Clin Res Cardiol (2011) 100:457-467
DOI 10.1007/s00392-010-0269-9

ORIGINAL PAPER

Incidence and distribution of occluded culprit arteries
and impact of coronary collaterals on outcome in patients
with non-ST-segment elevation myocardial infarction

and early invasive treatment strategy

Philipp Bahrmann - Justus Rach - Steffen Desch -
Gerhard C. Schuler - Holger Thiele

Received: 26 August 2010/ Accepted: 2 December 2010/ Published online: 17 December 2010

© Springer-Verlag 2010

Abstract

Background It is assumed that patients with non-ST-
elevation myocardial infarctions (NSTEMI) showing an
infero- or posterolateral occluded culprit artery (OCA)
during diagnostic angiography frequently elude standard
12-lead electrocardiogram diagnosis. In addition, coronary
collaterals may have beneficial effects in patients with
OCA.

Methods We examined 448 consecutive NSTEMI
patients within 72 h of symptom onset. All patients
underwent early invasive angiography plus optimal medi-
cal therapy. We compared clinical characteristics and
30-days/6-month major adverse cardiovascular events
(MACE) between patients with OCA and non-OCA. The
secondary objective was to investigate the effect of angi-
ographically visible coronary collaterals on 6-month
MACE in patients with OCA.

Results  The angiograms revealed OCA in 130 (29%) of
448 patients. Patients with OCA showed more often infero-
or posterolateral lesions (75 vs. 53%, p < 0.001) and more
collaterals (57 vs. 8%, p < 0.001) compared with those with
non-OCA. Patients with OCA had larger infarcts (peak CK-
MB 2.1 &£ 2.3 vs. 1.2 £ 1.1 pmol/L/s, p < 0.001), lower
left ventricular ejection fraction (42 £ 21 vs. 48 £ 20%,
p = 0.01), were more often revascularized (89 vs. 78%,
p = 0.005), and had higher risk-adjusted 6-month MACE
largely driven by its association with non-fatal reinfarctions
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(HR 2.16, 95% CI 1.04—4.50, p = 0.04). Patients with OCA
and angiographically absent collaterals had significantly
higher risk-adjusted 6-month MACE than those with OCA
and angiographically visible collaterals (HR 1.96, 95% CI
1.02-3.76, p = 0.04).

Conclusions Approximately one-fourth of patients with
NSTEMI revealed OCA that was more frequently found in
coronary arteries supplying the infero- or posterolateral
myocardium. Patients with OCA had larger infarcts and
more non-fatal reinfarctions than patients with non-OCA.
Well-developed collaterals may limit the myocardial
damage in these patients.
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Abbreviations

ACE Angiotensin-converting enzyme

ACS Acute coronary syndrome

CABG Coronary arteries bypass graft

CI Confidence interval

CK Creatine kinase

CK-MB  Creatine kinase-myocardial band fraction

cTNT Troponin T

ECG Electrocardiogram

HR Hazard ratio

MACE Major adverse cardiovascular events

MI Myocardial infarction

NSTEMI Non-ST-segment elevation myocardial
infarction

OCA Occluded culprit artery

PCI Percutaneous coronary intervention

STEMI ST-segment elevation myocardial infarction

TIMI Thrombolysis in myocardial infarction
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Introduction

The electrocardiogram (ECG) plays a central role in the
early assessment of patients with suspected acute coronary
syndrome (ACS). According to the European Society of
Cardiology guidelines an immediate revascularization is
recommended in patients with persistent ST-segment ele-
vation and assumed acute coronary occlusion from prog-
nostic point of view [1]. In patients without ST-segment
elevation the further management is variable and guided by
risk stratification. In high-risk patients coronary angiogra-
phy and subsequent revascularization—when indicated—is
recommended within 72 h [2, 3].

However, ST-segment elevation on the standard 12-lead
ECG, although specific as a surrogate marker, is insensitive to
acute posterolateral circulation coronary artery occlusion.
This false diagnosis especially occurs in cases, where the left
circumflex artery represents the culprit lesion [4]. In a
recently published study, more than one quarter of patients
given the diagnosis of acute non-ST-segment myocardial
infarction (NSTEMI) had an occluded culprit artery (OCA)
on diagnostic angiography, with a predilection for infero- or
posterolateral localization of these occluded arteries. Patients
with OCA had larger infarcts and worse long-term outcomes,
and might represent ST-segment myocardial infarction
(STEMI) equivalents not identified by the standard 12-lead
ECG-based risk stratification approach [5].

