stenosis group could provide more information about this
clinical entity; and to compare the prognosis of patients in both ACS groups (with
and without critical stenosis) during long-term follow-up.

Patients and Methods

Using our hospital’s database, we retrospectively analyzed the records of all consecu-
tive patients who had been admitted from May 2002 through September 2005 with
acute typical angina pectoris and elevation of an ischemic marker: troponin I, cre-
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atine kinase, or both. All patients had undergone cardi-
ac catheterization within 12 hours of admission to our
hospital.

The study population (Group I) consisted of indi-
viduals whose coronary angiogram showed noncritical
stenosis (£50%). Such patients were compared with pa-
tients in a control group (Group II), who had coronary
stenosis substantial enough (>50%) to warrant percu-
taneous coronary intervention.

Patients were excluded from both groups under the
following circumstances: the presence of ST-segment-
elevation myocardial infarction (STEMI); a requirement
for urgent coronary artery bypass grafting (CABG) af-

ter angiography (in consideration of the associated rate
of perioperative morbidity and death); refusal by the
patient to undergo PCI or CABG after cardiac cathe-
terization; false diagnosis of STEMI as indicated by
pacemaker rhythm or bundle-branch block upon elec-
trocardiography (ECG); renal failure, defined here as
elevation of creatinine (>220 pmol/L) or as a new or
permanent requirement for hemodialysis—which could
interfere with measurement of troponin I; sepsis or other
infectious disease (clinical signs: fever >38 °C or C-
reactive protein >100 mg/L); and pulmonary embo-
lism (Fig. 1). Pulmonary embolism was ruled out in
each patient of the study group by determining the level

1,437 patients presented at our institution with acute onset of
chest pain + elevation of ischemic markers (5/2002—-9/2005)

f‘> Excluded: n =462 (STEMI)

Excluded: n = 194 (urgent
CABG directly after cardiac
catheterization)

Excluded: n =78
(significant coronary artery
stenosis, no consecutive
treatment [PCI or CABG])

j> Excluded: n = 61 (bundle

branch block, pacer rhythm,
renal failure, hemodialysis)

Excluded: n = 6 (other
diagnosis [lung embolism,
endocarditis])

Included: n = 509 patients
(35.4 %) with ACS + PCI
(control group)

Fig. 1 Source of data for this study.

Included: n = 127 patients
(8.8 %) with ACS without
significant stenosis (study

group)

ACS = acute coronary syndrome; CABG = coronary artery bypass grafting; PCl = percutaneous coronary intervention; STEMI =

ST-segment-elevation myocardial infarction
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of D-dimers; and, whenever D-dimers were elevated, a
computed tomographic scan of the lungs was carried
out for definitive diagnosis.

The threshold used to define a positive troponin I test
was 0.1 ng/mL and to define a positive test of D-dimers
was 0.3 mg/L. Blood was collected in the emergency de-
partment. Basic data, previous medications, and labora-
tory values were recorded on clinical report forms.

Electrocardiographic Analysis

All ECGs were analyzed retrospectively by an indepen-
dent observer, who recorded ST-segment depression, Q
waves, and T-wave inversion.

Cardiac Catheterization

All angiograms—recorded after intracoronary applica-
tion of nitrates—were analyzed retrospectively by an
independent operator. All patients with ACS and steno-
sis that was visually estimated to be greater than 10%
were evaluated further by means of quantitative coro-
nary angiography (Quantcor QCA® V2.0; Pie Medical
Imaging; Maastricht, The Netherlands). The percent
diameter stenosis, minimal luminal diameter, length of
stenosis, and reference diameter were calculated by ap-
plying the “worst-view” method.

We isolated and defined 2 subgroups within our
Group I study population: patients with no detectable
atherosclerosis and patients with atherosclerosis (1%—
50% diameter stenosis).

Intraluminal thrombus was defined as an intralu-
minal filling defect separate from the adjacent vascular
wall, an ulcer was defined as a breakdown of the plaque
surface, and vasospasm was defined as a stenosis that
could be reversed by the application of nitrates.

Takotsubo-like left ventricular cardiomyopathy was
defined as hypokinesis or akinesis from the mid-portion
to the apex of the left ventricle together with hyperki-
nesis in the base, wherever this extended over a territo-
ry supplied by more than 1 coronary artery.’

