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ABSTRACT

Introduction and objectives: The beneficial effect of coronary collateral circulation (CC) in patients with
ST-segment elevation myocardial infarction is controversial. The aim of this study was to evaluate the
impact of CC before reperfusion with primary angioplasty (PA) on the long-term prognosis of these
patients.
Methods: Retrospective observational study of a cohort of 947 patients treated with PA and TIMI grade
<1 flow in a single center from 2005 to 2013. Propensity score matching was used to create 2 groups of
175 patients each, matched by the degree of CC (Rentrop 0-1 vs Rentrop 2-3). In the matched cohort, we
determined the impact of CC on total mortality, cardiovascular mortality, and a combined adverse
cardiovascular event endpoint for a median follow-up of 864 (interquartile range, 396-1271) days.
Results: Of a total of 947 patients included, 735 (78%) had Rentrop 0 to 1 and 212 (22%) had Rentrop 2 to
3. During follow-up, 105 patients died, 71 from cardiovascular causes. In the matched cohort, the total
mortality rate was similar between the 2 groups (Rentrop 0-1 [8.8%] vs Rentrop 2-3 [6.3%]; HR = 1.22;
95%Cl, 0.50-2.94; P = .654). There were no differences in cardiovascular mortality (Rentrop 0-1 [4.6%] vs
Rentrop 2-3 [2.3%]; sHR = 0.49; 95%Cl, 0.14-1.62; P = .244) or the composite endpoint including
cardiovascular death, reinfarction, target vessel revascularization, and coronary artery bypass surgery
(Rentrop 0-1 [18.8%] vs Rentrop 2-3 [13.1%]; sHR = 0.68; 95%ClI, 0.40-1.15; P = .157).
Conclusions: In this contemporary series, the presence of good CC before PA was not associated with
better long-term clinical outcomes.

© 2016 Sociedad Espafiola de Cardiologia. Published by Elsevier Espaiia, S.L.U. All rights reserved.

Impacto de la circulacion colateral en el pronostico a largo plazo de los pacientes
tratados con angioplastia primaria

RESUMEN

Introduccion y objetivos: El efecto beneficioso de la circulacion colateral (CC) coronaria en pacientes con
infarto agudo de miocardio con elevacion del segmento ST es controvertido. Se investigd su impacto
antes de la reperfusion con angioplastia primaria (AP) en el pronéstico a largo plazo de estos pacientes.
Meétodos: Estudio observacional retrospectivo de una cohorte de 947 pacientes tratados con APy flujo de
grado TIMI < 1 en un centro entre 2005 y 2013. Tras emparejar por puntuacion de propension, se
obtuvieron 2 grupos de 175 pacientes emparejados por el grado de CC (Rentrop 0-1 frente a 2-3). En la
cohorte emparejada se determind el impacto de la CC en la mortalidad total, la mortalidad cardiovascular
y un combinado de eventos cardiovasculares tras una mediana de seguimiento de 864 [intervalo
intercuartilico, 396-1.271] dias.

Resultados: Del total de 947 pacientes incluidos, 735 (78%) tenian Rentrop 0-1y 212 (22%), Rentrop 2-3.
Durante el seguimiento, 105 fallecieron, 71 de causa cardiovascular. En la cohorte emparejada, la tasa de
mortalidad total fue similar entre los grupos (Rentrop 0-1 [8,8%] frente a Rentrop 2-3 [6,3%]; HR = 1,22;
1C95%, 0,50-2,94; p = 0,654). Tampoco hubo diferencias en la mortalidad cardiovascular (Rentrop 0-1,
[4,6%] frente a Rentrop 2-3 [2,3%]; sub-HR = 0,49; 1C95%, 0,14-1,62; p = 0,244) ni en el combinado de
eventos muerte cardiovascular, reinfarto, revascularizacion del vaso diana y cirugia de revascularizacion
coronaria (Rentrop 0-1[18,8%] frente a Rentrop 2-3 [13,1%]; sub-HR = 0,68; 1C95%, 0,40-1,15; p=0,157).
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Conclusiones: En esta serie contemporanea, la presencia de buena CC antes de la AP no se asocié a mejor
pronostico de los pacientes en cuanto a eventos clinicos a largo plazo.
© 2016 Sociedad Espafiola de Cardiologia. Publicado por Elsevier Espaiia, S.L.U. Todos los derechos reservados.