It has been shown that the presence of well-developed
collaterals has beneficial effects on infarct size, coronary
microcirculation, viability, ventricular function, and ven-
tricular aneurysm formation after acute coronary occlusion in
patients with STEMI [6-11]. The effect of coronary collat-
erals on long-term outcome in patients with acute coronary
occlusion treated as STEMI by immediate revascularization
is ambiguous [12-15]. Moreover, the effect of coronary
collaterals among patients with NSTEMI undergoing an early
invasive management of OCA is yet not sufficiently known.

Therefore, the aim of this prospective study in patients
with NSTEMI was to compare clinical characteristics and
30-days/6-month major adverse cardiovascular events
(MACE) between patients with OCA and non-OCA. The
secondary objective was to investigate the effect of angi-
ographically visible coronary collaterals on 6-month
MACE in patients with OCA in NSTEMI.

Methods
Study population
The prospective study included 602 consecutive patients

(age 68 % 12 years; 399 males, 203 females) admitted to
our tertiary care center with acute NSTEMI.
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Inclusion criteria were (1) age between 18 and 90 years,
(2) onset of angina pectoris at rest <24 h or crescendo
angina in recent weeks with symptoms under minimal
exertion or at rest lasting <24 h, and (3) elevated troponin
T >0.03 ng/mL. Exclusion criteria were (1) persistent
angina, (2) STEMI, (3) hemodynamic instability including
cardiogenic shock, (4) oral anticoagulation therapy, (5)
contraindications for glycoprotein IIb/Illa inhibitors, (6)
other disease with life expectancy <6 months, (7) known
coagulopathy, (8) pregnancy, (9) other suspected causes of
troponin elevation as myocarditis, secondary to hyperten-
sive crisis, or cardiac decompensation, (10) no ability to
consent, and (11) participation in another study.

The Institutional Ethics Committee of the University of
Leipzig approved the study protocol. All patients gave
written informed consent prior to study inclusion. The
study conformed to the principles outlined in the Decla-
ration of Helsinki.

Procedural protocol

Early invasive angiography was performed according to
standard clinical practice within 72 h. Left ventricular
ejection fraction was assessed by contrast ventriculography
unless contraindicated. Patients were assigned to percuta-
neous coronary intervention (PCI) with stent placement,
coronary artery bypass graft (CABG) surgery or optimal
medical therapy at the discretion of the attending cardiol-
ogist. In case of PCI angiographic success was defined as
a final angiographic residual stenosis of <20% diameter
by visual estimation. Angiographic projections used were
those that allowed optimal evaluation of the Thrombolysis
in Myocardial Infarction (TIMI) flow of the infarct-related
artery. Angiographic analysis included initial and final
flows of the culprit vessel, as defined previously [16].
Angiographically visible collateral arteries of the infarct-
related artery were graded according to the modified
Rentrop classification (grade 0, no visible filling of any
collateral channel; grade 1, filling of the side branches of
the infarct-related artery; grade 2, partial filling of the
epicardial vessel of the infarct-related artery; grade 3,
complete collateral filling of the epicardial vessel) [17].
Visual assessments were performed off-line by two expe-
rienced interventional cardiologists blinded to clinical
parameters, with any disagreements resolved by consensus.

All patients received 500 mg acetylsalicylic acid and
unfractionated heparin (60 IU/kg body weight) intrave-
nously immediately after NSTEMI diagnosis with contin-
uous heparin infusion with the target aPTT 50-70 s.
Clopidogrel medication was administered as early as pos-
sible before invasive angiography at a dose of 600 mg. In
addition, a tirofiban high-dose bolus of 25 pg/kg body-
weight and an infusion of 0.15 pg/kg/min intravenously for
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a period of 24 h were administered to all patients. All
patients received 100 mg acetylsalicylic acid per os
indefinitely and 75 mg clopidogrel per os once daily for
12 months. All other medication was given at the discre-
tion of the attending physician.

After invasive angiography and in case of PCI the sheath
was removed and the puncture site was closed by a closure
device or by 12 h gradual compression with a compression
system.