Follow-Up

Follow-up data were obtained by reviewing the patient’s
hospital charts, by standardized telephone interviews,
by contact with the patient’s physician, or by periodic
outpatient visits. Anginal status was noted, and events
were identified as myocardial infarction or as those re-
quiring reintervention or readmission to the hospital.
The cause of death was subclassified as cardiac or non-
cardiac.

Statistics

Continuous variables were expressed as mean £ SD.
Comparisons for continuous variables were performed
using Student’s # test. All P values were 2-tailed, and a
P value <0.05 was considered to be statistically signif-
icant.
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Results

Basic Data

We identified 1,437 consecutive patients with recent
onset of chest pain and a serum elevation of troponin
I or creatine kinase who were admitted to our hospital
from May 2002 through September 2005.

In accordance with our above criteria, we excluded
801 patients (Fig. 1). One hundred twenty-seven pa-
tients (8.8% of all screened patients) were found to
have ACS and no critical narrowing of a coronary ar-
tery (Group 1, the study population), and 509 patients
(35.4% of all screened patients) were found to have ACS
with coronary stenosis substantial enough to warrant
PCI (Group 11, the control group).

Significant differences between these 2 groups of pa-
tients were found in terms of age, sex, history of pre-
vious myocardial infarction, concomitant medication,
and anginal status, and with regard to risk factors other
than current smoking status (Table I). Group I patients
were significantly younger and more often female, and
they had fewer cardiovascular risk factors. Atrial fibril-
lation and severe angina (Canadian Cardiovascular So-
ciety class I1I or IV) were more frequent among these
patients. Significantly more Group I patients had un-
dergone lysis without ST-segment elevation before trans-
ferring to our center, but concomitant use of GP IIb/

TABLE I. Basic Data on ACS Patients with and without
Critical Stenosis

Group | Group
Characteristic (Without CS)  (With CS)  PValue
No. 127 509 -
Mean age, yr 60.3+154 78+238 0.048
(range) (23-85) (35-92)
Men, n (%) 60 (47.2) 344 (67.6) <0.05
History of previous 9(7.1) 81(156.9) <0.05
myocardial infarction, n (%)
Prior lysis, n (%) 26 (20.5) 9 (1.8) <0.05
Concomitant use of 10 (7.9) 141 (27.7)  <0.05
GP llb/llla antagonists,
n (%)
Angina pectoris, CCS 97 (76.4) 202 (39.7) <0.05
class llI-1V, n (%)
Diabetes mellitus, n (%) 26 (20.5) 198 (38.9) <0.05
Hypertension, n (%) 88 (69.3) 457 (88.6) <0.05
Hyperlipidemia, n (%) 55 (43.3) 309 (60.7) <0.05
Persistent smoker, n (%) 32 (25.2) 124 (24.4) 0.9
Persistent/paroxysmal 31(24.4) 55(10.8) <0.05

atrial fibrillation, n (%)

ACS = acute coronary syndrome; CCS = Canadian Cardiovas-
cular Society; CS = critical stenosis
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[1Ia antagonists was more frequent among Group II pa-
tients. No Group I patient showed any evidence of in-
travascular thrombotic material.

Laboratory Values

We recorded the maximum levels of creatine kinase
(pmol/s/L) during the hospital stay. For Group I, these
were: mean, 6.06 + 8.8; range, 0-54.6. For Group 1I,
these were: mean, 7.1 £ 10.8; range, 0.3-103.9 (P=0.4).
We also recorded the initial levels of troponin I (ng/
mL). For Group I, these were: mean, 11.83 £ 30.2;
range, 0-246. For Group 1I, these were: mean, 9.98
22.8; range, 0.09-352 (P=0.5). The initial levels (at ad-
mission) of C-reactive protein (mg/L) were also exam-
ined. For Group I, these were: mean, 21.9 £ 34.2; range,
0.1-219. For Group 1I, they were: mean, 16.3 £ 33.5;
range, 0.1-268 (P=0.09). We found no statistically sig-
nificant differences between any of these findings.