Abbreviations

ACC: poor or absent collateral circulation

CC: collateral circulation

GCC: good collateral circulation

PA: primary angioplasty

STEMI: ST-segment elevation acute myocardial infarction

INTRODUCTION

Coronary collateral circulation (CC) refers to the network of
vascular channels that develops to bridge a severe coronary
stenosis or connect myocardial territories supplied by different
epicardial arteries.' There are 2 main types of collateral vessels:
capillary size collaterals, which are predominantly located in the
endocardium, and large, muscular collaterals, which develop from
preexisting arterioles in the epicardium.?

In the last few decades, the CC of the heart has been the subject
of extensive research. Data derived from meta-analyses have
shown that patients with ischemic heart disease and good CC
(GCC) have a 36% lower risk of death than those with a poor or
absent CC (ACC). However, this benefit is essentially seen in
patients with stable chronic coronary disease and not in those with
acute myocardial infarction.?

In patients with ST-segment elevation acute myocardial
infarction (STEMI), the presence of GCC before reperfusion leads
to a decrease in the size of the infarct and microvascular injury in
the short-term, and prevents adverse ventricular modeling.*~’
Nonetheless, the impact of GCC on the long-term prognosis
remains controversial, with contradictory results in the 2 small
observational studies in this line.®°

The aim of this study was to evaluate the impact of CC status
determined before reperfusion on the long-term prognosis of
STEMI patients treated with primary angioplasty (PA).

METHODS
Patients and procedure

This retrospective cohort study was based on a local registry
that included all consecutive patients with STEMI of less than
12 hours’ duration treated by PA in our center between January
2005 and December 2013. Approximately 85% of our STEMI
patients have an indication for PA.'° The following patients were
excluded from the study: those with documented Thrombolysis In
Myocardial Infarction (TIMI) grade 2 or 3 anterograde flow in the
artery causing the infarction prior to PA, those undergoing
coronary angiography of a noncausal artery following PA, and
patients whose CC could not be properly evaluated due to technical
reasons (eg, absence of runs long enough to estimate the CC) or
who were not available for follow-up after the procedure
(Figure 1). The study, which was approved by the ethics committee
of our hospital, was conducted in accordance with the principles
set down in the Declaration of Helsinki.

All patients received dual antiplatelet therapy with a loading
dose of 300 mg aspirin and 600 mg of clopidogrel. Since 2011 and
according to their profile, patients received a 60-mg dose
of prasugrel or 180 mg of ticagrelor. An initial 5000-IU dose of

sodium heparin was administered during the procedure. Addi-
tional bolus administration of heparin and glycoprotein IIb/Illa
inhibitors was given at the discretion of the attending interven-
tional cardiologist. At completion of PA, patients were managed
according to the recommendations of clinical practice
guidelines."' Dual antiplatelet therapy for 12 months was
prescribed in all patients.

The patients’ demographic data and information on the
procedure and follow-up were prospectively recorded in a
database. Two experienced cardiologists retrospectively evaluated
the angiographies in a blinded manner to classify the CC into
grades. Disagreement between these assessments was resolved by
a third interventional cardiologist. The CC to the culprit artery was
graded according Rentrop’s classification: grade 0, no filling of any
collateral vessels; grade 1, filling of side branches of the culprit
epicardial artery by collateral vessels; grade 2, partial filling of the
culprit artery by collateral vessels; grade 3, complete filling of
the culprit epicardial artery by collateral vessels.'” Patients were
then divided into 2 groups according to their CC grade: the ACC
group (Rentrop 0-1) and the GCC group (Rentrop 2-3). The Kappa
index of agreement was used to evaluate the intraobserver and
interobserver variability for the classification of patients into one
group or the other in a single random sample of 100 patients.

Aims and Follow-up

The primary aim of the study was to assess the impact of the CC
on all-cause mortality. The secondary aims were the cardiovascu-
lar mortality rate and a composite endpoint of cardiovascular
events including cardiovascular death, nonfatal reinfarction, target
vessel revascularization, and coronary artery bypass surgery.

The cause of death was assigned by 2 cardiologists responsible
for the registry. If there was a discrepancy between the
2 cardiologists, a third was consulted. When the cause of death
was lacking or there was no consensus, the patient was included in
the group “cause of death unknown or unclassifiable”.