Definitions

The physician treating the patient in the catheterization
laboratory determined the culprit lesion and reported the
segment-level stenosis of the culprit lesion. An occluded
lesion was defined as a lesion with 100% stenosis or
TIMI-flow grade O or 1. An infero- or posterolateral
culprit was defined as a lesion in either the circumflex or
right coronary artery. An anterior culprit was defined as a
lesion in the left anterior descending coronary artery.
Angiographically absent collateral arteries were defined as
modified Rentrop grades 0 and 1 while angiographically
visible collateral arteries were defined as modified Ren-
trop grades 2 and 3.

Biochemistry

Venous blood samples were taken at admission (baseline),
and every 6 h subsequently for a period of 48 h. Creatine
kinase (CK) and creatine kinase-MB fraction (CK-MB)
were analyzed in these samples. Troponin T (cTNT) was
only measured at admission and after 6 h if no elevated
Troponin was detected in the baseline blood sample. CK
(upper limit of normal 2.78 pmol/L/s for women and
3.17 pmol/L/s for men) and CK-MB (upper limit of normal
0.41 pmol/L/s) were determined enzymatically at 37°C
(Access Test Menu®, Beckman Coulter, Brea, USA).
Troponin T (threshold 0.03 ng/mL) was measured by an
electrochemiluminescence immunoassay (Elecsys Tropo-
nin T Assay®, Roche Diagnostics, Grenzach-Wyhlen,
Germany).

End points

The clinical primary end point MACE was a composite of
death, reinfarctions, and readmission for unstable angina
within 30 days or 6 months after inclusion. The diagnosis
of death included death from any cause. The diagnosis of
reinfarctions was defined as documented myocardial
necrosis either in the setting of myocardial ischemia
(spontaneous MI) or in the setting of PCI (procedure-
related MI) following the recommendations of the Con-
sensus Committee for the definition of MI [18]. The

diagnosis of unstable angina pectoris included all hospital
admissions due to unstable angina.

Statistical analysis

Data are expressed as mean =+ standard deviation and
categorical data as number and percent. In order to analyze
differences between groups, we used the Pearson Chi-
Square test for data in categories. The independent samples
t test was used to compare means of parameters between
two groups. Analysis of normality was performed by ana-
lyzing histograms and QQ plots integrating skewness and
kurtosis values, and by Kolmogorov—Smirnov test.

Multivariate logistic regression modeling was used to
examine variables associated with an OCA. Only variables
showing significant correlation coefficients using Kendall’s
rank test were included in the analysis. Variables examined
included left ventricular ejection fraction, collateral supply,
number of stents, multiple stenting, stent length, TIMI-flow
grade after PCI, CK, and CK-MB level at admission, peak
CK, and CK-MB level. All variables were entered into the
model simultaneously. Validity of the model was assessed
with the Hosmer and Lemeshow test. The Nagelkerke
R* was used to quantify the amount of variation in the
outcome variable explained by the model.

Hazard ratios (HR) with 95% confidence intervals (CI)
were obtained with Cox proportional hazards models at
30 days and 6 months, including age, sex, diabetes, prior
infarction, prior PCI, systolic blood pressure, heart rate,
Killip class, presence of multivessel disease, left ventric-
ular dysfunction, type of dominance, and collateral supply
as covariates.

For the clinical end point MACE, the Kaplan—-Meier
method was applied for assessing time to event. Differ-
ences were assessed by log-rank test. All probability values
were two-sided and a probability level of p < 0.05 was
considered significant. All calculations were done with
SPSS for Windows® (Version 17.0, SPSS, Chicago, USA).

Results
Patient characteristics

We excluded those patients who had missing data for the
variables under consideration (n = 122), or did not receive
cardiac catheterization during the same hospital stay
(n = 32); 448 of 602 patients remained in the analysis.
Comparisons of those included with those excluded
showed no marked difference in age (67 vs. 69 years) or
sex (67 vs. 63% men). Table 1 summarizes the baseline
clinical characteristics of the included patients. There were
no significant differences in age, sex, coronary risk factors,
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Table 1 Baseline

- Characteristics
characteristics

Non-occluded (n = 318) Occluded (n = 130) p

Mean age (years)

Male gender, n (%)

Coronary risk factors, n (%)
Hypertension
Diabetes
Hypercholesterolemia
Current smoking