Electrocardiographic Analysis

Analysis of the ECG for the presence of ST-segment
depression (Group I, 27 [21.3%] versus Group 11, 79
[15.5%], P=0.2) and the presence of T-wave inversion
(Group I, 65 [51.2%] versus Group II, 206 [40.5%],
P=0.00) revealed no significant differences. However,
Q waves were significantly more frequent among Group
[ patients: 14 (11%) versus 27 (5.3%) among Group II
patients, P=0.03.

Angiographic and Quantitative

Coronary Angiographic Analysis

The left ventricular ejection fraction of both groups
showed no differences. Analysis of regional wall-mo-
tion abnormalities showed significantly more abnor-
malities in Group II patients, although the number of
segments, per patient, with regional wall-motion abnor-
mality was significantly higher among Group I patients.
If a stenosis was present, we found a matched regional
wall-motion abnormality in 25.2% of Group I patients,
versus 62.7% of Group II patients (2 <0.05; Table II).

In Group I patients, we found normal coronary ar-
teries with no suspected atherosclerosis in 52.8% and
noncritical stenosis or sclerosis in the remainder (Fig,
2A). When stenosis was present in Group I patients, its
distribution was predominantly (61%) in the left ante-
rior descending coronary artery (Fig. 2B).

Quantitative coronary angiographic analysis of the
stenoses (11%—50%) in Group I patients showed a mean
percentage diameter of 28.2% (range, 19%-37%) for
the right coronary artery and 39.3% (range, 31%—46%)
for the right circumflex artery, and a mean minimal lu-
minal diameter of 2.25 mm (range, 1.77-3.43 mm) for
the right coronary artery and 1.91 mm (range, 1.56—
2.25 mm) for the right circumflex artery.

We found no evidence of any thrombus, ulcer, or va-
sospasm in any Group I patient.

A

ONormal coronary arteries without
26.8 suspected atherosclerosis

OSclerosis (1%-10%)

H Stenosis (11%-50%)

W

OLAD
ORCX
BRCA

Fig. 2 Angiographic data pertaining to patients who had acute
coronary syndrome without critical stenosis (n=127). A) Percent-
ages of patients with no visible stenosis, very little stenosis,

or moderate stenosis; and B) locations of moderate stenosis
(>10%—-50%) in 34 patients (with 41 stenoses).

LAD = left anterior descending coronary artery; RCA = right
coronary artery; RCX = right circumflex artery

TABLE Il. Angiographic Analysis of ACS Patients with and without Critical Stenosis

Characteristic Group | (Without CS) Group Il (With CS) P Value
Number of patients 127 509 -
Mean left ventricular 56.6% £ 14.4% (10%-84%) 57.7% +11.7% (20%-88%) 0.4

ejection fraction, % (range)
Regional wall-motion abnormalities, n (%) 60 (47.2) 344 (67.6) <0.05
Mean number of segments with 2.5+1.8(0-7) 1.8+1.7(0-7) <0.05
regional wall-motion abnormality
per patient (range)
Stenosis (if present) + matched 32 (25.2) 319 (62.7) <0.05

regional wall-motion abnormality, n (%)

ACS = acute coronary syndrome; CS = critical stenosis
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A takotsubo-like left ventricular cardiomyopathy was
identified in 10 Group I patients (7.9%), and a muscu-
lar bridge was found in 5 Group I patients (3.9%). No
variant of a takotsubo-like left ventricular cardiomyop-
athy was observed in Group IL

Cardiac Magnetic Resonance Imaging

In the 21 patients who underwent cardiac magnetic res-
onance imaging (MRI), cine studies of 10 (47.6%) re-
vealed spotted hyperintense lesions (with or without
late enhancement) or edema (focal or global) suggestive
of an ongoing myocarditis. None of these 10 patients
with possible myocarditis had stenosis as we defined
it (11%-50%). Nine of these patients (90%) had nor-
mal coronary arteries with no suspected atherosclerosis,
while the remaining patient had coronary atherosclero-
sis (1%—-10% ). Nine of 11 patients (81.8%) without
conspicuous MRI findings had normal coronary arter-
ies with no suspected atherosclerosis, while 2 patients
(18.2%) did manifest atherosclerosis (1% —10%).

Follow-Up Data

The mean follow-up duration was 12.2 months (range,
0.3—43 mo) in Group I patients and 11.1 months (range,
1-40 mo; P=0.3) in Group II patients.

