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ABSTRACT

The no-reflow phenomenon occurs in a considerable number of patients with ST elevation myocardial infarction (STEMI) under-
going primary reperfusion therapy. Our study aimed to identify clinical, angiographic, and procedural variables that predict this
phenomenon in patients with STEMI undergoing primary percutaneous coronary intervention (PPCI), as well as determine the
impact of no-reflow on in-hospital mortality. Prospective observational data from 410 patients with STEMI undergoing PPCI were
obtained. In this study, diabetes mellitus, late presentation, higher Killip class at admission, anterior wall infarction, proximal site
of occlusion, presence of high-grade thrombus, and left ventricular systolic dysfunction at admission were significantly associated
with suboptimal coronary flow. Diabetes mellitus, a high thrombus burden, prolonged total ischemic time, and low left ventricular
gjection fraction on admission were independent predictors of no-reflow. No-reflow during PPCl was associated with in-hospital
mortality more than twice that for normal flow.
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rimary percutaneous coronary intervention (PPCI)
has been established as the most effective manage-
ment strategy to restore antegrade blood flow in
ST-elevation myocardial infarction (STEMI). The
no-reflow phenomenon occurs in a considerable number of
patients with acute STEMI (11%-41%) undergoing primary

reperfusion therapy.l’2 Experimental and clinical studies have

with STEMI undergoing PPCI and to determine the impact
of no-reflow on in-hospital mortality.

METHODS

A rtotal of 455 patients with STEMI underwent PPCI in
the Department of Cardiology, Medical
College, Kottayam, from January 1, 2013, to December 31,
2013. Consecutive patients with acute myocardial infarction
who underwent PPCI within 12 hours after appearance of
symptoms were included in the study. Exclusion criteria

Government

shown that the no-reflow phenomenon is associated with
large myocardial necrosis and high mortality.>* Suggested
mechanisms for no-reflow or slow flow include coronary

microcirculation disturbances, such as distal embolization of
thrombus and plaque debris, microvascular damage, and
reperfusion injury."”” A number of clinical, serologic, and
angiographic parameters have been shown to be associated
with no-reflow.? In addition, a number of treatment strat-
egies have been tried with variable results in no-reflow.”™
Knowing the predictors or risk factors of no-reflow can help
prevent this dreaded complication of PPCI. The aim of this
study was to identify clinical, angiographic, and procedural
factors that predict the no-reflow phenomenon in patients

included rescue PCI, patients with STEMI presenting after a
>12-hour window, patients with coronary dissection
(whether spontaneous or procedure related), and patients in
whom no stenting was done for various reasons such as
unsuitable anatomy or insignificant lesions in coronary
angiogram. A total of 410 patients who had undergone PPCI
and stenting were included in the study after providing
informed consent. STEMI was defined as typical chest pain
for more than 30 minutes and either ST segment elevation
of >1 mm in two consecutive leads or new-onset left bundle
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Table 1. Clinical characteristics of the study patients: no-reflow group vs normal flow group

Variable No-reflow (n=63) Normal flow (n= 347) P value
Age, years (mean =+ SD) 59.0+10.9 573114 0.27
Male 46 (73%) 273 (78.7%) 0.99
Previous CAD 8 (12.7%) 51 (14.7%) 0.68
Renal insufficiency 4 (6.3%) 14 (4%) 0.41
Smoking 27 (42.9%) 163 (47%) 0.55
Hypertension 18 (28.6%) 91 (26.2%) 0.70
Diabetes mellitus 28 (44.4%) 108 (31.1%) 0.04
Total ischemic time, h (mean + SD) 6.63+2.76 4.50+2.86 <0.001
Patients with Killip classes 3 and 4 15 (23.8%) 41 (11.8%) <0.001
Admission ejection fraction 43.52+10.5% 51.57 +10.6% <0.001
Proportion of AWMI 45/63 (71.4%) 150/347 (43.2%) <0.001

AWMI indicates anterior wall myocardial infarction; CAD, coronary artery disease.

branch block. Normal flow was defined as a Thrombolysis in
Myocardial Infarction (TIMI) score of 3 after stenting with
or without postdilatation. No-reflow was defined as TIMI
flow grade <2.