Body mass index (kg/mz)

Previous myocardial infarction, n (%)

Previous CABG, n (%)
Previous PCI, n (%)
Previous stroke, n (%)

Peripheral vascular disease, n (%)

GRACE risk score

No. of narrowed coronary arteries, n (%)

1
2
3

Medication, n (%)
Lipid-lowering therapy
ACE-inhibitor

Data are expressed as the
mean £ SD or number (%)
of patients

Beta-blocker
Nitrate

ACE angiotensin-converting
enzyme, CABG coronary artery
bypass graft, GRACE global
registry of acute coronary
events, PCI percutaneous
coronary intervention

Insulin
Sulfonylurea
Metformin
Aspirin

Angiotensin-II-receptor-antagonist

67 £ 12 67 + 12 0.82
211 (66) 90 (69) 0.56
263 (83) 105 (81) 0.28
116 (37) 53 (41) 0.36
120 (38) 58 (45) 0.16
84 (26) 41 (32) 0.27
28.6 £ 5.0 28.8 + 6.1 0.73
59 (19) 30 (23) 0.28
22 (7) 9(7) 0.99
52 (16) 20 (15) 0.15
19 (6) 54) 0.20
27 (9) 14 (11 0.45
136 + 32 137 £33 0.66
127 (40) 45 (35) 0.85
99 (31) 33 (25) 0.80
92 (29) 52 (40) 0.08
128 (40) 54 (42) 0.80
132 (42) 52 (43) 0.83
54 (17) 17 (14) 0.44
165 (53) 66 (55) 0.67
41 (13) 18 (15) 0.61
42 (13) 16 (13) 0.98
22 (8) 12 (10) 0.30
31 (10) 21 (18) 0.03
169 (54) 52 (43) 0.05

clinical comorbidities, number of narrowed coronary
arteries and medications between the two groups at base-
line. However, metformin was significantly more often
taken by patients with OCA. The usage of aspirin and
clopidogrel was not significantly different in both groups.
But in contrast to clopidogrel patients with OCA tended to
take less often aspirin upon presentation.

Incidence and distribution of culprit lesions

The angiograms revealed OCA in 130 (29%) of 448
patients. Culprit lesions were seen in the left anterior
descending coronary artery, left circumflex coronary artery,
and right coronary artery in 28, 31, and 41% of patients with
OCA and in 52, 25, and 23% of patients with non-OCA.
The type of dominance in patients with an OCA was most
often right-dominant with no significant difference in com-
parison with patients with non-occluded culprit (74 vs. 70%,
p = 0.73). The culprit artery supplied the infero- or pos-
terolateral territory in 242 patients (54%). Patients with OCA
showed more often infero- or posterolateral culprit than
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patients with non-OCA (75 vs. 53%, p < 0.001). But in
patients with infero- or posterolateral occluded culprit the
frequency of the right-dominant type was similar to that
of patients with anterior occluded culprit (73 vs. 76%,
p = 0.76).

