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Abstract

Objective

To study the mechanism of the no-reflow phenomenon using coronary angiography (CAG)
and intravascular ultrasound (IVUS).

Methods

A total of 120 patients with acute myocardial infarction (AMI) who successfully underwent in-
dwelling intracoronary stent placement by percutaneous coronary intervention (PCI). All pa-
tients underwent pre- and post-PCl CAG and pre-IVUS. No-reflow was defined as post-PCI
thrombolysis in myocardial infarction (TIMI) grade 0, 1, or 2 flow in the absence of mechani-
cal obstruction. Normal reflow was defined as TIMI grade 3 flow. The pre-operation refer-
ence vascular area, minimal luminal cross-sectional area, plaque cross-sectional area,
lesion length, plaque volume and plaque traits were measured by IVUS.

Results

The no-reflow group was observed in 14 cases (11.6%) and normal blood-flow group in 106
cases (89.4%) based on CAG results. There was no statistically significant difference in the
patients’ medical history, reference vascular area (no-flow vs. normal-flow; 15.5 + 3.2 vs.
16.2 + 3.3, p> 0.05) and lesion length (21.9 + 5.1 vs. 19.5 + 4.8, p> 0.05) between the two
groups. No-reflow patients had a longer symptom onset to reperfusion time compared to nor-
mal blood-flow group [(6.6 + 3.1) hvs (4.3 £ 2.7) h; p< 0.05] and higher incidence of TIMI flow
grade< 3 (71.4% vs 49.0%, p< 0.05). By IVUS examination, the no-reflow group had a signifi-
cantly increased coronary plaque area and plaque volume compared to normal blood-flow
group [(13.7 £+ 3.0) mm? vs (10.2 + 2.9) mm?; (285.4 + 99.8) mm?® vs (189.7 + 86.4) mm>;

p< 0.01]. The presence of IVUS-detected soft plaque (57.1% vs. 24.0%, p< 0.01), eccentric
plaque (64.2% vs. 33.7%, p< 0.05), plaque rupture (50.0% vs. 21.2%, p< 0.01), and thrombo-
sis (42.8% vs. 15.3%) were significantly more common in no-reflow group.
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Conclusion

There was no obvious relationship between the coronary risk factors and no-reflow phe-
nomenon. The symptom onset to reperfusion time, TIMI flow grade before stent deploy-
ment, plaque area, soft plaques, eccentric plaques, plaque rupture and thrombosis may be
risk factors for the no-reflow phenomenon after PCI.

Instruction

The purpose of the acute myocardial infarction (AMI) treatment strategy is to rescue the
dying heart by completely opening the occluded blood vessels. In recent years, studies have
shown that more than 25% of myocardial tissue blood flow does not completely recover with
revascularization, even in some patients who achieve thrombolysis in myocardial infarction
(TIMI) flow grade of 2 or lower at least 10 min after the end of the PCI procedure in coronary
angiography (CAG) imaging [1-3]. This lack of blood flow recovery is known as the no-re-
flow phenomenon. The no-reflow phenomenon weakens the clinical benefit of emergency
percutaneous coronary intervention (PCI). Compared with normal blood flow patients, these
patients often have cardiac insufficiency, post-infarction angina and other complications [4,
5]. Therefore, studying the mechanism of the no-reflow phenomenon is important. Current-
ly, coronary angiography can reflects changes in the vascular lumen to predict the risk of no-
reflow. Several studies have demonstrated that biomarkers of coronary lumen changes could
also have a prognostic role in the prediction of the no-flow phenomenon [1-5]. Intravascular
ultrasound (IVUS) is a recently developed interventional technique that not only reflects
changes in the vascular lumen, it reflects the cross-sectional structure of the blood vessels, in-
cluding plaques and plaque traits [6, 7]. IVUS plays an important role in the evaluating char-
acteristic lesion morphology and plaque composition with the no-reflow phenomenon [8, 9].
The aim of the present study is to use IVUS to explore the mechanism of the no-reflow phe-
nomenon by measurements of coronary artery structure changes, plaque morphology, and
plaque composition.

Materials and Methods
Ethics statement

This study was approved by the institutional review board of the Military General Hospital of
Beijing People’s Liberation Army Hospital. All participants provided their written consent to
participate in this study.

