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Over the past decades, a significant reduction in mortality 
due to ST elevation myocardial infarction (STEMI) has 
been observed worldwide (1,2). Prompt restoration of 
the epicardial coronary blood flow with timely primary 
percutaneous coronary intervention (PCI), as well as 
adjunctive pharmacological therapies have largely reduced 
the myocardial infarct size and improved short- and long-
term outcomes (3,4). Nevertheless, residual cardiovascular 
risk persists after STEMI. Efforts are therefore underway 
to enhance the implementation of existing evidence-based 
treatments (4,5) and generate novel therapies that prevent 
and mitigate PCI complications, such as microvascular 
obstruction (MVO) and the clinical no-reflow phenomenon. 
No-reflow occurs when the flow in the epicardial coronary 
artery (or graft) is restored but remains suboptimal at the 
myocardial or microcirculatory level. This is manifested 
during coronary angiography as slow contrast flow despite 
successful resolution of the epicardial artery occlusion. 
Earlier studies have suggested that the incidence of no-reflow 
is variable and ranges from 5–50% (6). The main underlying 
pathophysiology of no-reflow is believed to be MVO, which 
appears to have many putative pathways including: distal 
embolization, vasospasm, microvascular damage related 
to ischemia/infarction, and ischemia-reperfusion injury, 

coupled with a predisposition (genetic and/or acquired) of 
the coronary microcirculation to injury (6). To date, several 
studies have shown that the presence of MVO is associated 
with worse outcomes, independent of the infarct size. 
However, these reports were small sized, had methodological 
flaws and inconsistent findings, and lacked power to provide 
definitive evidence (7-10).

It is in this context that the study by de Waha et al. 
should be viewed (11). The investigators conducted a 
comprehensive patient-level meta-analysis inclusive of 
seven randomized clinical trials (RCTs) and 1,688 STEMI 
patients who underwent primary PCI followed by early 
imaging with cardiac magnetic resonance (CMR) (11). 
CMR using late gadolinium enhancement was performed at 
a median of 3 days. Overall, MVO was diagnosed in ~57% 
of patients and was more common among diabetic patients, 
those who had a longer symptom-to-device duration, and 
those with occlusion of the left anterior descending artery 
(LAD), and baseline Thrombolysis In Myocardial Infarction 
(TIMI) flow 0/1. At a median follow-up of 1-year, there 
was a stepwise increase in the risk of all-cause mortality and 
hospitalization for heart failure with the increasing degree 
of MVO. Consistent with prior smaller studies (7,8), MVO 
was independently associated with all-cause mortality, 
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even after adjusting for infarct size. Multiple putative 
mechanisms may explain the graded association between 
MVO severity and adverse events, as discussed by the 
investigators. Interestingly, MVO remained an independent 
predictor of mortality but not of HF hospitalization after 
forcing infarct size into the multivariable analyses. This may 
espouse the plausible theory that infarct tissue heterogeneity 
and consequent re-entrant lethal arrhythmias may be key 
pathogenetic factors. This is however difficult to ascertain 
in the absence of granular data on the various etiologies 
of all-cause mortality. Despite the limitations arising from 
pooling data across several trials with variable inclusion and 
exclusion criteria, the present study is the largest report to 
date examining the clinical impact of MVO. In addition, 
an independent core laboratory evaluated the CMR data, 
the clinical end points were adjudicated by an independent 
committee in each trial, and the findings were further 
corroborated in different patient subgroups, all of which 
add to the robustness of the study findings. 

Overall, de Waha et al. (11) demonstrated that MVO 
is not only more prevalent than previously believed but 
is also conclusively associated with adverse outcomes. 
Their seminal contribution raises numerous questions 
regarding its clinical implications: should a CMR be 
routinely performed after STEMI to diagnose MVO? How 
do clinicians prevent and treat MVO? What long-term 
strategies should be implemented in these patients? 

While CMR using late gadolinium enhancement is 
currently the most sensitive non-invasive imaging modality 
to assess coronary MVO (7,12,13), it is costly and its overall 
value as a routine strategy remains unproven. Serial cardiac 
troponin measurements and left ventricular function 
assessment (4,5), preferably with a non-invasive modality 
such as an echocardiogram, should be implemented in 
all STEMI patients and are clinically-useful surrogates 
of infarct size. Moreover, MVO can be diagnosed by a 
myriad of other clinical (e.g., incomplete resolution of ST 
segment elevation) and angiographic measures (e.g., TIMI 
myocardial perfusion grade 0 or 1), although these are less 
sensitive measures and do not provide a reliable quantitative 
assessment of MVO as CMR.  

The study by de Waha et al. (11) identified multiple 
factors associated with MVO, of which many are 
modifiable. Achieving prompt reperfusion is of paramount 
importance and constant attempts should be undertaken 
to improve timeliness of reperfusion for STEMI patients 
presenting to either PCI-capable or non-PCI-capable 
hospitals (4,5). Optimal blood glucose control prior to 

