Timing of coronary collateral
appearance during ST-elevation
myocardial infarction

Objective: The appearance of collaterals during ST-elevation myocardial infarction (STEMI) and clinical
factors potentially associated with their early appearance were studied. Background: The appearance
of collaterals is associated with the duration of chronic coronary occlusion. Nevertheless, the question
remains as to whether collaterals are already apparent shortly after an acute coronary occlusion. Results:
The appearance of collaterals was studied during STEMI, in 187 patients who underwent angiography at
various times after the onset of symptoms. For the onset-to-angiography groups of 0-6 h, >6-9 h, >9-24 h,
>1-7 days, >7-14 days and >14 days, the prevalence of angiographic collaterals (Rentrop classification 2—-3)
were 19, 31, 41, 40, 50 and 68%, respectively (p < 0.001). Among the clinical factors, preinfarction angina
was the only independent determinant (odds ratio 3.1; 95% Cl: 1.2-8.5). Conclusion: As in chronic
coronary occlusion, after acute occlusion the appearance of angiographic visible collaterals is also associated
with the duration of occlusion. Preinfarction angina is an important clinical factor associated with the

early appearance of collaterals.
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Coronary collateral circulation offers a poten-
tially important alternative source of blood
supply during coronary occlusion. The angio-
graphic appearance of collateral arteries during
the early hours of acute myocardial infarction
(MI), has been shown to reduce the size of
infarction, promote microvascular perfusion
and improve hemodynamic condition [1].

It has been shown in an animal experimental
study that, during acute coronary occlusion,
early reperfusion prevents or limits necrosis of
jeopardized myocardium [2]. The eatlier pres-
ence of collateral flow can result in smaller
infarct size [3]. To our knowledge, the timing
of the appearance of coronary collateral circula-
tion during coronary occlusion in ST-elevation
MI (STEMI), has not yet been studied. Results
from a previous report have suggested that fill-
ing of collateral vessels increases acutely within
90 s during balloon occlusion and disappears
soon after balloon deflation [4]. Another study
showed that coronary collaterals might appear
during the early hours of MI without, how-
ever, demonstrating the temporal progression
of collateral appearance [s].

The timing of the angiographic appearance
of coronary collaterals in patients with STEMI
was studied. Clinical factors potentially asso-
ciated with the early appearance of collater-
als during acute coronary occlusion were also
examined.

10.2217/ICA.11.89 © 2012 Future Medicine Ltd

Patients & methods

Data was used from a cross-sectional study,
in which each subject was seen at a particular
point in time. Using subjects examined at dif-
ferent time intervals following M1, the data was
used to investigate changes over time [6]. The
angiographic appearance of coronary collater-
als was assessed once for each patient, during
coronary angiography soon after the MI. The
angiographic assessment from the patients who
have varying onset of MI, comprise the data
for the evaluation of timing of the coronary
collaterals appearance. This study design was
chosen for ethical reasons.

Using the October 2006 to October 2008
database of the National Cardiovascular Center
(Harapan Kita Hospital, Jakarta, Indonesia),
we randomly identified patients with STEMI
who presented at the hospital within 14 days
of onset of symptoms and underwent subse-
quent angiography. Patients were diagnosed
with STEMI if they had chest pain of more
than 30 min duration and electrocardiographic
changes with ST-segment elevation >2 mm in
at least two precordial leads or >1 mm in the
limb-leads. Inclusion criteria were patients with
a thrombolysis in MI flow grade of 0 or 1 in
the culprit coronary artery. Primary percuta-
neous coronary interventions were performed
in patients who presented within 12 h of the
onset of symptoms. All patients received optimal
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drug treatment, including aspirin, clopidogrel,
nitrates, ACE inhibitors, B-blockers and statins
where appropriate. Exclusion criteria included
a previous coronary bypass surgery, left main
stenosis and a nonculprit lesion with a stenosis
of more than 80% diameter.

Time-of-onset of MI was carefully determined
by the occurrence of ischemic symptoms, defined
as severe chest pain or chest discomfort lasting
for more than 30 min. The discomfort was
defined as sensations of constriction, crushing,
oppression, compression or feelings of a heavy
weight or squeezing in the chest. Patients whose
onset of infarct-related pain could not be defined
were excluded.