Patient population

From January 2008 to December 2012, we identified a total of 120 patients with a first AMI
who underwent IVUS interrogation before PCI and were eligible for enrollment. All patients
were treated by stent deployment within 12h after the onset of symptoms. Patients with medi-
cal histories of cerebral hemorrhage, massive cerebral infarction within 3 months, active viscer-
al bleeding within 1 month, and intolerance with dual anti-platelet therapy (aspirin and
clopidogrel) were excluded for this study. IVUS catheter failed to pass through the targeted le-
sions/plaques were excluded for this study too.
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PCI procedure

CAG and primary PCI were performed according to the standard guidelines with antiplatelet
therapy and administration of periprocedural anticoagulants [1-3]. All patients were pre-
scribed aspirin (loading dose, 200 mg) plus clopidogrel (loading dose, 300 or 600 mg) before or
during PCI. All infarct lesions were treated with stent implantation (sirolimus-eluting stents,
Cypher stent, Cordis, Johnson and Johnson, Miami Lakes, FL).

Pre- and post-PCI CAG examinations

A Philips H3000 digital cardiac imaging system (Philips Medical System Nederland; Veenpluis
4-6, 5680 DA Best) was used at an acquisition speed of 15 frames/s for angiography. All pa-
tients underwent PCI through the upper extremity arteries or femoral artery. Culprit vessels
(infarct-related arteries) were defined as those vessels corresponding to elevated surface ECG
ST-segments, acute occluded blood vessels or vessels with visual thrombosis in the ultrasound
images [9]. A computer-aided cardiovascular angiography analysis system was used to analyze
the angiography data and to perform TIMI flow grade statistics immediately after coronary
stenting [10]. No-reflow was defined as a residual stenosis <10% after responsible coronary
stent implantation with no vascular dissection, while maintaining a forward blood flow <TIMI
flow grade 2 [11].

Pre-PCI IVUS examination

A 3F 30-MHz IVUS catheter CLEARVIEW (Boston Scientific, Boston, Massachusetts) was ad-
vanced to the distal culprit artery, and the insertion method was similar to PCI surgery. Specifi-
cally, when CAG was accomplished, ordinary heparin sodium (70 u/kg) was injected into the
artery, a 0.014-in guide-wire was imported to the distal culprit artery, and the IVUS catheter
was guided along with the guide-wire to the distal end of the examined coronary artery. Full
360-degree cross-sectional images of blood vessels were obtained by an automatic back-to-the-
point system at a track speed of 1 mm/s. Patients with either spontaneous revascularization or
no revascularization were required to complete each IVUS examination. If the IVUS catheter
failed to pass through the lesion, the patient was excluded from the study. IVUS images were
initially saved in a medical DICOM format and then recorded onto CDs or other digital media
for offline analysis. Two experienced physicians who were unaware the clinical data and CAG
images of the patients assessed the IVUS images separately. Computer software analysis was
used to quantitatively and qualitatively diagnose coronary artery disease with parameters like
the reference segment vessel area, total vessel cross-sectional area (VA), minimal luminal
cross-sectional area (MLA), plaque cross-sectional area (PA, PA = VA-MLA), and lesion
length. With playback IVUS images, we automatically generated the vascular volume (VV) and
lumen volume (LV) using software after continuous measurement of the vascular area and le-
sion length measurements. The plaque volume was also calculated (PV; PV = VV-LV). Plaque
traits included calcified plaque, hard plaque, and soft plaque, the degree of plaque eccentricity,
fibrous cap thickness, and the presence or absence of a lipid pool. The ultrasound echo from a
calcified plaque is stronger than the echo from the vascular adventitia, which is accompanied
by an acoustic shadow and the sonic range > 90°. The echo from a hard plaque is similar to the
vascular adventitia echo, but no acoustic shadow is present. The echo of a soft plaque appears
weaker than the vascular adventitia echo. Thrombosis showed homogeneity with loose floccu-
lence spots and scintillation echoes based on the low echo. A plaque rupture lacuna attached to
the lumen lacuna results in a visible residual fibrous cap [12, 13].
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Table 1. Comparison of clinical data and coronary lesions between the 2 groups.

Age

Female

Diabetes

Hypertension

Smoking

Hyperlipidemia

Pre-infarction angina

Enzyme peak (u/L)

Symptom onset to reperfusion time (h)
TIMIO Grade before stenting

doi:10.1371/journal.pone.0119223.t001

No-reflow (n = 14) Normal Blood flow (n = 106) X2 value p value
64.6 £ 10.1 62.7 £ 10.2 0.66 > 0.05
6 (42.8%) 43 (40.5%) 0.03 > 0.05
6 (42.8%) 40 (37.7%) 0.14 >0.05
5 (35.7%) 38 (36.5%) 0.00 > 0.05
5 (35.7%) 39 (37.5%) 0.00 > 0.05
8 (567.1%) 61 (58.6%) 0.00 > 0.05
8 (57.1%) 62 (59.6%) 0.00 >0.05
2255 + 1210 2143 + 1322 0.32 > 0.05
6.6 + 3.1 4327 2.64 <0.05
10 (71.4%) 51 49.0%) 2.68 < 0.05

Statistical Analysis

Statistical analyses of the measured data were performed using SPSS10.0 software; all numeri-
cal data were expressed as the mean + SEM (the standard error of the mean). The averages
from the two groups were compared by t tests. Enumeration data were compared by x” tests
and p< 0.05 was considered statistically significant.