Reinfarction was defined as recurrent chest pain with ST-
segment or T-wave changes and a new elevation of myocardial
necrosis markers. Revascularization of the target vessel was
defined as the need for angioplasty with or without stent
placement due to restenosis or thrombosis. In patients with more
than 1 event, only the first was used for the combined endpoint of
cardiovascular events.

To complete the patient follow-up (initiated on the day of
hospital admission) and to determine the clinical events, we used
the electronic medical records and in some cases, telephone
contact. The patients’ clinical history is managed by the SELENE
program in our hospital and the HORUS platform for processes in
other hospitals and in primary care centers.

Statistical Analysis

The complete cohort participated in the first phase of the
analysis. Qualitative variables are expressed as the frequency and
percentage. The comparison of percentages between the groups
was carried out with the chi-square test or Fisher exact test.
Quantitative variables are expressed as the mean + standard
deviation or the median [interquartile range]. Mean values were
compared using the Student t test, and median values with the
nonparametric Mann Whitney U test. Because of the nonrandomized
nature of the study and the multiple sources of bias that could have an
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Figure 1. Flow chart of patient enrollment in the study. ACC, poor or absent collateral circulation; CC, collateral circulation; GCC, good collateral circulation;
PA, primary angioplasty; Rentrop, CC grading scale; TIMI, Thrombolysis in Myocardial Infarction.

influence on the prognostic effect of the CC in this scenario, we
performed an analysis including propensity score matching to
minimize the potential bias implied by investigating the effect of
GCC within an observational study.'® To this end, we estimated the
propensity to have ACC or GCC by logistic regression analysis
including the following covariates: age, sex, body mass index,

diabetes mellitus, smoking habit, hypertension, dyslipidemia, previ-
ous ischemic heart disease, multivessel disease, infarct in an anterior
location, presence of stent thrombosis, and the pain-to-needle time
(time from the onset of symptoms to the start of the procedure). The
balance of these covariates was evaluated using an algorithm that
generated blocks using the propensity score information and
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Figure 2. Degree of overlapping of the sample before and after propensity scoring according to whether or not there was good collateral circulation. ACC, poor or
absent collateral circulation; CC, collateral circulation; GCC, good collateral circulation.
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Table 1

Baseline Characteristics and Demographic Data Stratified by the Collateral Circulation Grade in the Overall Cohort and Matched Cohort

Total cohort

Matched cohort

ACC, Rentrop GCC, Rentrop P ACC, Rentrop GCC, Rentrop P

0-1 (n = 735) 2-3 (n = 212) 0-1 (n = 175) 2-3 (n = 175)
Age, y 61+13 60+12 .180 60+13 60+13 .875
Women, % 19.6 19.8 .950 21.1 19.4 .690
Weight, kg 78 +14 79+13 497 78 +14 79+13 .283
Height, cm 168+9 169+9 158 168+ 11 170+8 .106
Body surface area, m? 1.9+0.2 1.9+0.2 419 1.9+0.2 1.9+0.2 .169
BMI 27+4 27+3 .869 27+4 27+3 480
Hypertension, % 46.5 48.1 .682 46.3 46.3 1.0
Diabetes mellitus, % 21.0 13.2 .011 154 13.1 .541
Dyslipidemia, % 39.2 36.8 511 343 354 .822
Previous ischemic heart disease, % 11.7 10.8 727 9.1 9.1 1.0
Smoking, % 69.8 72.6 433 75.4 72.6 .542

ACC, poor or absent collateral circulation; BMI, body mass index; GCC, good collateral circulation.

determined differences within each block with the Student t test for
each of the covariates that participated in the propensity score
estimate.'

For the propensity score matching, we used a 1:1 protocol
without replacement, with a caliper width equal to 0.2 of the
standard deviation of the logit of the estimated propensity score.'®
Two groups were created, matched by their propensity to have ACC
or GCC. The balance between the covariates was then evaluated by
obtaining the standardized differences of their means before and
after matching. The predictive capacity of the model used to
generate the propensity score was 0.69 (95% confidence interval
[95%ClI] 0.64-0.73). The density distribution of the propensity score
before and after matching is shown in Figure 2.

Survival analysis was carried out in the matched cohort. For all-
cause mortality, the survival curve of each group was estimated
using the Kaplan-Meier method and compared using a stratified
log-rank test. The Cox model was adjusted to the matching nature
of the stratified sample by the pairs created.'®!” As death by other
causes would act as a competing event, we used a regression model
based on the Fine and Gray method for competing risks to analyze
cardiovascular mortality and the composite endpoint of cardio-
vascular events.'® The cumulative incidence function was repre-
sented for each event.