Preinfarction angina was defined as new-onset
chest pain or chest pain with increasing inten-
sity or frequency within 72 h before the onset
of MI. The presence of diabetes mellitus (DM)
was based on self-reported use of DM medica-
tion, or a previous record of a fasting plasma
glucose concentration 2126 mg/dl (7 mmol/l)
or a nonfasting serum glucose >200 mg/dl
(11 mmol/l). Hypertension was based on self-
reported use of antihypertensive medication or
a previous record of a systolic blood pressure
>140 mmHg and/or a diastolic blood pressure
>90 mmHg. Dyslipidemia was defined as a total
cholesterol >240 mg/dl, or self-reported use of
lipid-lowering medication before admission. The
study protocol was reviewed and approved by the
ethical committee of the hospital.

B Collaterals assessment

Angiograms were stored digitally in Digital
Imaging and Communications in Medicine
format (512 x 512 matrices). The criteria for
the appropriateness of the angiograms to be
reviewed were:

» Angiography was performed until contrast
filling of the coronary veins;

* A minimum of two orthogonal views.

Patients whose angiograms could not be
adequately evaluated were excluded.

Coronary collaterals were graded by the
degree of filling of the vessel beyond the stenosis
according to the Rentrop classification:

®* Grade 0: no visible filling;

= Grade 1: contrast medium passes through col-
lateral channels but fails to opacify the
epicardial vessel at any time;

* Grade 2: contrast material enters but fails to
opacify the target epicardial vessel completely;
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= Grade 3: contrast material enters and completely
opacifies the target epicardial vessel [4].

Angiograms were assessed by a senior resident
in training and an interventional cardiologist. In
the event of a difference in interpretation, a third
opinion was solicited. A random assessment of
inter-observer variance showed high agreement
between the researchers (k = 0.87; p < 0.001).
Collateral grading was performed blind from the
time of onset of MI.

W Statistical analysis

To determine the appearance of well-developed
collaterals, we defined the presence of collater-
als as those with a Rentrop flow grade 2 and 3.
Differences between groups were assessed using
chi-square for categorical variables; differences
in continuous variables were evaluated using
Student’s t-test. A two sided P value <0.05 was
considered statistically significant. Statistical
analyses were performed with SPSS version 17.0
(SPSS Inc., Chicago, IL, USA).

To analyze the temporal appearance of coro-
nary collaterals, subjects were grouped accord-
ing to time units. The time intervals were deter-
mined arbitrarily. To test the time relationship of
collateral appearance, we used a Kendall’s T-b test.

To assess the clinical factors associated with
the early appearance of collaterals, we selected
a subgroup of patients who presented within
12 h of the onset of MI. Using logistic regres-
sion analyses, we examined preinfarction angina,
hypertension, smoking, DM, dyslipidemia and
age as potential determinants of collateral appear-
ance. These clinical factors were selected on the
recent insight into the potential determinant of
coronary collateral presence [7-9]. Logistic regres-
sion analysis was used for statistical analysis in
this subgroup.

Results

A total of 187 patients were included in this
study. The baseline characteristics of the study
population are shown in Tase 1. It was found
that 60% of subjects presented with anterior
MI. Approximately 10% of subjects had received
fibrinolytic therapy before the angiographic pro-
cedure. 60% of patients presented within 12 h.
The duration from onset of MI to angiogra-
phy ranged from 1.6 to 557 h (23 days), with a
median of 9.9 h. The prevalence of preinfarction
angina in the group of onset-to-angiography of
0-6h,>6-9h,>9-24 h, >1-7 days, >7-14 days,
>14 days are 43, 44, 40, 56, 64 and 60%,
respectively (p = 0.618).
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Variables n (%)

Age (years) 549 + 10.37
Male 168 (89.8)
Current smoker 116 (62.0)
Hypertension 95 (50.8)
Diabetes mellitus 50 (26.7)
Dyslipidemia 96 (51.3)
Previous PCl 5(2.7)

Preinfarction angina 63 (33.7)
Anterior infarction 112 (59.9)
Fibrinolytic therapy 18 (9.6)

Primary PCI 98 (52.4)
Time of onset-to-angiography
0-6h 47 (25.1)
>6-9 h 39 (20.9)
>9-24 h 17 (9.1)
>1-7 days 25 (13.4)
>7-14 days 34 (18.2)
>14 days 25 (13.4)
Medication

Aspirin 175 (93.6)
Clopidogrel 175 (93.6)
Gpllb/llla inhibitor 71 (38.0)
B-blocker 103 (55.1)
Nitrates 57 (30.5)
ACE inhibitor 121 (64.7)
Statins 173 (92.5)
"Mean + SD.

PCl: Percutaneous coronary intervention.

Collateral connections were mostly found for
the right coronary artery (RCA) with filling to
the left anterior descending (LAD) artery (56%)
and for LAD filling to the RCA (23% Tasie2).
Most anastomoses were found via the septal
connection. The frequency of collateral presence
for the LAD, left circumflex and RCA was 37,
50 and 40%, respectively (p = 0.67).