Results
Patient characteristics and Quantitative CAG analysis

Using Quantitative CAG analysis, no-reflow was defined as post-PCI TIMI grade 0, 1, or 2
flow in the absence of mechanical obstruction. Normal reflow was defined as TIMI grade 3
flow [14, 15]. On this basis, patients were divided into two groups, a no-reflow group (n = 14,
11.6%) and a normal reflow group (n = 106, 88.4%95). The differences in the medical history
(no-flow vs. normal-flow; hypertension 35.7% vs.36.5%; diabetes 42.8% vs. 37.7%; hyperlipid-
emia 57.1% vs. 58.6%; smoking 35.7% vs. 37.5%; pre-infarction angina 57.1% vs. 59.6%; and
creatine phosphate muscle enzyme peak value 2255 + 1210 vs. 2143 + 1322) in the two groups
were not statistically significant (all p> 0.05) (Table 1).

The symptom onset to reperfusion time was longer in the no-reflow group, and the differ-
ence between the two groups was statistically significant (p< 0.05) and a higher incidence of
TIMI flow grade 0 before treatment was found in the no-reflow group, and the difference be-
tween the two groups was statistically significant (p< 0.05) (Table 1).

IVUS analysis

The reference vascular area (no-flow vs. normal-flow; 15.5 + 3.2 vs. 16.2 £ 3.3, p> 0.05) and
lesion length (21.9 £ 5.1 vs. 19.5 + 4.8, p> 0.05) between the two groups. No-reflow patients
had a longer symptom onset to reperfusion time compared to normal blood-flow group

[(6.6 £ 3.1)h vs (4.3 £ 2.7)h; p< 0.05] and higher incidence of TIMI flow grade< 3 (71.4% vs
49.0%, p< 0.05). The no-reflow group had a significantly increased coronary plaque area and
plaque volume compared to normal blood-flow group [(13.7 + 3.0) mm” vs (10.2 + 2.9) mm?;
(285.4 + 99.8) mm® vs (189.7 + 86.4) mm>; p< 0.01] (Table 2). The presence of IVUS-detected
soft plaque (57.1% vs. 24.0%, p< 0.01), eccentric plaque (64.2% vs. 33.7%, p< 0.05), plaque
rupture (50.0% vs. 21.2%, p< 0.01), and thrombosis (42.8% vs. 15.3%) were significantly more
common in no-reflow group. The difference of calcified plaque between the two groups was
not statistically significant (p> 0.05) (Table 3).
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Table 2. Comparison of coronary lesions measured by IVUS between the 2 groups.

Reference vascular area (mm?)
Lesion length (mm)

Plaque area (mm2)

Plague volume (mm3)

doi:10.1371/journal.pone.0119223.t002

No-reflow (n = 14) Normal Blood flow (n = 106) t value p value
155+ 3.2 16.2+ 3.3 0.76 > 0.05
21.9+5.1 19.5+4.8 1.66 > 0.05
13.7+ 3.0 102+29 4.11 <0.01
285.4 +99.8 189.7 £ 86.4 3.42 <0.01

Fig 1 showed a reprehensive no-reflow case. A 55-year-old male patient with "acute inferior
myocardial infarction". Emergency CAG revealed occlusions of the proximal right coronary ar-
tery (Fig 1A). IVUS detected the thrombosis shadow, thin fibrous cap and longitudinal image
of the plaque (Fig 1B). Fig 2 showed PCI procedure of the same patient in Fig 1, the patient un-
derwent coronary thrombus aspiration (Fig 2A), balloon dilatation (Fig 2B), stent implantation
(Fig 2C), and no-reflow imaging (Fig 2D).

Discussion

IVUS findings can explain the mechanism of the no-reflow phenomenon by monitor coronary
artery morphology and the characteristics of plaque composition. CAG is considered the gold
standard for diagnosing coronary artery disease. However, CAG can only estimate the coro-
nary lumen size [16]. IVUS not only reflects changes in the vascular lumen, it also reflects the
cross-sectional structure of the blood vessels, including plaques [17]. Plaque detection, IVUS
and pathological diagnosis are very well correlated. IVUS can be used to produce real-time,
low-magnification pathologic images of vascular structures because IVUS has a high sensitivity
and specificity for detecting plaque ruptures and thrombosis [17]. IVUS is an important tool
for investigating the mechanism of coronary heart disease and determining the interventional
treatment [18].