Comparison of occluded versus non-OCA

Procedural characteristics are shown in Table 2. There
were no significant differences in hemodynamics or signs
of heart failure between the two groups. Besides similar
periods of symptom onset to study enrollment in both
groups’ patients with OCA had significantly higher levels
of CK and CK-MB on hospital admission in comparison
with patients with non-OCA. During hospitalization,
patients with OCA developed significantly higher peak
levels of CK and CK-MB and showed lower left ventric-
ular ejection fractions. Levels of CK-MB in both groups
were highest at 6 h after admission and steadily declined
thereafter. Time from study enrollment to revascularization
was similar in both groups. Well-developed collaterals
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cT}?a};Litzeri}s)fiizedural Characteristics i\jloi—(;clcél)lded 8cc_lu;i§(()1) )4
Hemodynamics
Systolic pressure (mmHg) 138 £ 22 137 £ 23 0.77
Diastolic pressure (mmHg) 79 £ 13 79 £ 16 0.88
Heart rate (beats/min) 78 + 16 77 + 14 0.23
Admission CK (umol/L s) 64 +9.1 9.5+95 0.001
Peak CK (umol/L s) 9.1+ 119 15.6 £ 19.1 0.001
Admission CK-MB (umol/L s) 09 £0.8 14+13 0.001
Peak CK-MB (pmol/L s) 1.2+ 1.1 2.1 +£23 0.001
Admission Troponin T (ng/mL) 0.6 + 0.7 0.8 +1.2 0.06
Killip class on admission, n (%)
1 268 (84) 108 (84) 0.88
1I 49 (15) 20 (16) 0.98
1 0 (0) 1(1) 0.12
v 1 (0) 1(0) 0.52
Modified Rentrop grade O or 1, n (%) 293 (92) 56 (43) 0.001
Modified Rentrop grade 2 or 3, n (%) 25 (8) 74 (57) 0.001
Time from symptom onset to hospital arrival (h) 10.5 + 8.3 14.5 + 33.6 0.20
Time from hospital arrival to angiography (h) 24.1 £31.2 26.6 + 37.2 0.43
Number of stents 1.0 £ 1.0 1.5+ 14 0.001
Multiple stenting (%) 57 (18) 44 (34) 0.001
Maximum diameter (mm) 2115 22+15 0.53
Stent length (mm) 17.5 £ 16.9 26.8 £+ 25.6 0.001
Use of drug-eluting stent, n (%) 65 (20) 38 (29) 0.07
Multivessel coronary artery disease, n (%) 179 (57) 84 (65) 0.11
Revascularization during index hospitalization, n (%) 247 (78) 116 (89) 0.01
Data are expressed as the mean CABG during index hospitalization, n (%) 34 (11) 16 (12) 0.62
value & SD or number (%) of TIMI flow grade after PCL n (%)
f;:‘;gts ) 0 3 (1) 16 (12) 0.001
graft, C?I?ré)rrzaa;}i/nznlfi?ase}jpg;(s— ! L L 0.35
MB creatine kinase-myocardial 2 3 16 (12) 0.001
band fraction, LV left 3 311 (97) 97 (75) 0.001
ventricular, TIMI thrombolysis | v/ eiection fraction (%) 48 + 20 42 + 21 0.01

in myocardial infarction

were significantly more frequent in patients with OCA.
Patients with angiographically visible collateral arteries
and OCA had significantly smaller infarcts than patients
with angiographically absent collateral arteries and OCA
(peak CK 9.4 £ 89 vs. 254 + 26.8 umol/L/s; peak
CK-MB 1.5 + 1.5 vs. 2.9 &+ 2.4 pmol/L/s, p < 0.001).
More patients with an OCA were revascularized than
patients with non-OCA during hospitalization (89 vs. 78%,
p = 0.01). Patients with OCA were more often revascu-
larized by PCI whereas the rate of CABG was similar in
both groups (12 vs. 11%, p = 0.62). The number and
length of stents were significantly higher in patients with
OCA. These patients showed a non-significant trend for a
higher drug-eluting stent usage possibly caused by more
complex interventions. TIMI-flow after PCI was lower in
patients with OCA than non-OCA (Table 2). Nevertheless,

the rate of reinterventions in the group with OCA was
similar to that in the group with non-OCA during the fol-
lowing 6 months (10 vs. 9%, p = 0.63).

In multivariate logistic regression, baseline variables
associated with an OCA included collateral supply (OR
6.14,95% CI 3.48-10.82, p < 0.001), and TIMI flow grade
after PCI (OR 0.30, 95% CI 0.12-0.72, p = 0.01).

Comparison of occluded infero- or posterolateral
versus anterior culprit lesion

Within the occluded group, there were no significant dif-
ferences in baseline characteristics and presenting features
between patients with an occluded infero- or posterolateral
versus anterior culprit lesion. Both groups presented with
similar CK, CK-MB, and c¢TNT levels, but patients with
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occluded infero- or posterolateral culprit lesion had
significantly higher peak CK and CK-MB levels during
hospitalization (Table 3).

Procedural characteristics showed similar time periods
from hospital arrival to angiography and extent of coronary
artery disease. Percentages of revascularization during
index hospitalization were equivalent in both groups.