Baseline demographic data and data on clinical risk fac-
tors were collected. Hypertension was defined as systemic
blood pressure >140/90 mm Hg or the use of antihyperten-
sive treatment. Diabetes mellitus was defined as fasting blood
sugar >126 mg/dL or the use of specific treatment. Previous
coronary artery disease (CAD) was defined as a history of
previous myocardial infarction, acute coronary syndrome,
exertional angina, or prior revascularization. Renal insuffi-
ciency was defined as a calculated creatinine clearance rate of
<60 mL/min as determined by the Cockcroft-Gault equa-
tion. Total ischemic time was defined as time from symptom
onset to first balloon inflation in minutes. Killip class at pres-
entation and transthoracic echocardiogram ejection fraction
at presentation were recorded.

Angiographic data collected included details of the culprit
vessel and lesion, such as thrombus burden (low or high),
lesion location (proximal, mid, or distal lesion), and TIMI
flow grade before the procedure. Thrombus burden was clas-
sified as low if the TIMI thrombus class was <3 and high if
the TIMI thrombus class was >3. Patients were divided into
normal flow and no-reflow groups according to the coronary
flow assessed in coronary angiogram following stenting and
postdilatation. Predilatation and postdilatation were done
according to operators’ discretion. The coronary flow in the
infarct-related artery was graded according to the classifica-
tion used in the TIMI trial. Significant coronary artery sten-
osis was defined as at least 70% reduction in the internal
diameter of the right coronary artery or left anterior descend-
ing or left circumflex coronary artery and their major
branches or a 50% reduction in the internal diameter of the
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left main coronary artery. Nonsignificant stenosis
was defined as coronary arterial narrowing less than signifi-
cant stenosis. Procedure details were collected, including
length, diameter, and type of stent and use of pre- or
postdilatation. In-hospital mortality rates of the two groups
were compared.

Data were expressed as mean+SD. The normal and
the no-reflow groups were compared using the chi-square
test for discrete variables and unpaired 7 test for continu-
ous variables according to standard statistical methods.
Univariate and multivariate analyses were performed to
identify predictors of the no-reflow phenomenon. In all
analyses, significance was accepted at P < 0.05. Statistical
analysis was performed with standard statistical software,

SPSS Version 20.

RESULTS

Of the 410 patients included in this study, normal flow
was found in 347 patients (84.6%) and no-reflow in 63
patients (15.4%). The mean age was 57.3 + 11.4 years in the
normal flow group and 59+10.9 years in the no-reflow
group. In this study, most patients with normal flow
(42.4%) were aged 41 to 55 years, whereas most no-reflow
patients (50.8%) were aged 56 to 70 years, but there was no
statistically significant association between advanced age and
the incidence of no-reflow. There was no gender difference
in occurrence of no-reflow.

Baseline clinical data for the study population are shown
in Table 1. The prevalence of diabetes was higher in the no-
reflow group (44.4% vs 31.1%, P=0.04). Total ischemic
time was higher in the no-reflow group compared to the nor-
mal flow group (6.63+2.76 vs 4.50+2.86, P<0.001).
Patients with no-reflow had a higher Killip class than
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Table 2. Angiographic findings and procedural characteristics of the study patients
during primary percutaneous coronary intervention

Variable No-reflow (n=63 ) Normal flow (n= 347) P value
Multivessel CAD 35 (55.6%) 157 (45.2%) 0.13
Proximal vessel lesion 53 (84.1%) 250 (72%) 0.05
Presence of > grade 3 thrombus 26 (41.3%) 93 (26.8%) 0.02
Predilatation 21 (33.3%) 91 (26.2%) 0.24
Initial TIMI flow 0 or 1 33 (52.4%) 162 (46.7%) 0.41
Stent diameter, mm (mean + SD) 2.99+0.301 2.99+0.289 0.64
Stent length, mm (mean =+ SD) 27.48+9.3 28.8+8.9 0.29
Postdilatation 13 (20.6%) 43 (12.4%) 0.08

CAD indicates coronary artery disease; TIMI, Thrombolysis in Myocardial Infarction score.

patients with normal flow: The proportion of patients with
Killip classes 3 and 4 was 23.8% vs 11.8%, respectively.
Left ventricular (LV) dysfunction was more frequent in
the no-reflow group. The mean LV ¢jection fraction was
43.52+10.5 in the no-reflow group compared with
51.57+10.6 in the normal-flow group. Anterior wall myo-
cardial infarction (AWMI) was found to be significantly
associated with no-reflow, because 71.4% of no-reflow group
had AWMI, whereas only 43.2% of the normal-flow group
had AWMI.