The aim of reperfusion treatment of PCI for AMI is to quickly and fully restore myocardial
blood flow to avoid further myocardial necrosis and dysfunction; therefore, no-reflow after
PCI affects the clinical treatment efficacy [14, 15]. No-reflow is generally defined as a residual
stenosis< 10% after responsible coronary stent implantation with no vascular dissection and
little to no advanced blood perfusion into the myocardium [19]. As a complication, no-reflow
can lead to blood pressure decreases and cardiogenic shock as well as increased in-hospital
mortality and re-MI [20]. No-reflow is also a predictor of continued ischemia, infarction exten-
sion, ventricular remodeling and cardiac dysfunction as well as a mark of serious cardiac and
microvascular injury [21]. Currently, angiography is the most common and invaluable method
for detecting no-reflow [16]. However, using forward flow < TIMI flow grade 2 as a categoriza-
tion method for evaluating coronary, no-reflow does not fully explain its mechanism [22]. It is
possible that coronary a peripheral thrombus or the plaque composition causes occlusion,
myocardial microcirculation disorders, cardiac syncope, and ischemia-reperfusion injury (e.g.,

Table 3. Comparison of coronary lesions traits in IVUS between the 2 groups.

No-reflow (n = 14) Normal Blood flow (n = 106) x2 value p value
Calcified plaque 6 (42.8%) 0 (38.5%) 0.14 > 0.05
Soft plaque 8 (57.1%) 5 (24.0%) 6.98 <0.01
Eccentric plaque 9 (64.2%) 35 (33.7%) 5.20 <0.05
Plaque rupture 7 (50.0%) 2 (21.2%) 5.71 <0.05
Thrombosis 6 (42.8%) 6 (15.3%) 6.36 <0.05

doi:10.1371/journal.pone.0119223.t003
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Fig 1. Pre-CAG and IVUS of a reprehensive no-reflow case. A 55-year-old male patient was admitted for
"acute inferior myocardial infarction". Emergency CAG revealed the occlusions of the proximal right coronary
artery (arrow, Fig 1A). IVUS detected the thrombosis shadow (red arrow) and thin fibrous cap (blue arrow);
the longitudinal image served as the localization of the plaque (yellow line) (Fig 1B).

doi:10.1371/journal.pone.0119223.9001

freedom injury, vascular endothelial tissue injury, inflammatory cell infiltration, and myocardi-
al edema) [23, 24]. With the development of coronary and myocardial perfusion and coronary
morphology evaluation tools, an increasing number of studies show that micro-thrombi (15 ~
100um) caused by unstable plaque ruptures in the intervention process play a very important
role in the mechanism of myocardial reperfusion [25, 26].

Clinical observations show that the age, heart failure, symptom onset to reperfusion time,
collateral circulation, pre-infarction angina, Q-wave count, wall motion score and ST-segment
elevations are related to coronary heart disease events and the clinical prognosis of the patient
after emergency PCI [27]. These factors also affect the functional status of ischemic myocardial
tissue microcirculation, but the exact relationship to the no-reflow phenomenon is still
unclear.

In this study, the incidence of no-reflow phenomenon was 11.6%, and the no-reflow phe-
nomenon occurred in patients who had larger thrombi or plaques. The symptom onset to
reperfusion time was longer in the no-reflow group than that in normal blood-flow group
(p< 0.05). The primary reason for this was that the time to hospital in the no-reflow group
was later. A higher incidence of TIMI flow grade 0 before treatment was found in the no-reflow
group than that in normal blood-flow group (p< 0.05). The reference vascular area and lesion
length between the two groups were no signicant differences. No-reflow patients had a signifi-
cantly longer symptom onset to reperfusion time compared to normal blood-flow group and a
higher incidence of TIMI flow grade< 3 was found. The no-reflow group had a significantly in-
creased coronary plaque area and plaque volume compared to normal blood-flow group. The
soft plaque, eccentric plaque, plaque rupture, and thrombosis were significantly more common
in no-reflow group compared to normal blood-flow group. The difference of calcified plaque
between the two groups was not statistically significant. This indicates that the mechanism of
no-reflow may be involved in the interventional treatment, which leads to thrombotic or pla-
que components into peripheral blood vessels and causes thrombosis. A previous study showed
that a porridge-like substance from the coronary artery could be drawn using the Rescue
thrombus aspiration catheter in no-reflow patients with acute coronary syndrome after suc-
cessful PCI, and the pathology analysis showed that the aspiration tissue contained many plate-
lets, high fibrinogen levels and many cholesterol crystals [28]. This observation demonstrates
that the no-reflow phenomenon is not only related to thrombosis, it is related to the composi-
tion of atherosclerotic plaques, which appear as hypoechoic plaques in IVUS. Tanaka et al con-
ducted IVUS in 100 patients with AMI [1]. The findings from this study suggested that plaques
appear as eccentricities, lipid pool-like images, plaque ruptures, dissections, positive vascular
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Fig 2. PCl intervention therapy of the same patient in Fig 1. Coronary thrombus aspiration was shown
(arrow, Fig 2A), balloon dilatation (arrow, Fig 2B), stent implantation (arrow, Fig 2C), and no-reflow imaging
(arrow, Fig 2D).