Statistical analyses were carried out using SPSS 20.0 and STATA/
IC 14.1. All tests were 2-tailed and results were considered
statistically significant at a P value of < .05.

RESULTS

Of the 947 patients included with TIMI O-I flow in the artery
responsible for the infarct, 735 (78%) had ACC, whereas 212 (22%)
had GCC (Figure 1). The Kappa indices of agreement for
interobserver and intraobserver variability were excellent
(k=0.95; 95% CI, 0.88-1.00, and k=0.97; 95% CI, 0.92-1.00,
respectively).

Baseline characteristics and procedure data

Analysis of the baseline and demographic data showed that
patients with GCC had a lower prevalence of diabetes mellitus than

those with ACC (13.2% vs 21.0%; P=.011). Furthermore, the GCC
group showed considerable differences relative to those with
ACC regarding the procedure and clinical outcome (Table 1 and
Table 2): a longer time between symptom onset and start of
catheterization (symptoms-to-needle, 220 vs 200 min; P=.020),
longer time to revascularization of the occluded artery
(symptoms-to-balloon, 237 vs 222 min; P=.022), less contrast
agent used in the procedure (146 vs 154 mL; P=.038), fewer
infarcts in an anterior location (20.7% vs 43.4%; P <.001), a
lower troponin I peak value (67 vs 88 ng/mL; P <.001), and a
higher left ventricular ejection fraction at discharge (51% vs 48%;
P <.001).

Adjustment according to the propensity score placed
175 patients in the GCC group, which were matched with
175 in the ACC group. The balance in the distribution of baseline
covariates and procedure-related covariates between the properly
matched patients is summarized in Table 1 and Table 2. The
standardized differences of the means before and after matching
are shown in Figure 3.

Events During Follow-up

After a median follow-up of 864 [396-1.271] days, 105 patients
in the overall cohort had died, 91 (12.4%) in the ACC group vs 14
(6.6%) in the GCC group. In the matched cohort, the primary event
rate (all-cause mortality) was found to be similar in the 2 groups
(ACC vs GCC, 8.8% vs 6.3%; hazard ratio [HR], 1.22; 95% CI, 0.50-
2.94; P=.654) (Figure 4A).

Among the 105 patients who died, 71 deaths were due to a
cardiovascular cause, 66 (9.0%) in those with ACC and 5 (2.4%)
in those with GCC. In the postmatching analysis, although
the percentage of events in the ACC group doubled that
recorded in GCC, the differences were not statistically
significant (4.6% vs 2.3%; sub-HR [sHR], 0.49; 95% CI, 0.14-
1.62; P=.244).

Finally, in the overall cohort, the rate of combined
cardiovascular events (cardiovascular death, reinfarction, target
vessel revascularization, and coronary artery bypass surgery)
was 19.9% in the ACC group vs 13.7% in GCC. As occurred
with cardiovascular mortality, in the matched cohort, the
differences benefitting patients with GCC did not reach
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Table 2
Clinical Characteristics and Procedural Data Stratified by Collateral Circulation Grade in the Overall and Matched Cohort
Total cohort Matched cohort
ACC, Rentrop GCC, Rentrop P ACC, Rentrop GCC, Rentrop P
0-1 (n = 735) 2-3 (n = 212) 0-1 (n = 175) 2-3 (n = 175)
Peak troponin I, ng/mL 88 [37-167] 67 [20-113] < .001 75 [36-118] 69 [21-113] 055
Cardiogenic shock, % 8.0 4.3 .062 59 4.0 426
Multivessel disease, % 34.7 36.8 573 38.8 36.6 .659
Infarct in anterior location, % 43.4 20.7 < .001 194 20.0 .893
Baseline TIMI flow, % 362 .628
0 92.5 94.3 95.4 94.3
1 7.5 5.7 4.6 5.7
Vascular access, % 767 .836
Radial/cubital 90.1 92.0 93.1 92.6
Femoral 9.9 8.0 6.9 7.4
Need to cross, % 3.0 4.7 221 23 34 .750
Case of stent thrombosis, % 4.7 4.2 302 29 4.0 557
GPIIb/Illa inhibitor, % .569 .629
Abciximab 20.3 17.9 154 16.0
Tirofiban 0.1 0 0.6 0
Eptifibatide 61.5 66.5 66.7 70.3
DES, % 341 34.9 .838 32.6 33.7 .820
Fluoroscopy time, min 12 [9-18] 13 [10-22] .079 11 [9-18] 12 [10-20] 219
Contrast volume, mL 154 [123-192] 146 [120-180] 038 153 [120-182] 143 [120-172] 054
Thrombus aspiration device, % 87.1 89.6 321 88.0 90.3 492
Procedure times
Door-to-balloon, min 68 [45-96] 75 [45-107] 068 71 [45-100] 73 [45-100] 881
Needle-to-balloon, min 18 [13-25] 17 [12-25] 868 18 [14-25] 17 [12-25] 532
Symptoms-to-needle, min 200 [143-310] 220 [151-410] 020 240 [155-370] 220 [160-413] 795
Symptoms-to-balloon, min 222 [163-335] 237 [170-421] 022 244 [170-370] 240 [180-423] 694
LVEF at discharge, % 50 [40-55] 50 [45-60] < .001 50 [45-58] 50 [45-60] 324
Final TIMI flow 2-3, % 933 94.8 436 94.3 954 .628