Angiographic and procedural variables of the two groups
are compared in 7able 2. The territory of myocardial infarc-
tion and the involvement of different culprit vessels were
similar among the two groups. Angiographic findings with
statistical significance included proximal lesion site in the
culprit vessel and thrombus grade. About 84% of the no-
reflow group had proximal lesions and 15.9% had mid or
distal lesions. The presence of thrombus grade >3 in the cul-
prit vessel was more common in the no-reflow group than in
the normal-flow group. Higher than grade 3 thrombus was
present in 41.3% of patients with no-reflow versus 26.8% of
patients with normal flow. The presence of thrombus was
significantly associated with the incidence of slow flow.
Preprocedure total occlusions (TIMI 0 or 1 flow) were simi-
lar in the two groups. Pre- or postdilatation and stent charac-
teristics such as stent length, diameter, and type of stent
(bare metal vs drug-eluting stent) were also similar in the
two groups.

The only in-hospital outcome measured was in-hospital
mortality. No-reflow was significantly associated with high
in-hospital mortality. Among the no-reflow group, 10
patients (7.9%) died, whereas among the normal-flow group
5 patients (2.9%) died (P=0.049, statistically significant).

Multivariate logistic regression analysis was performed to
identify the independent predictors of slow flow. The factors
that were independently associated with no-reflow were the
presence of diabetes (odds ratio [OR]=2.222; 95%
confidence interval [CI], 1.193-4.139; P=0.012), a high
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thrombus burden (OR=1.875; 95% CI, 1.015-3.464;
P=0. 045), prolonged total ischemic time (OR=2.704;
95% CI, 1.437-5.090; P=0.002), and low LV ejection
(OR=1.060; 95% CI,

fraction on  admission

1.033-1.088; P=0.030).

DISCUSSION

No-reflow is defined as inadequate coronary flow (TIMI
grade <2) despite successful dilatation in the absence of dis-
section, thrombus, spasm, or high-grade residual stenosis at
the original target lesion at the completion of the procedure.
The mechanism of no-reflow after PPCI in patients with
STEMI is complex. The possible mechanisms of no-reflow
include endothelial dysfunction, microvascular disorders,
spasm, embolization, and reperfusion injury. In our study,
15.4% of patients undergoing PPCI developed no-reflow.
No-reflow was significantly associated with increased in-hos-
pital mortality (7.9% compared with 2.9% among the nor-
mal-flow group). In previous studies, no-reflow was not only
associated with high in-hospital mortality but also affected
long-term prognosis. In the study by Ndrepepa et al, in
patients with STEMI treated by PPCI, the no-reflow phe-
nomenon was a strong predictor of 5-year mortality.” In this
study involving >1400 patients with follow up of >5 years,
the no-reflow phenomenon after PCI provided prognostic
information that was independent of and beyond that pro-
vided by infarct size.

In our study, diabetes mellitus, late presentation, higher
Killip class at admission, anterior wall infarction, proximal
site of occlusion, presence of TIMI grade >3 thrombus, and
LV systolic dysfunction at admission were significantly asso-
ciated with suboptimal coronary flow in univariate analysis.
Of the variables, diabetes (OR =2.222), high thrombus bur-
den (OR=1.875), prolonged total ischemic time
(OR=2.704), and low LV ejection fraction on admission
(OR=1.060) were independent predictors of no-reflow on
multivariate analysis. Hyperglycemia is associated with
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impairment of microvascular function and can cause angio-
graphic slow flow as shown in previous studies.'”'" In our
study, patients with no-reflow had a longer total ischemic
time compared with patients with normal flow. Patients with
slow flow also had higher thrombus burden. The presence of
grade >3 thrombus in the culprit vessel was more frequent
in the slow-flow group than in the normal-flow group.
Prolonged ischemia leads to edema of distal capillary beds,
swelling of myocardial cells, neutrophil plugging, and altera-
tions of capillary integrity. Delayed reperfusion can result in
an older, more organized intracoronary thrombus, which
may increase the risk of distal embolization during PPCI and
increase the chance of no-reflow.'” Previous studies have
shown that LV ejection fraction <50%, cardiogenic shock,
and tachycardia are independent predictors of final TIMI
<2 flow."”™" Patients with LV systolic dysfunction resulting
from larger infarction can have large microvascular injury,
increased LV end-diastolic pressure, and decreased coronary
perfusion pressure, leading to suboptimal coronary flow. In
our study, stent characteristics like stent length, diameter,
and type as well as use of pre- or postdilatation were not pre-
dictive of no-reflow. Some studies have shown that long tar-
get lesion, initial TIMI flow (0-1), and use of an intra-aortic
balloon pump before PCI can independently predict slow
flow."®!” Many studies have shown advanced age as an inde-
pendent risk factor for no-reflow.'®'” In our study, there
was no significant difference in age between the two groups.
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