doi:10.1371/journal.pone.0119223.9002

remodeling and other features. Patients with slow blood flow had the aforementioned charac-
teristics, and 13 no-reflow phenomenon cases showed large lipid pool shadows in the blood
vessels and plaque burden with microcirculation disturbance after PCI. Nakamura et al.’s study
reported consistent results and verified this observation [29]. There are other reports that the
no-reflow phenomenon of IRA after PCI is correlated with positive vascular remodeling and
plaque volume reduction, indicating that a component of the no-reflow phenomenon may be
related to distal vascular embolization [30, 31] Therefore, preoperative IVUS and coronary an-
giography are important for preventing peripheral vascular thrombosis in patients with larger
thrombus lesions or plaque areas. In addition, it is very important to consider adequate antic-
oagulation and the use of devices that prevent distal embolization. Although some attempts
have been made to reduce slow flow after PCI, such as with the use of distal protection devices
that reduce distal microvascular thrombosis, the current randomized clinical trials have not
shown positive results [32]. Drug prevention in clinical practice may have some value. A study
by Shinozaki et al directly performed PCI in patients with AMI and used sodium nitroprusside
to reduce the occurrence of slow flow or no-reflow before balloon dilatation [33]. Because sodi-
um nitroprusside can improve microcirculation, slow coronary flow phenomena may be relat-
ed to microcirculation disturbances.

No-reflow is also related to the reperfusion time, suggesting the important concept of "time
is life, time is myocardial viability" [34]. It is crucial in clinical practice to perform emergency
PCI green channels and making efforts to shorten the ischemic time. It is generally accepted
that the larger the infarct area, the higher the incidence of no-reflow. Our study observed there
is on definite relationship between the infarct area and no-reflow by myocardial enzyme peak
observation. The use of ischemic preconditioning mechanisms may improve microcirculation
and reduce the no-reflow phenomenon in pre-infarction angina [23]. However, the relation-
ship between ischemic preconditioning mechanisms and the no-reflow phenomenon requires
turther studies to confirm our results.
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AMI therapy not only requires rapid and sustained vessel opening but also requires recover-

ing the microvascular blood flow and myocardial tissue perfusion, which necessitates more ef-
fective reperfusion methods and strategies.

Author Contributions

Conceived and designed the experiments: JL. Performed the experiments: JL LW XT JZ YS.
Analyzed the data: JL LW. Contributed reagents/materials/analysis tools: JL LW XT JZ YS.
Wrote the paper: JL.

References

1.

10.

11.

12

13.

14.

15.

Tanaka A, Kawarabayashi T, Nishibori Y, Sano T, Nishida Y, Fukuda D, et al. No-reflow phenomenon
and lesion morphology in patients with acute myocardial infarction. Circulation. 2002; 105:2148-52.
PMID: 11994247

Maekawa Y, Asakura Y, Anzai T, Ishikawa S, Okabe T, Yoshikawa T, et al. Relation of stent overexpan-
sion to the angiographic no-reflow phenomenon in intravascular ultrasound-guided stent implantation
for acute myocardial infarction. Heart Vessels. 2005; 20:13-8. PMID: 15700197

Safi AM, Kwan TW. "No-reflow" phenomenon following percutaneous coronary intervention: an uncom-
mon complication. Angiology. 2000; 51:247-52. PMID: 10744013

Ndrepepa G, Tiroch K, Keta D, Fusaro M, Seyfarth M, Pache J, et al. Predictive factors and impact of
no reflow after primary percutaneous coronary intervention in patients with acute myocardial infarction.
Circ Cardiovasc Interv. 2010; 3:27-33. doi: 10.1161/CIRCINTERVENTIONS.109.896225 PMID:
20118156

Niccoli G, Cosentino N, Spaziani C, Minelli S, Fracassi F, Crea F. New strategies for the management
of no-reflow after primary percutaneous coronary intervention. Expert Rev Cardiovasc Ther. 2011;
9:615-30. doi: 10.1586/erc.11.49 PMID: 21615325