Ficure 1 reveals that the presence of collater-
als increased significantly with increasing time
(p for trend < 0.001). In subjects presenting
within 6 h of onset, the presence of collater-
als was 19%. This increased to 31, 41, 40, 50
and 68% for assessments at 6-9 h, 9-24 h,
1-7 days, 7-14 days and >14 days, respectively.

W Determinants of collateral presence

Determinants of collateral presence were exam-
ined in 98 subjects who underwent angiogra-
phy within 12 h of onset of MI (mean duration
from onset-to-angiography 6.3 + 2.5 h). Taste 3
compares subjects with and without collateral
presence. Subjects with preinfarction angina
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Variables n (%)
Infarct-related artery

LAD 112 (59.9)
LCx 10 (5.3)
RCA 65 (34.8)
Non-infarct-related artery disease
None 140 (74.9)
One artery 43 (23.0)
Two arteries 4(2.1)
TIMI flow 1 60 (32.1)
Collateral assessment

Rentrop O 85 (45.5)
Rentrop 1 30 (16.0)
Rentrop 2 48 (25.7)
Rentrop 3 24(12.8)
Anatomical pathways

Septal 64 (67.4)
Branches in ventricle wall 21 (22.1)
Bridging vessels 3(3.2)
Atrial 7(7.4)

LAD: Left anterior descending artery, LCx: Left circumflex
artery; RCA: Right coronary artery; TIMI: Thrombolysis in
myocardial infarction.

more often had collaterals. In addition, prein-
farction angina was shown to be an independent
determinant of collateral presence, adjusted
for time between onset of symptoms and
angiography (odds ratio 3.1; 95% CI: 1.2-8.6).

The relationship between the presence of
preinfarction angina and the presence of col-
laterals was then examined according to two
different categories of the time between onset
of symptoms and angiography: 0-6 h (n = 46)
and 6-12 h (n = 52). The likelihood of the
presence of collaterals following preinfarc-
tion angina was higher in the first 6 h after
onset of symptoms than in the later 6-h period
(odds ratio 7.7; 95% CI: 1.4-43.9 vs 1.8;
95% CI: 0.5-6.3).

Discussion

The results of this study in 187 patients, with
detailed information on time between onset of
symptoms and angiographic assessment of coro-
nary collaterals, show that the presence of collat-
erals increases significantly during the first 24 h,
with 40% of patients showing collaterals at 24 h
versus 19% of patients after 6 h. Preinfarction
angina was the independent determinant of the
presence of collaterals during acute MI indepen-
dent of time-of-onset, particularly in the early
hours of infarction.
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Figure 1. Prevalence of coronary collaterals appearing angiographically
following coronary occlusion in ST-elevation myocardial infarction.
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The presence of early angiographically vis-
ible collaterals (Rentrop 2 or 3) in this study
was higher than in a previously reported study
by Elsman et al. 1)
1059 patients who underwent primary percu-

. They examined a total of

taneous coronary intervention within 6 h after
onset of STEMI and reported a prevalence of
collaterals of 10%.

The nature of the occurrence of coronary
collaterals within a short time after acute coro-
nary occlusion may be questioned, since it is
likely that the recruitment of new collaterals
needs sufficient time to become functional. It
is generally accepted that it takes a period of
3-5 days for a progressive occlusion of a coro-
nary artery to result in the appearance of col-
laterals. In an animal study, Khouri ez 4/. found
that progressive occlusion of a coronary artery
over 3-5 days was associated with more than
a fourfold increase in retrograde flow through
collaterals, compared with retrograde flow
collected immediately after sudden coronary
occlusion [10].

Collaterals do not form de novo, but result
from luminal enlargement of pre-existing
small arterioles that have an internal diameter
of 30-50 pm [11]. In animal models of femoral
artery occlusion, it has been shown that col-
lateral enlargement occurs through an active
process of positive remodeling [12]. The process
begins minutes after the femoral occlusion, with
the activation of the endothelial cells by shear
stress. It is followed hours later by the induction
and/or upregulation of adhesion molecules and
the subsequent adhesion of blood monocytes.
Remodeling further continues as the smooth
muscle cells are transformed from contractile
into proliferative and synthetic phenotypes.
Mitosis of endothelial cells and smooth muscle
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cells starts approximately 24 h after occlu-
sion. Maximal growth of collaterals has been
observed during the first 3 weeks and is almost
complete at 21 days after occlusion. To be visible
angiographically in humans, collaterals need to
reach a diameter of at least 0.5 mm [13].