ACC, poor or absent collateral circulation; DES, drug-eluting stent; GCC, good collateral circulation; GPIIb/Illa, glycoprotein IIb/Illa; LVEF, left ventricular ejection fraction;
TIMI, Thrombolysis in Myocardial Infarction.
Values are expressed as the percentage or median [interquartile range], unless otherwise specified.
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Figure 3. Graph showing the standardized differences of the means of each covariate before and after matching. Note that all covariates are within the 10% interval
following matching. BMI, body mass index; DM, diabetes mellitus; HT, hypertension.
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Figure 4. A: Survival curves for all-cause mortality by subgroups according to collateral circulation grade. B: Cumulative incidence curves for the composite
endpoint of cardiovascular events by subgroups according to collateral circulation grade. Model adjusted for mortality during follow-up as a competing event.
95% CI, 95% confidence interval; ACC, poor or absent collateral circulation; CABG: coronary artery bypass grafting; CVD, cardiovascular death; GCC, good collateral
circulation; HR, hazard ratio; sHR: subhazard ratio; TVR, target vessel revascularization.

statistical significance (18.8% vs 13.1%; sHR, 0.68; 95% CI, 0.40-
1.15; P=.157) (Figure 4B).

DISCUSSION

This is the largest study to date evaluating the impact of CC
status prior to PA reperfusion on the long-term prognosis of STEMI
patients. The following are the main findings: 1) The presence of
GCC before reperfusion treatment is uncommon in STEMI patients
and is more frequent in infarcts affecting territories other than an
anterior location, and 2) In the analysis of patients matched by
propensity score, the presence of GCC before PA was not associated
with a more favorable long-term outcome.

Collateral Circulation and Clinical Events

The clinical relevance of CC in the era of coronary revasculari-
zation is controversial. Data derived from meta-analyses support a
beneficial impact of CC on survival, mainly in patients with stable
ischemic heart disease.>'® However, in the setting of acute disease,
where the incidence of new cardiovascular events remains high
following the acute coronary syndrome,?° the results of the related
studies are discordant. In Spain, the incidence of acute myocardial
infarction in individuals older than 50 years is estimated at
90 000 cases per year.?!

Arecent study including more than 5000 participants evaluated
associations between CC and clinical events in patients with a non-
ST-segment elevation acute myocardial infarction. No associations
were found between the CC grade and clinical events, such as
death, nonfatal infarction, or revascularization of the target
vessel.*?

In patients with STEMI, the presence of CC leads to a lowering
of the myocardial ischemia burden in the acute phase®* and a
decrease in ventricular arrhythmia due to a reduction in the
ischemia-mediated prolongation of the QT interval.>* Further-
more, CC can result in a reduction in the size of the infarct and
microvascular injury, as well as adverse ventricular modeling in
these patients.*”” Several authors have evaluated the clinical
impact of CC according to this pathophysiologic basis, with
discrepant results. One of the first studies, which only included