Fishbein MC. The vulnerable and unstable atherosclerotic plaque. Cardiovasc Pathol. 2010; 19:6—11.
doi: 10.1016/j.carpath.2008.08.004 PMID: 18835793

Tanaka A, Tearney GJ, Bouma BE. Challenges on the frontier of intracoronary imaging: atherosclerotic
plague macrophage measurement by optical coherence tomography. J Biomed Opt. 2010; 15:011104.
doi: 10.1117/1.3290810 PMID: 20210430

Wang L, Wu Z, Yang C, Zheng J, Bach R, Muccigrosso D, et al. IVUS-based FSI models for human cor-
onary plaque progression study: components, correlation and predictive analysis. Ann Biomed Eng.
2015; 43:107-21. doi: 10.1007/s10439-014-1118-1 PMID: 25245219

Wentzel JJ, Gijsen FJ, van der Giessen R, Rodriguez-Granillo G, Schuurbiers JC, Regar E, et al. Posi-
tive remodeling at 3 year follow up is associated with plaque free coronary wall segment at baseline: a
serial IVUS study. Atherosclerosis. 2014; 236:82—90. doi: 10.1016/j.atherosclerosis.2014.06.013
PMID: 25016362

Health Quality O. Multidetector Computed Tomography for Coronary Artery Disease Screeningin
Asymptomatic Populations: Evidence-Based Analysis. Ont Health Technol Assess Ser. 2007; 7:1-56.

Tu S, Barbato E, Koszegi Z, Yang J, Sun Z, Holm NR, et al. Fractional flow reserve calculation from 3-
dimensional quantitative coronary angiography and TIMI frame count: a fast computer model to quantify
the functional significance of moderately obstructed coronary arteries. JACC Cardiovasc Interv. 2014;
7:768-77. doi: 10.1016/j.jcin.2014.03.004 PMID: 25060020

Ahn JM, Kang SJ, Yoon SH, Park HW, Kang SM, Lee JY, et al. Meta-analysis of outcomes after intra-
vascular ultrasound-guided versus angiography-guided drug-eluting stent implantation in 26,503 pa-
tients enrolled in three randomized trials and 14 observational studies. Am J Cardiol. 2014; 113:1338—
47. doi: 10.1016/j.amjcard.2013.12.043 PMID: 24685326

Wever-Pinzon O, Romero J, Kelesidis |, Wever-Pinzon J, Manrique C, Budge D, et al. Coronary com-
puted tomography angiography for the detection of cardiac allograft vasculopathy: a meta-analysis of
prospective trials. J Am Coll Cardiol. 2014; 63:1992—2004. doi: 10.1016/j.jacc.2014.01.071 PMID:
24681148

Montalescot G, van 't Hof AW, Lapostolle F, Silvain J, Lassen JF, Bolognese L, et al. Prehospital tica-
grelor in ST-segment elevation myocardial infarction. N Engl J Med. 2014; 371:1016-27. doi: 10.1056/
NEJMoa1407024 PMID: 25175921

Waltenberger J, Gelissen M, Bekkers SC, Vainer J, van Ommen V, Eerens F, et al. Clinical pacing
post-conditioning during revascularization after AMI. JACC Cardiovasc Imaging. 2014; 7:620-6. doi:
10.1016/j.jcmg.2014.01.017 PMID: 24925330

PLOS ONE | DOI:10.1371/journal.pone.0119223 June 2,2015 8/9


http://www.ncbi.nlm.nih.gov/pubmed/11994247
http://www.ncbi.nlm.nih.gov/pubmed/15700197
http://www.ncbi.nlm.nih.gov/pubmed/10744013
http://dx.doi.org/10.1161/CIRCINTERVENTIONS.109.896225
http://www.ncbi.nlm.nih.gov/pubmed/20118156
http://dx.doi.org/10.1586/erc.11.49
http://www.ncbi.nlm.nih.gov/pubmed/21615325
http://dx.doi.org/10.1016/j.carpath.2008.08.004
http://www.ncbi.nlm.nih.gov/pubmed/18835793
http://dx.doi.org/10.1117/1.3290810
http://www.ncbi.nlm.nih.gov/pubmed/20210430
http://dx.doi.org/10.1007/s10439-014-1118-1
http://www.ncbi.nlm.nih.gov/pubmed/25245219
http://dx.doi.org/10.1016/j.atherosclerosis.2014.06.013
http://www.ncbi.nlm.nih.gov/pubmed/25016362
http://dx.doi.org/10.1016/j.jcin.2014.03.004
http://www.ncbi.nlm.nih.gov/pubmed/25060020
http://dx.doi.org/10.1016/j.amjcard.2013.12.043
http://www.ncbi.nlm.nih.gov/pubmed/24685326
http://dx.doi.org/10.1016/j.jacc.2014.01.071
http://www.ncbi.nlm.nih.gov/pubmed/24681148
http://dx.doi.org/10.1056/NEJMoa1407024
http://dx.doi.org/10.1056/NEJMoa1407024
http://www.ncbi.nlm.nih.gov/pubmed/25175921
http://dx.doi.org/10.1016/j.jcmg.2014.01.017
http://www.ncbi.nlm.nih.gov/pubmed/24925330