However, patients with occluded infero- or posterolateral
culprit lesions underwent bypass surgery more often while
patients with occluded anterior culprit lesions received
more stents, especially drug-eluting stents. Stents had
larger diameter and were longer in this group. Extent of
angiographically visible collateral arteries and TIMI-flow
grade post PCI were similar in both groups. Although

Table 3 Characteristics by
culprit lesion location among
patients with an occluded artery

Data are expressed as the mean
value £ SD or number (%) of
patients

CABG coronary artery bypass
graft, CK creatine kinase, CK-
MB creatine kinase-myocardial
band fraction, LV left
ventricular, PCI percutaneous
coronary intervention, T/IMI
thrombolysis in myocardial
infarction

@ Springer

Characteristics Infero- or posterolateral ~ Anterior p
(n =93) (n=37)

Baseline characteristics
Mean age (year) 67 £ 11 67 £ 12 0.96
Male gender, n (%) 66 (69) 26 (70) 0.87
Hypertension, n (%) 76 (79) 31 (84) 0.68
Diabetes, n (%) 40 (42) 13 (35) 0.46
Hypercholesterolemia, n (%) 39 (41) 20 (54) 0.18
Current smoking, n (%) 29 (30) 13 (35) 0.58
Previous myocardial infarction, n (%) 22 (23) 9 (24) 0.86
Previous CABG, n (%) 7 () 2 (5) 0.70
Previous PCIL, n (%) 18 (19) 4 (1D 0.26
Previous stroke, n (%) 4 4) 13 0.69
Peripheral vascular disease, n (%) 12 (13) 2 (5) 0.23

Presenting features
Symptom onset to hospital arrival (h) 12.5 £ 18.1 192 £57.1 035
Systolic pressure (mmHg) 137 £ 23 139 £+ 21 0.57
Diastolic pressure (mmHg) 77 £ 15 82 £ 16 0.10
Heart rate (beats/min) 76 + 13 77 + 14 0.67
Admission CK (umol/L s) 10.0 + 10.3 79 + 6.5 0.17
Peak CK (umol/L s) 17.3 + 21.6 10.5 + 7.7 0.01
Admission CK-MB (umol/L s) 14+ 14 1.24+09 0.26
Peak CK-MB (pmol/L s) 234+26 1.5+ 1.0 0.01
Admission Troponin T (ng/mL) 09+13 05+£05 0.13

Procedural characteristics
Time from hospital arrival to angiography (h) 252 £ 355 31.1 £40.0 044
Multivessel coronary artery disease, n (%) 63 (68) 20 (54) 0.14
Revascularization during index hospitalization, n (%) 83 (89) 33 (89) 0.92
CABG during index hospitalization, n (%) 16 (17) 0 (0) 0.01
Modified Rentrop grade O or 1, n (%) 39 (42) 20 (54) 0.28
Modified Rentrop grade 2 or 3, n (%) 54 (58) 17 (46) 0.28
Number of stents 1.3+1.2 19+ 14 0.01
Multiple stenting, n (%) 26 (28) 16 (44) 0.07
Maximum diameter (mm) 21 +1.5 27 +1.3 0.03
Stent length (mm) 21.7 £ 21.2 37.6 £ 30.1 0.01
Use of drug-eluting stent, n (%) 21 (22) 17 (46) 0.01

TIMI flow grade after PCI, n (%)
0 10 (11) 4 (1D 0.96
1 2(2) 0 (0) 0.50
2 7 (®8) 7 (18) 0.16
3 74 (79) 26 (71) 0.41

LV ejection fraction (%) 43 £ 20 34 + 24 0.08
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patients with anterior OCA displayed smaller infarcts, left
ventricular ejection fraction during angiography tended to
be lower (Table 3).

Clinical outcome

Clinical outcomes at 30-days and 6-months are summa-
rized in Table 4. After multivariate adjustment, MACE at
6 months were significantly higher in patients with an
OCA. The rate of MACE was largely driven by its asso-
ciation with non-fatal reinfarctions at 6 months. These non-
fatal reinfarctions consisted mainly of procedure-related
MlIs in both groups. But significantly more procedure-
related MIs were seen in patients with OCA than non-OCA
(29 vs. 10%, p < 0.001). The unadjusted Kaplan—Meier
curves for 6 month MACE for each group are shown in
Fig. 1.

Patients with OCA were further stratified into two
groups by angiographically visible versus absent collateral
arteries. After multivariate adjustment, MACE at 6 months
were significantly higher in patients with angiographically
absent collateral arteries (HR 1.96, 95% CI 1.02-3.76,
p = 0.04). The unadjusted Kaplan—-Meier curves for
6 month MACE for these groups are shown in Fig. 2.