patients with anterior infarcts, found lower in-hospital mortali-
ty in those who exhibited some CC development (Rentrop 1-3)
through a decrease in cardiogenic shock.?® Despite these
findings, several other authors have reported no clinical benefits
from CC.#?%27 Various factors may explain these discrepancies:
differences in the inclusion criteria (eg, location of the infarct,
reperfusion methods used, and time from symptom onset to
reperfusion), insufficient statistical power to evaluate “hard”
clinical outcomes, a generally short follow-up, and a lack of
statistical adjustment for potential confounders, a limitation
seen in most of the published studies on this subject. The use of
propensity scoring in the present study has enabled us to
minimize in great part the differences between patients with
different grades of CC. It should also be noted that the results
and conclusions of this study were obtained in 2 patient
subgroups that allowed matching. In this cohort, there were
some notable differences between the groups studied, some of
which have been described in previous articles. The most
important from the clinical viewpoint were the smaller
percentage of diabetic patients and the longer ischemia time
in the GCC group, and differences in the artery responsible for
infarction between patients who developed CC and those who
did not. The percentage of infarcts affecting anterior territories
in our series was significantly lower in patients who developed
GCC (20.7% vs 43.4%; P < .001). This concurs with data from the
available studies, in which the percentage of anterior infarcts in
patients with GCC ranges from 14% to 45%.%89:26:27

With regard to the follow-up time, only 2 studies have
evaluated the long-term impact of CC, and their results differ.5
In the first, the presence of GCC was associated with longer survival
and a lower rate of cardiovascular events, particularly in patients
with more than 6 hours since the onset of symptoms. The second
study found no correlation between the CC grade before
reperfusion with PA and the long-term prognosis in STEMI
patients. In addition to the lack of statistical adjustment, the main
limitation of both studies was the size of the sample included
(235 and 330 patients, respectively). The present study, which has
a clinical follow-up of more than 2 years, is the largest to date
investigating this subject.

In summary, the results of this study show that the presence of
GCC before PA treatment does not have an impact on the long-term
prognosis of STEMI patients. This indicates that although a
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well-developed CC may attenuate ischemia and lead to a decreased
size of the infarct in the earliest phase, it may also be a marker of
chronic ischemia risk and more advanced heart disease, which
could imply a poorer long-term prognosis. Precise evaluation of the
time factor would likely be of considerable interest. That is, the
time when CC developed in each patient: either chronically in
patients with previous ischemia or immediately after the acute
vessel occlusion. This aspect would be key to understanding the
significance of CC in each case.

Limitations

One of the main limitations of this study was the method used
to evaluate CC, which was done using angiography. Other, more
invasive methods are available, measuring intracoronary pressure
or Doppler flow indices, and these more reliable and quantifi-
able.”® Nonetheless, they are not practical in the urgent scenario
of PA. Furthermore, CC evaluation was not done in an independent
core laboratory. Despite these limitations, the indices of
agreement for classifying patients into each group (ACC or GCC)
were excellent.

Another limitation of the study lies in the baseline
differences between the groups studied: a higher percentage
of diabetic patients, lower troponin I peak values, fewer infarcts
in an anterior location, smaller contrast volume used, longer
symptoms-to-balloon time, and better left ventricular ejection
fraction at discharge in patients with GCC. The use of statistical
techniques such as the propensity score would reduce these
sources of bias in great part. However, other methodological
limitations should be considered, such as variables that were not
recorded (eg, the different antiplatelet regimens used and data
on treatment during follow-up) and the reduction in sample size
inherent to the statistical technique. In light of the differences
described, stratification of the results according to the artery
responsible for the infarction would have had considerable
interest. However, as the analysis was performed using
propensity scores in a smaller subgroup of patients, the dearth
of events and subsequent lack of statistical power might have
rendered the model inconsistent, and the results impossible to
evaluate

Of note, since 2005, 9% of patients in our series underwent PA
directly, without previous angiography of the contralateral vessel.
These patients were excluded from the analysis because it was
impossible to assess their CC (Figure 1).

CONCLUSIONS

The results of this study, which contains the largest number of
patients reported to date, show that the presence of a well-
developed CC in STEMI patients before PA reperfusion is not
associated with a long-term decrease in all-cause mortality,
cardiovascular mortality, or the incidence of a composite endpoint
of cardiovascular events. These findings suggest that we should not
neglect follow-up in these patients or fail to provide strong
secondary prevention measures, as indicated for all patients with
ischemic heart disease.
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WHAT IS KNOWN ABOUT THIS TOPIC?