@’PLOS ‘ ONE

IVUS of the No-Reflow Phenomenon in AMI

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

HouY,MaY, Fan W, Wang Y, Yu M, Vembar M, et al. Diagnostic accuracy of low-dose 256-slice multi-
detector coronary CT angiography using iterative reconstruction in patients with suspected coronary ar-
tery disease. Eur Radiol. 2014; 24:3—11. doi: 10.1007/s00330-013-2969-9 PMID: 23887663

Groves EM, Seto AH, Kern MJ. Invasive testing for coronary artery disease: FFR, IVUS, OCT, NIRS.
Cardiol Clin. 2014; 32:405-17. doi: 10.1016/j.ccl.2014.04.005 PMID: 25091966

Fleg JL, Stone GW, Fayad ZA, Granada JF, Hatsukami TS, Kolodgie FD, et al. Detection of high-risk
atherosclerotic plaque: report of the NHLBI Working Group on current status and future directions.
JACC Cardiovasc Imaging. 2012; 5:941-55. doi: 10.1016/j.jcmg.2012.07.007 PMID: 22974808

Wang J, Liu H, Salerno TA, Xiang B, Li G, Gruwel M, et al. Does normothermic normokalemic simulta-
neous antegrade/retrograde perfusion improve myocardial oxygenation and energy metabolism for hy-
pertrophied hearts? Ann Thorac Surg. 2007; 83:1751-8. PMID: 17462393

Harrison RW, Aggarwal A, Ou FS, Klein LW, Rumsfeld JS, Roe MT, et al. Incidence and outcomes of
no-reflow phenomenon during percutaneous coronary intervention among patients with acute myocar-
dial infarction. Am J Cardiol. 2013; 111:178-84. doi: 10.1016/j.amjcard.2012.09.015 PMID: 23111142

Akpek M, Kaya MG, Lam YY, Sahin O, Elcik D, Celik T, et al. Relation of neutrophil/lymphocyte ratio to
coronary flow to in-hospital major adverse cardiac events in patients with ST-elevated myocardial in-
farction undergoing primary coronary intervention. Am J Cardiol. 2012; 110:621-7. doi: 10.1016/j.
amijcard.2012.04.041 PMID: 22608360

Kloner RA. No-reflow phenomenon: maintaining vascular integrity. J Cardiovasc Pharmacol Ther.
2011; 16:244-50. doi: 10.1177/1074248411405990 PMID: 21821523

Jaffe R, Dick A, Strauss BH. Prevention and treatment of microvascular obstruction-related myocardial
injury and coronary no-reflow following percutaneous coronary intervention: a systematic approach.
JACC Cardiovasc Interv. 2010; 3:695—704. doi: 10.1016/}.jcin.2010.05.004 PMID: 20650430

Kapoor N, Yalamanchili V, Siddiqui T, Raza S, Leesar MA. Cardioprotective effect of high-dose intra-
graft adenosine infusion on microvascular function and prevention of no-reflow during saphenous vein
grafts intervention. Catheter Cardiovasc Interv. 2014; 83:1045-54. doi: 10.1002/ccd.25248 PMID:
24307656

von Elverfeldt D, Maier A, Duerschmied D, Braig M, Witsch T, Wang X et al. Dual-contrast molecular
imaging allows noninvasive characterization of myocardial ischemia/reperfusion injury after coronary
vessel occlusion in mice by magnetic resonance imaging. Circulation. 2014; 130:676—87. doi: 10.1161/
CIRCULATIONAHA.113.008157 PMID: 24951772

Park HC, Shin JH, Jeong WK, Choi SI, Kim SG. Comparison of morphologic findings obtained by opti-
cal coherence tomography in acute coronary syndrome caused by vasospasm and chronic stable vari-
ant angina. Int J Cardiovasc Imaging. 2015; 31:229-37. doi: 10.1007/s10554-014-0543-4 PMID:
25293371

Muthusamy P, Busman DK, Davis AT, Wohns DH. Assessment of clinical outcomes related to early dis-
charge after elective percutaneous coronary intervention: COED PCI. Catheter Cardiovasc Interv.
2013; 81:6-13. doi: 10.1002/ccd.24537 PMID: 22745040