Patients with angiographically visible collateral arteries
were further stratified into two groups by occluded versus
non-occluded culprit arteries. The unadjusted Kaplan—
Meier curves for 6-month MACE for these groups are
shown in Fig. 3.

Discussion

In the present study approximately one quarter of patients
with NSTEMI presented with an OCA. In these patients the
occluded culprits were more frequently found in coronary
arteries supplying the infero- or posterolateral myocardium

than in patients with non-OCA. This study confirmed the
results of previous investigators and included several new
observations providing a more complete understanding of
OCA in patients with NSTEMI [5, 19]. One observation
was that the type of dominance in these patients did not
have an effect on the incidence and anatomical distribution
of OCA.

A second observation was that NSTEMI with OCA
treated by an early invasive strategy had a higher 6-month
rate of MACE than NSTEMI with non-OCA because more
non-fatal reinfarctions, especially procedure-related Mls,
occurred in these patients. It is well documented that in
patients with ACS, whether STEMI or NSTEMI, early
recanalization of the culprit artery soon after the onset of
myocardial ischemia is associated with a better immediate
and long-term prognosis [20]. A recent overall meta-anal-
ysis of studies investigating an early invasive versus a
selective invasive approach at 5-year follow-up showed a
sustained reduction in the rate of death using an early
invasive strategy in patients with NSTEMI. The largest
absolute benefit was observed in patients with higher
baseline risk [21]. Despite performing an early invasive
strategy in our study, the 6-month outcome of NSTEMI
associated with a selective invasive strategy of OCA in a
study by Wang et al. [5] was better than that found in our
study. Potential explanations were the older age and the
higher rates of diabetes of our patients indicating a higher
risk of future events [22, 23]. The ICTUS (Invasive vs.
Conservative Treatment in Unstable Coronary Syndromes)
trial showed that outcome associated with an early invasive
strategy in NSTEMI was primarily driven by an early
increase in procedure-related Mls as seen in our study [24].
A similar long-term outcome to that of our study was seen
in both arms of the TIMACS (Timing of Intervention in
Acute Coronary Syndrome) study, which also included
NSTEMI with moderate-to-high risk and performed an
early versus deferred invasive strategy [25].

Table 4 Clinical outcome

Variable Non-occluded Occluded Risk adjusted HR p
(n = 318) (n = 130) (95% CI) for occluded
infarct artery
Clinical outcome at 30 days
Death 52 6 (5) 0.71 (0.29-1.72) 0.45
Non-fatal reinfarctions 48 (15) 9(7) 1.19 (0.33-4.26) 0.79
Unstable angina pectoris 0 0 - -
MACE 51 (16) 13 (10) 0.96 (0.28-3.29) 0.95
Clinical outcome at 6 months
Death 17 (5) 13 (10) 0.29 (0.04-2.32) 0.24
Data are expressed as the Non-fatal reinfarctions 49 (15) 43 (33) 3.19 (1.41-7.21) 0.01
number (%) of patients. p value Unstable angina pectoris 21 (7) 4 (3) 2.07 (0.36-11.82) 0.41
derived from Cox proportional MACE 79 (25) 54 (42) 2.16 (1.04-4.50) 0.04

hazards model
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Fig. 1 Kaplan—Meier curve for
unadjusted 6-month MACE in
all patients stratified by
occluded versus non-occluded
culprit arteries. p value for
overall comparison between
groups

Fig. 2 Kaplan—Meier curve for
unadjusted 6-month MACE in
patients with OCA stratified by
angiographically visible versus
absent collateral arteries.
Angiographically visible
collateral arteries of the infarct-
related artery were graded
according to the modified
Rentrop classification. p value
for overall comparison between
groups
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Notably, a recent study demonstrated that in patients  intervention deferred to the next working day (mean, 21 h)
with moderate- to high-risk NSTEMI, a strategy of  did not result in a difference in infarct size as defined by
immediate intervention compared with a strategy of  peak troponin level [26]. Contrary to these results, our data
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Fig. 3 Kaplan—Meier curve for
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underline that infarcts were larger in patients with NSTE-
MI and OCA as compared with non-OCA despite a similar
delay from hospital arrival to angiography. We did not
follow-up infarct size and left ventricular ejection fraction
at 6 months, but Grenne et al. [27] showed that patients
with NSTEMI due to acute OCA suffered larger infarct
size and impaired long-term left ventricular function
compared with NSTEMI patients with non-OCA. Previous
studies reported that the presence of coronary collateral
vessels at the onset of infarction is associated with a lim-
itation of infarct size [7, 11]. Of note, our observation that
among patients with OCA those with well-developed col-
laterals displayed smaller infarcts than those with angio-
graphically absent collateral arteries further substantiates
the influence of angiographically visible collateral arteries
on infarct size.