- In recent years, coronary CC has been the subject of
extensive research. Data from meta-analyses point to a
beneficial effect of the CC on patient survival, mainly in
those with stable ischemic heart disease.

- It is uncertain whether coronary CC has a favorable
effect in patients with an ST-segment elevation acute
coronary syndrome.

- Only 2 observational studies with small samples have
evaluated the impact of the CC on the long-term
prognosis of these patients, with contradictory results.

WHAT DOES THIS ARTICLE ADD?

- This study is the largest to date assessing the impact of
the coronary CC on clinical events, and the follow-up
period is longer than 2 years.

- It is the only study in this context that has used a
propensity score statistical approach to adjust for
confounding variables.

- The results reported may serve as a lead point for future
research on the subject of CC in acute ischemic heart
disease. Collateral circulation: Is it protective or a risk
marker?

REFERENCES

10.

11.

12.

13.

. Levin DC. Pathways and functional significance of the coronary collateral circula-

tion. Circulation. 1974;50:831-837.

. Schaper W. Collateral vessel growth in the human heart. Role of fibroblast growth

factor-2. Circulation. 1996;94:600-601.

. Meier P, Hemingway H, Lansky AJ, Knapp G, Pitt B, Seiler C. The impact of the

coronary collateral circulation on mortality: a meta-analysis. Eur Heart J.
2012;33:614-621.

. Elsman P, Van't Hof AW, De Boer M], et al. Zwolle Myocardial Infarction Study

Group.Role of collateral circulation in the acute phase of ST-segment-elevation
myocardial infarction treated with primary coronary intervention. Eur Heart J.
2004;25:854-858.

. Desch S, Eitel I, Schmitt ], et al. Effect of coronary collaterals on microvascular

obstruction as assessed by magnetic resonance imaging in patients with acute ST-
elevation myocardial infarction treated by primary coronary intervention. Am J
Cardiol. 2009;104:1204-1209.

. Yoon SJ, Ko YG, Kim ]S, et al. Impact of coronary artery collaterals on infarct size

assessed by serial cardiac magnetic resonance imaging after primary percutaneous
coronary intervention in patients with acute myocardial infarction. Coron Artery
Dis. 2009;20:440-445.

. Sezer M, Nisanci Y, Umman B, et al. Pressure-derived collateral flow index: a strong

predictor of late left ventricular remodeling after thrombolysis for acute myocar-
dial infarction. Coron Artery Dis. 2006;17:139-144.

. Desch S, De Waha S, Eitel I, et al. Effect of coronary collaterals on long-term

prognosis in patients undergoing primary angioplasty for acute ST-elevation
myocardial infarction. Am J Cardiol. 2010;106:605-611.

. Rechcinski T, Jasifiska A, Peruga JZ, et al. Presence of coronary collaterals in ST-

elevation myocardial infarction patients does not affect long-term outcome. Pol
Arch Med Wewn. 2013;123:29-37.

Mingo S, Goicolea ], Nombela L, et al. Angioplastia primaria en nuestro medio.
Analisis de los retrasos hasta la reperfusion, sus condicionantes y su implicacion
prondstica. Rev Esp Cardiol. 2009;62:15-22.

Steg PG, James SK, Atar D, et al. Task Force on the management of ST-segment
elevation acute myocardial infarction of the European Society of Cardiology
(ESC).ESC Guidelines for the management of acute myocardial infarction in
patients presenting with ST-segment elevation. Eur Heart]. 2012;33:2569-2619.
Rentrop KP, Cohen M, Blanke H, Phillips RA. Changes in collateral channel filling
immediately after controlled coronary artery occlusion by an angioplasty balloon
in human subjects. ] Am Coll Cardiol. 1985;5:587-592.

Pattanayak CW, Rubin DB, Zell ER. Métodos de puntuacion de propension para
crear una distribucién equilibrada de las covariables en los estudios observacio-
nales. Rev Esp Cardiol. 2011;64:897-903.


http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0145
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0145
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0150
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0150
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0155
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0155
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0155
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0160
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0160
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0160
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0160
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0165
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0165
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0165
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0165
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0170
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0170
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0170
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0170
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0175
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0175
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0175
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0180
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0180
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0180
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0185
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0185
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0185
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0190
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0190
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0190
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0195
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0195
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0195
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0195
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0200
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0200
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0200
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0205
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0205
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0205

20.

21.