Therapy with aspirin, clopidogrel, or oral anticoag-
ulants was significantly more frequent among Group
IT patients than among Group I patients. Myocardial
infarction was observed in no Group I patient and in
5.1% of Group II patients (2 <0.05).

All deaths were homogenously distributed, whether
they were of a cardiac, noncardiac, or unexplained na-
ture. Analysis of the deaths of Group I patients revealed
that 2 patients died due to cardiogenic shock during the
hospital stay, 1 patient died at home due to heart fail-
ure, and 2 died of noncardiac causes (intestinal infarc-
tion and cancer). We observed a nonsignificant trend
towards a higher cardiac mortality rate among Group I
patients (2.4% vs 1.8%, P=0.6).

Readmission to the hospital and revascularization were
observed in significantly more Group II patients, but the
incidence of cardiac decompensation was not different
between these 2 groups (Table I1I).

Subanalysis: Acute Coronary Syndrome

with and without Atherosclerosis

We isolated and defined 2 subgroups within our Group
I study population: patients with no detectable athero-
sclerosis and patients with atherosclerosis (noncritical
stenosis of 1%—50% diameter). Patients who had no
detectable atherosclerosis were significantly younger
(mean, 53.8 + 16.2 yr; range, 23—84 yr) than were the
patients who had 1%-50% stenosis (mean, 67.5 £ 11 yr;
range, 42-85 yr, P <0.05), were mostly female (65.7%
vs 38.3%, P <0.05) and manifested significantly fewer
risk factors (for diabetes mellitus, 9% vs 33.3%; P <0.05;
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TABLE Ill. Follow-Up Data (All Patients)

Group | Group Il
Characteristic (Without CS)  (With CS) P Value
Number 127 509 -
Mean follow-up duration, 12.2£9.1 11.1£8.9 0.3
mo (range) (0.3-43) (1-40)
Therapy with aspirin, 55(43.3) 459(90.2) <0.05
clopidogrel, or oral
anticoagulation during
follow-up, n (%)
Freedom from angina, n (%) 105(82.7) 279(54.8) <0.05
Angina pectoris CCS 4(3.2) 40 (7.6) <0.05
class -1V, n (%)
Myocardial infarction during 0 26 (5.1) 0.01
follow-up, n (%)
All deaths, n (%) 5(3.9) 24.(4.7) 0.7
Cardiac death, n (%) 3(2.4) 9(1.8) 0.6
Noncardiac death, n (%) 2(1.6) 9(1.8) 0.9
Unexplained death, n (%) 0 5(0.9) 0.3
Readmission to hospital, n (%) 7 (5.5) 343 (67.4) <0.05
Cardiac decompensation 1(0.8) 8(1.6) 0.5
during follow-up, n (%)
PCl or CABG during 0 82(16.1)  <0.05
follow-up, n (%)
Lost to follow-up, n (%) 8(6.3) 22 (4.3) 0.4

ACS = acute coronary syndrome; CABG = coronary artery by-
pass grafting; CCS = Canadian Cardiovascular Society; CS =
critical stenosis; PCl = percutaneous coronary intervention

and for hypertension, 53.7% vs 86.6%; P <0.05), with
the exception of hyperlipidemia (35.8% vs 52.6%; P=
0.07). Atrial fibrillation was homogenously distribut-
ed (23.9% vs 25%; P=1.0). The left ventricular ejec-
tion fraction was significantly lower among Group I
patients who had 1%-50% stenosis (mean, 53.26% +
15.3%; range, 10%—-76%) than among Group I pa-
tients who had normal angiograms (mean, 59.59% =
13.1%; range, 26%— 84%; P <0.05).

Study of the follow-up data revealed no deaths among
patients who had normal coronary arteries, versus 3 car-
diac deaths (5%) among patients who had atherosclero-
sis (P=0.06). Myocardial infarction was observed in no
patient of either group.

Discussion

Patients who display both acute coronary syndrome and
elevation of ischemic markers suggestive of myocardi-
al damage are at high risk of fatal events,' but in some
cases angiography reveals no critical stenosis.