The most likely explanation for the early
appearance of collaterals in this study, is that
the collaterals are already being recruited
before the onset of symptomatic MI. It has
been shown that plaque rupture and/or throm-
bus formation may start at least 3 days before
an occlusive thrombosis occurs and results in
symptoms of infarction [14,15]. Interestingly, the
preceding diameter of stenoses of the culprit
lesions was >50% and generally 60-70% [16].
A considerably higher degree of stenosis may
repetitively occur by the waxing and waning
of a thrombus in the ruptured plaque. This
degree of stenosis creates a sufficient pressure
gradient across the arteriolar connection and,
subsequently, may trigger the process of arte-
riogenesis. Collaterals become easily recruitable
with the presence of a stenosis of 80% or more
(17.18]. Brief, repetitive, 2-min occlusions of a
coronary artery sufficiently increase collateral
flow and recruitability [19].

In addition, our findings suggest that col-
lateral growth is accelerated following acute
MI. Inflammation during infarction promotes
arteriogenesis and the abundance of mono-
cytes accelerates the growth of collaterals [20].
MCP 1, the most important chemokine in
the regulation of migration and infiltration of
monocytes, markedly increases 3 h after the
onset of chest pain during acute MI [21]. The
presence of MCP-1 in a collaterals network
stimulates arteriogenesis. Ito ez al. showed that
infusion of MCP-1 into the proximal stump
of an occluded femoral artery, greatly acceler-
ates the speed of collateral development in an
animal model [22]. It has also been shown that
a higher level of MCP-1 is related to the appear-
ance of visible collaterals in patients with acute
MI [23].

Finally, luminal filling of the growing collat-
erals may be increased by NO-mediated vasodi-
latation. Minutes after onset of ischemia, endo-
thelial NO synthase activity increases [24] and
subsequently the NO level during early ischemia
is increased. NO plays an important role in the
initial phases of arteriogenesis after exposure
to shear stress, mainly by vasodilatation of the
collateral vessels [25].

In this study, the only clinical determinant
associated with the appearance of collaterals

future science group
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Age (years; Male Preinfarction Hypertension DM

mean + SD) (n[%]) angina (n[%]) (n[%]) (n[%]) (n[%]) (n[%])
All 55.1+11.0 86 36 54 25 65 48

(87.8) (42.9) (55.1) (25.5) (66.3) (49.5)

Rentrop  54.5+10.8 64 21 38 21 49 35
0-1 (91.4) (35.0) (54.3) (30.0) (70.0) (50.0)
Rentrop 56.8 + 11.4 22 15 16 4 16 13
2-3 (78.6) (62.5) (57.1) (14.3) (57.1) (48.1)
Odds ratio 1.0 0.3 3.1 1.1 0.4 0.6 0.9
(95% Cl)  (1.0-1.1) (0.1-1.2) (1.2-8.3) (0.5-2.7) (0.1-1.3) (0.2-1.4) (0.4-2.3)
p-value 0.35 0.08 0.02 0.79 0.11 0.22 0.87

DM: Diabetes mellitus.

during acute coronary occlusion was prein-
farction angina. DM, hypertension, smoking
and dyslipidemia were not associated with early
collateral appearance. These findings confirm
the previous reports on acute MI [26,27]. This
association was observed most prominently in
the patient group of early infarction. The strong
association between preinfarction angina and
early collateral appearance, supports the view
that pressure gradients occurring before the
onset of symptomatic infarction act as triggers
for collateral recruitment. Some patients may
not have developed collaterals, despite the pres-
ence of triggers, because they lack the intrinsic
capacity to have preformed collaterals or to
develop mature collaterals [23].

Other factors have shown no, or only incon-
sistent, relationships to collateral presence and
occurrence in acute MI. Older age may result
in reduced arteriogenesis. Previous studies have
found that the prevalence of coronary collat-
erals is lower in older patients, particularly in
those aged over 65 or 70 years [27.29]. This find-
ing was not revealed in our study. This dis-
crepant result might be due to the inclusion
of fewer old patients in our study population
(mean age 55 = 11 years). According to Abaci
et al., patients with DM develop fewer visible
collaterals, despite the existence of more severe
coronary artery disease [30]. However, Zbinden
et al. reported the opposite in a study using
quantitative collateral measurement [31].

Koerselman ez al. found that a high systolic
blood pressure is inversely associated with the
presence of collaterals in a cross-sectional study
among patients admitted for elective coronary
angioplasty [(9]. However, Kyriakides ez al.
found the opposite result in a study on coronary
collaterals in relation to systemic hypertension
and left ventricle hypertrophy [32]. Fujita et al.
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reported no association between hypertension
and collaterals in acute MI [27].