FJ. Herndndez-Pérez et al./Rev Esp Cardiol. 2017;70(3):178-185

. Garrido MM, Kelley AS, Paris ], et al. Methods for constructing and assessing

propensity scores. Health Serv Res. 2014;49:1701-1720.

. Austin PC, Mamdani MM. A comparison of propensity score methods: a case-study

estimating the effectiveness of post-AMI statin use. Stat Med. 2006;25:2084-2106.

. Austin PC. A tutorial and case study in propensity score analysis: an application to

estimating the effect of in-hospital smoking cessation counseling on mortality.
Multivar Behav Res. 2011;46:119-151.

. Austin PC. The use of propensity score methods with survival or time-to-event

outcomes: reporting measures of effect similar to those used in randomized
experiments. Stat Med. 2014;33:1242-1258.

. Fine JP, Gray RJ. A proportional hazards model for the subdistribution of a

competing risk. ] Am Stat Assoc. 1999;94:496-509.

. Akin S, Yetgin T, Brugts JJ, Dirkali A, Zijlstra F, Cleophas TJ. Effect of collaterals on

deaths and re-infarctions in patients with coronary artery disease: a meta-analy-
sis. Neth Heart J. 2013;21:146-151.

Abu-Assi E, Lopez-Lopez A, Gonzalez-Salvado V, et al. El riesgo de eventos cardi-
ovasculares tras un evento coronario agudo persiste elevado a pesar de la revas-
cularizacion, especialmente durante el primer afio. Rev Esp Cardiol. 2016;69:11-18.
Marrugat ], Elosua R, Grau M, Sayols-Baixeras S, Dégano I. Prevalencia y prondstico
de los pacientes con infarto de miocardio de alto riesgo candidatos a doble
tratamiento antiagregante prolongado. Rev Esp Cardiol. 2016;69:480-487.

22.

23.

24.

25.

26.

27.

28.

185

Meier P, Lansky AJ, Fahy M, et al. The impact of the coronary collateral circulation
on outcomes in patients with acute coronary syndromes: results from the ACUITY
trial. Heart. 2014;100:647-651.

Meier P, Seiler C. The coronary collateral circulation — clinical relevances and
therapeutic options. Heart. 2013;99:897-898.

Meier P, Gloekler S, De Marchi SF, Zbinden R, Delacrétaz E, Seiler C. An indicator of
sudden cardiac death during brief coronary occlusion: electrocardiogram QT time
and the role of collaterals. Eur Heart J. 2010;31:1197-1204.

Perez-Castellano N, Garcia EJ, Abeytua M, et al. Influence of collateral circulation on
in-hospital death from anterior acute myocardial infarction. ] Am Coll Cardiol.
1998;31:512-518.

Antoniucci D, Valenti R, Moschi G, et al. Relation between preintervention angio-
graphic evidence of coronary collateral circulation and clinical and angiographic
outcomes after primary angioplasty or stenting for acute myocardial infarction. Am
J Cardiol. 2002;89:121-125.

Sorajja P, Gersh BJ, Mehran R, et al. Impact of collateral flow on myocardial
reperfusion and infarct size in patients undergoing primary angioplasty for acute
myocardial infarction. Am Heart J. 2007;154:379-384.

Traupe T, Gloekler S, De Marchi SF, Werner GS, Seiler C. Assessment of the human
coronary collateral circulation. Circulation. 2010;122:1210-1220.


http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0210
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0210
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0215
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0215
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0220
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0220
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0220
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0225
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0225
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0225
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0230
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0230
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0235
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0235
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0235
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0240
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0240
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0240
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0245
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0245
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0245
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0250
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0250
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0250
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0255
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0255
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0260
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0260
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0260
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0265
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0265
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0265
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0270
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0270
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0270
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0270
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0275
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0275
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0275
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0280
http://refhub.elsevier.com/S1885-5857(16)30288-2/sbref0280

	Impact of Coronary Collaterals on Long-term Prognosis in Patients Treated With Primary Angioplasty
	INTRODUCTION
	METHODS
	Patients and procedure
	Aims and Follow-up
	Statistical Analysis

	RESULTS
	Baseline characteristics and procedure data
	Events During Follow-up

	DISCUSSION
	Collateral Circulation and Clinical Events
	Limitations

	CONCLUSIONS
	CONFLICTS OF INTEREST
	WHAT IS KNOWN ABOUT THIS TOPIC?
	WHAT DOES THIS ARTICLE ADD?

	References