After we safely excluded other possible causes of a rise
in ischemic markers, we observed this phenomenon in a
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large patient series at a frequency of approximately 9%,
afigure that agrees well with the findings of other stud-
ies.

In our attempt to answer the question of whether one
can feasibly discriminate, before cardiac catheterization,
between these 2 syndromes (ACS with no critical nar-
rowing of a coronary artery vs ACS with coronary ste-
nosis substantial enough to warrant PCI), we used tests
that were not able to make such a distinction. For ex-
ample, we found that C-reactive protein levels increased
in troponin-positive patients regardless of whether they
had critical stenosis or not, just as Dokainish and asso-
ciates observed.”

The prognosis of patients with ACS who have no crit-
ical narrowing of a coronary artery seems to be bet-
ter than that of patients with ACS who have coronary
stenosis substantial enough to warrant PCI; however,
in our study cardiac death and cardiac decompensation
occurred in both groups, with no significant differenc-
es between groups. Other authors have reported a high-
er incidence of cardiac death among troponin-positive
patients with coronary artery disease,’ or near-identical
rates of death, infarction, or readmission for troponin-
positive patients with or without coronary artery dis-
ease.” In our study, the prognosis of Group I patients in
regard to survival was not different from that of Group
IT patients, but the Group I prognosis in regard to re-
peat hospitalization was better.

What causes this elevation of ischemic markers that
suggests an ongoing destructive process inside the myo-
cardium? Our analysis of Group I patients revealed 2
subgroups with different characteristics and prognoses
—which might shed some light on the pathogenesis of
this syndrome.

Approximately half of our Group I patients had nor-
mal coronary arteries without any suspected atheroscle-
rosis, whereas the rest showed signs of atherosclerosis
(1%-50% diameter stenosis). In these patients with-
out atherosclerosis, we observed a nonsignificant trend
towards a lower mortality rate.

Using cardiac MRI as a sensitive approach to the de-
tection of myocarditis, we found signs of myocarditis in
some of these patients without atherosclerosis, an obser-
vation that is consistent with those of other studies.**

Patients with atherosclerosis (stenosis <50%) and ACS
had a worse prognosis than did those who had smooth
coronary arteries. Altogether, these findings support
the concept of an insubstantial but malignant stenosis
that has a pathogenesis and prognosis resembling that of
ACS with coronary stenosis substantial enough to war-
rant PCI; yet it falls into a different subgroup. This idea
was further developed by Scheffold and colleagues.’

Other possible causes of ACS with no critical narrow-
ing of a coronary artery include coronary vasospasm. A
positive spasm provocation test>'*"' and a microvascu-
lar dysfunction test" have been described. We of course
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were not able to use these in a retrospective study, nor
did we find any transitional ST-segment elevation or
vasospasm during our study of the angiograms of these
patients.

Overlapping syndromes—such as “takotsubo cardio-
myopathy” or “stress cardiomyopathy”—have an analo-
gous pathogenesis that is sometimes due to exaggerated
sympathetic stimulation; they also play an important
causative role in ACS. We observed apical ballooning
in 8.7% of our Group I patients.'*"*"

In conclusion, ACS with no relevant narrowing of a
coronary artery is a frequently occurring syndrome with
a heterogeneous pathogenesis. It therefore demands fur-
ther evaluation in order that better treatment approach-
es might be developed.

Limitations

This study was a single, high-volume-center analysis,
which was nonrandomized and retrospective. An im-
plicit bias due to loss of patients during follow-up may
have played an important role.

Conclusion

Patients with elevated ischemic markers but no critical
narrowing stenosis represented approximately 9% of all
patients whose records we screened; differentiation, be-
fore cardiac catheterization, into patients with critical
versus noncritical stenosis was not possible.

Although the prognosis of Group I patients (who had
ACS with no critical stenosis) was better than that of
Group II patients (who had ACS with coronary stenosis
severe enough to warrant PCI), cardiac death occurred
without any significant difference between the groups.
A subdifferentiation of 2 distinct syndromes of ACS
with no critical stenosis seems to be plausible: the st
subgroup consists of patients with atherosclerosis and
an inferior prognosis due to an insubstantial but symp-
tomatic stenosis; and the 2nd subgroup consists of pa-
tients with no signs of atherosclerosis, but usually with
myocarditis.
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