The final observation was that patients with OCA and
angiographically visible collateral arteries have better long-
term outcomes than patients with OCA and angiographi-
cally absent collateral arteries. The outcomes in patients
with OCA and angiographically visible collateral arteries
were even similar to those with non-OCA. A protective
effect of coronary collateral arteries on myocardial tissue in
patients with recent myocardial infarction or with stable
coronary artery disease has also been previously demon-
strated [28, 29]. In patients with NSTEMI and early inva-
sive treatment strategy the higher incidence of non-fatal

T L)
50 100 150
Day

reinfarctions after recanalization in the group with OCA
may be influenced by collateral blood flow at baseline
angiography. Our data showed that angiographically visi-
ble collateral arteries at baseline angiography were asso-
ciated with a lower rate of MACE and non-fatal
reinfarctions in patients with NSTEMI and acute OCA.
It has been shown that recanalization of a chronically
occluded artery is associated with a rapid regression of the
functional collateral vessels during follow-up angiography
and collaterals are not readily recruitable in the case of
acute reocclusion [30]. We assume that the same applied to
an artery recanalized after an acute occlusion. In patients
with angiographically absent collateral arteries at baseline
angiography abrupt reocclusions after recanalization may
cause more extensive infarction, because only a minority of
patients will have sufficient and immediately recruitable
collaterals in such cases. Several studies showed that the
reocclusion of the recanalized occluded infarct-related
artery by PCI is not infrequent [31, 32]. Furthermore, the
extent of microvascular obstruction in the infarct territory
of an acute OCA may be smaller in patients with significant
collaterals. We recently demonstrated that well-developed
collaterals before reperfusion by PCI in patients with
STEMI were associated with a protective effect on coro-
nary microcirculation. A strong trend toward a lower rate
of death and non-fatal reinfarctions could be seen in these
patients [11]. The investigators of the Occluded Artery
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Trial recently reported in patients with subacute STEMI
and persistent OCA that the higher the extent of collateral
blood flow, the lower the rate of death and severe heart
failure; but no effect was observed on the incidence of
reinfarctions. However, after multivariate adjustment for
various baseline characteristics, collateral flow was not an
independent predictor of clinical outcome [14].

Confoundings could also have arisen from limitations of
this study. One limitation of our study was that culprit
lesion locations were determined by the treating cardiolo-
gist in the catheter laboratory. Independent adjustment was
not performed and therefore confounding bias may result
especially among patients with multivessel disease.
Another limitation of the study was that the present study
examined collateral vessels detected by angiography,
which is typically limited to arteries >100 um in diameter.
Newer and more quantifiable methods of collateral
assessment, such as pressure- and Doppler-derived collat-
eral flow index, may be more sensitive for detection of
recruitable blood flow during arterial occlusion [33-35]. Of
note, the original Rentrop score is only applicable in case
of total coronary occlusions and contrast injection into the
contralateral artery, which has not been performed in the
present study. This may have led to an underestimation of
collateralization in the group without OCA. However, a
recent study showed that the collateral pressure and flow in
infarctions with total coronary occlusion correlated with
angiographic collateral grade. The Rentrop classification
was valid in MI patients with OCA [36]. A third limitation
of our study was that ECG leads V7-9 were not routinely
collected at admission. STEMI may have been misclassi-
fied as NSTEMI in some patients and the incidence of
OCA among NSTEMI may have been overestimated.

In conclusion, this study showed that patients with OCA
had larger infarcts and worse long-term outcome, com-
pared with patients with non-OCA largely driven by a
higher rate of non-fatal reinfarctions. Well-developed col-
laterals were associated with improvement of outcome in
patients with OCA. These findings imply that significant
collaterals in patients with NSTEMI and OCA may limit
immediate myocardial damage.
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