The extent to which smoking affects the
presence of collaterals was investigated by
Koerselman ez al. (8]. They found a higher prev-
alence of coronary collaterals in current smok-
ers. An experimental study supports the view
that nicotine can promote arteriogenesis [33].
Nevertheless, the association in patients with
acute M1 should be treated with caution, if only
because smoking is also a strong determinant
of severe coronary stenosis, which consequently
may promote collateral formation.

To appreciate these results, some limitations
of this study should be noted. First, the tempo-
ral appearance of collaterals in a cross-sectional
study was evaluated, rather than by serial angi-
ography in the same subjects. Consequently,
the inherent inter-individual variability in
developing collateral circulation may have
affected the estimates of collateral presence
over time. Second, the angiographic method
we used to evaluate the presence of collater-
als cannot identify vessels less than 100 pm
in diameter. Third, since the study’s nature is
observational and retrospective, it would be
difficult to adjust all possible determinants of
coronary collateral development. Furthermore,
data variability on angiographic collateral grad-
ing due to nonpredefined rate and volume of
contrast injection, durations of video recording
and occurrence of inhibitively narrow windows
for observation of the collaterals may present.
To reduce the technical limitations, criteria for
the appropriateness of the angiograms to be
reviewed was applied.

Conclusion

The results of this study show that during
STEMI, the appearance of angiographic visible
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Figure 2. The ideal concept of collateral relevance in the chain of
management of myocardial infarction.
CAD: Coronary artery disease; MI: Myocardial infarction.

Background
The earlier presence of collateral flow can result in smaller infarct size in acute coronary occlusion.
The timing of the appearance of coronary collaterals during acute myocardial infarction (MI) has not yet been studied.

collaterals is associated with the duration of
occlusion. The presence of collaterals doubles
between 6 and 24 h after onset of symptoms.
The recruitment of collaterals is probably more
rapid than previously thought. Preinfarction
angina is the important clinical factors that
associated with the early appearance of coronary
collaterals.

Future perspective

When an acute coronary occlusion occurs, the
wavefront of MI commences and the infarct
size increases as ischemia persists. The ideal
scenario is that as soon as an acute coronary
occlusion occurs, an immediate alternative
pathway is available, thereby avoiding fatal
destruction of the myocardium (Fiure 2). The

area at risk will be reduced, infarct size will
be lower and subsequent fatal mechanical,
hemodynamic and arrhythmic complications
of STEMI will be reduced. In addition, suc-
cessful acute revascularization — in terms of sal-
vaged myocardium — can still be achieved after
unavoidable logistical delay if more salvageable
area is maintained through the presence of
collateral flow.

Collaterals should ideally be present or read-
ily recruitable if required, whenever coronary
occlusion occurs. This means that efforts at
manipulation, either to promote collateral
presence or their recruitability, should be made
before the severe ischemia or infarction occurs
(Fiure 2). In line with this point of view, collat-
eral promotion should take place at any point
before MI occurs in individuals with coronary
artery disease. Numerous studies have been
undertaken to explore the possibility of aug-
menting collateral function, mostly within the
setting of peripheral artery disease. With the
current knowledge of arteriogenesis, it is seems
feasible to manipulate the growth of collaterals
by means of either biochemical or biophysical
intervention.

Financial & competing interests disclosure
The authors have no relevant affiliations or financial
involvement with any organization or entity with a finan-
cial interest in or financial conflict with the subject matter
or materials discussed in the manuscript. This includes
employment, consultancies, honoraria, stock ownership or
options, expert testimony, grants or patents received or
pending, or royalties.

No writing assistance was utilized in the production of

this manuscript.

Methods
A cross-sectional study included a total of 187 patients who suffered ST-elevation MI (STEMI) with varying time onset of symptoms.
Results
Coronary collaterals were present in 19% of patients presenting within 6 h of onset.
Presence of coronary collaterals increases significantly during the first 24 h after STEMI.
Preinfarction angina was a significant determinant of the presence of collaterals during STEMI, independent of the time of onset
of MI.
Conclusion
The appearance of angiographic-visible collaterals is associated with the duration of occlusion during STEMI.
Preinfarction angina is the most important clinical factor associated with the early appearance of coronary collaterals.
Future perspective
The early presence of functional collaterals as alternative pathways during acute coronary occlusion will be the ideal situation in life-
saving and/or increasing the chance for better myocardial salvation. Based on the current knowledge regarding arteriogenesis, it is
seems feasible to manipulate the growth of collaterals by means of either biochemical or biophysical intervention.
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