Kotani J, Nanto S, Mintz GS, Kitakaze M, Ohara T, Morozumi T, et al. Plaque gruel of atheromatous cor-
onary lesion may contribute to the no-reflow phenomenon in patients with acute coronary syndrome.
Circulation. 2002; 106:1672—7. PMID: 12270861

Nakamura T, Kubo N, Ako J, Momomura S. Angiographic no-reflow phenomenon and plaque charac-
teristics by virtual histology intravascular ultrasound in patients with acute myocardial infarction. J Interv
Cardiol. 2007; 20:335-9. PMID: 17880329

Katayama T, Kubo N, Takagi Y, Funayama H, Ikeda N, Ishida T, et al. Relation of atherothrombosis bur-
den and volume detected by intravascular ultrasound to angiographic no-reflow phenomenon during
stent implantation in patients with acute myocardial infarction. Am J Cardiol. 2006; 97:301—4. PMID:
16442385

Wu X, Maehara A, He Y, Xu K, Oviedo C, Witzenbichler B, et al. Plague shift and distal embolism in pa-
tients with acute myocardial infarction: a volumetric intravascular ultrasound analysis from the HORI-
ZONS-AM I trial. Catheter Cardiovasc Interv. 2013; 82:203-9. doi: 10.1002/ccd.24644 PMID: 22936619

Stone GW, Webb J, Cox DA, Brodie BR, Qureshi M, Kalynych A, et al. Distal microcirculatory protection
during percutaneous coronary intervention in acute ST-segment elevation myocardial infarction: a ran-
domized controlled trial. JAMA. 2005; 293:1063-72. PMID: 15741528

Shinozaki N, Ichinose H, Yahikozawa K, Shimada H, Hoshino K. Selective Intracoronary Administration
of Nitroprusside Before Balloon Dilatation Prevents Slow Reflow During Percutaneous Coronary Inter-
vention in Patients With Acute Myocardial Infarction. Int Heart J. 2007; 48:423-33. PMID: 17827814

Silber S. Evidence-based management of ST-segment elevation myocardial infarction (STEMI). Latest
guidelines of the European Society of Cardiology (ESC) 2010. Herz. 2010; 35:558—64. doi: 10.1007/
s00059-010-3401-8 PMID: 21107514

PLOS ONE | DOI:10.1371/journal.pone.0119223 June 2,2015 9/9


http://dx.doi.org/10.1007/s00330-013-2969-9
http://www.ncbi.nlm.nih.gov/pubmed/23887663
http://dx.doi.org/10.1016/j.ccl.2014.04.005
http://www.ncbi.nlm.nih.gov/pubmed/25091966
http://dx.doi.org/10.1016/j.jcmg.2012.07.007
http://www.ncbi.nlm.nih.gov/pubmed/22974808
http://www.ncbi.nlm.nih.gov/pubmed/17462393
http://dx.doi.org/10.1016/j.amjcard.2012.09.015
http://www.ncbi.nlm.nih.gov/pubmed/23111142
http://dx.doi.org/10.1016/j.amjcard.2012.04.041
http://dx.doi.org/10.1016/j.amjcard.2012.04.041
http://www.ncbi.nlm.nih.gov/pubmed/22608360
http://dx.doi.org/10.1177/1074248411405990
http://www.ncbi.nlm.nih.gov/pubmed/21821523
http://dx.doi.org/10.1016/j.jcin.2010.05.004
http://www.ncbi.nlm.nih.gov/pubmed/20650430
http://dx.doi.org/10.1002/ccd.25248
http://www.ncbi.nlm.nih.gov/pubmed/24307656
http://dx.doi.org/10.1161/CIRCULATIONAHA.113.008157
http://dx.doi.org/10.1161/CIRCULATIONAHA.113.008157
http://www.ncbi.nlm.nih.gov/pubmed/24951772
http://dx.doi.org/10.1007/s10554-014-0543-4
http://www.ncbi.nlm.nih.gov/pubmed/25293371
http://dx.doi.org/10.1002/ccd.24537
http://www.ncbi.nlm.nih.gov/pubmed/22745040
http://www.ncbi.nlm.nih.gov/pubmed/12270861
http://www.ncbi.nlm.nih.gov/pubmed/17880329
http://www.ncbi.nlm.nih.gov/pubmed/16442385
http://dx.doi.org/10.1002/ccd.24644
http://www.ncbi.nlm.nih.gov/pubmed/22936619
http://www.ncbi.nlm.nih.gov/pubmed/15741528
http://www.ncbi.nlm.nih.gov/pubmed/17827814
http://dx.doi.org/10.1007/s00059-010-3401-8
http://dx.doi.org/10.1007/s00059-010-3401-8
http://www.ncbi.nlm.nih.gov/pubmed/21107514