primary PCI was shown to lower the risk of no-reflow (14). 
Although hyperlipidemia was not associated with MVO in 
the current study, a prior meta-analysis found that statin 
use prior to primary PCI was associated with a lower risk 
of no-reflow (15). Additional approaches such as aspiration 
thrombectomy, deferred stenting strategy, and ischemic 
pre-conditioning have been shown to reduce the risk of no-
reflow; however, the improvement in angiographic measures 
with these strategies did not translate into improvement in 
clinical outcomes (16-18). In a patient level meta-analysis of 
three large RCTs, aspiration thrombectomy was associated 
with a trend towards reduced cardiovascular mortality in 
STEMI patients with high thrombus burden (19). Notably, 
the 2015 ACC/AHA/SCAI Focused Update on primary 
PCI gave a class IIb recommendation for the selective and 
bailout use of aspiration thrombectomy (20). It is therefore 
reasonable to attempt aspiration thrombectomy when heavy 
thrombus is visualized after primary PCI. Pharmacological 
interventions with intracoronary or intragraft vasodilators 
(e.g., verapamil, nicardipine, adenosine, nitroprusside) 
delivered into the distal epicardial vessel are advocated, 
although evidence supporting their use is derived from few 
small studies (21). Fibrinolytic agents and anticoagulation 
therapy have not been shown to reduce the incidence 
of no-reflow in animal models (22,23), but a small pilot 
study showed that intracoronary low-dose streptokinase 
administered post-PCI might improve myocardial 
reperfusion in STEMI patients (24). Glycoprotein IIb/IIIa 
receptor inhibitors can also be used as a bail out strategy on 
top of dual antiplatelet therapy (preferably with a novel oral 
P2Y12 receptor inhibitor) (4). Some experimental studies 
demonstrated that the initiation of therapeutic hypothermia 
minutes after restoring flow in a proximally-occluded 
coronary artery significantly reduced the incidence of no-
reflow, but did not affect infarct size (25). Overall, there is a 
paucity of effective therapies for MVO in STEMI patients 
and research validating novel therapies in this arena is 
urgently needed.

The identification of STEMI patients with MVO is 
important because of its prognostic value and potential 
therapeutic implications. Secondary prevention therapies, 
such as neuroendocrine inhibitors (e.g., beta blockers, 
ACE-I/ARB) and high-intensity statin therapy, are 
recommended by guidelines and constitute performance 
measures that should be implemented in all STEMI 
patients (4,5). Based on the current study findings, clinicians 
may argue that STEMI patients with MVO are at higher 
intermediate-term risk and may benefit from closer 
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longitudinal follow-up and more aggressive up-titration 
of evidence-based therapies, although this remains to be 
proven in future prospective studies. 

In summary, the meta-analysis by de Waha et al. (11) 
is a valuable contribution which demonstrates that MVO 
is a prevalent condition and has important prognostic 
implications in STEMI patients undergoing primary PCI. 
The findings of this study should direct our attention 
to focus on the development and validation of therapies 
that specifically target MVO and no-reflow and on the 
evaluation of their long-term impact.

Acknowledgements

None.

Footnote

Conflicts of Interest: The authors have no conflicts of interest 
to declare. 

References

1.	 Puymirat E, Simon T, Steg PG, et al. Association of 
changes in clinical characteristics and management with 
improvement in survival among patients with ST-elevation 
myocardial infarction. JAMA 2012;308:998-1006.

2.	 Szummer K, Wallentin L, Lindhagen L, et al. Improved 
outcomes in patients with ST-elevation myocardial 
infarction during the last 20 years are related to 
implementation of evidence-based treatments: experiences 
from the SWEDEHEART registry 1995-2014. Eur Heart 
J 2017;38:3056-65.

3.	 Keeley EC, Boura JA, Grines CL. Primary angioplasty 
versus intravenous thrombolytic therapy for acute 
myocardial infarction: a quantitative review of 23 
randomised trials. Lancet 2003;361:13-20.

4.	 American College of Emergency Physicians; Society for 
Cardiovascular Angiography and Interventions, O'Gara 
PT, Kushner FG, et al. 2013 ACCF/AHA guideline for 
the management of ST-elevation myocardial infarction: 
executive summary: a report of the American College 
of Cardiology Foundation/American Heart Association 
Task Force on Practice Guidelines. J Am Coll Cardiol 
2013;61:485-510. 

5.	 Jneid H, Addison D, Bhatt DL, et al. 2017 AHA/ACC 
Clinical Performance and Quality Measures for Adults With 
ST-Elevation and Non-ST-Elevation Myocardial Infarction: 

A Report of the American College of Cardiology/American 
Heart Association Task Force on Performance Measures. J 
Am Coll Cardiol 2017;70:2048-90. 

6.	 Niccoli G, Burzotta F, Galiuto L, et al. Myocardial no-
reflow in humans. J Am Coll Cardiol 2009;54:281-92.

7.	 Wu KC, Zerhouni EA, Judd RM, et al. Prognostic 
significance of microvascular obstruction by magnetic 
resonance imaging in patients with acute myocardial 
infarction. Circulation 1998;97:765-72.

8.	 Ndrepepa G, Tiroch K, Fusaro M, et al. 5-year prognostic 
value of no-reflow phenomenon after percutaneous 
coronary intervention in patients with acute myocardial 
infarction. J Am Coll Cardiol 2010;55:2383-9.

9.	 Bonanad C, Monmeneu JV, Lopez-Lereu MP, et al. 
Prediction of long-term major events soon after a first ST-
segment elevation myocardial infarction by cardiovascular 
magnetic resonance. Eur J Radiol 2016;85:585-92. 

10.	 Regenfus M, Schlundt C, Krähner R, et al. Six-Year 
Prognostic Value of Microvascular Obstruction After 
Reperfused ST-Elevation Myocardial Infarction as 
Assessed by Contrast-Enhanced Cardiovascular Magnetic 
Resonance. Am J Cardiol 2015;116:1022-7. 

11.	 de Waha S, Patel MR, Granger CB, et al. Relationship 
between microvascular obstruction and adverse events 
following primary percutaneous coronary intervention for 
ST-segment elevation myocardial infarction: an individual 
patient data pooled analysis from seven randomized trials. 
Eur Heart J 2017;38:3502-10.

12.	 Wu KC, Kim RJ, Bluemke DA, et al. Quantification and 
time course of microvascular obstruction by contrast-
enhanced echocardiography and magnetic resonance 
imaging following acute myocardial infarction and 
reperfusion. J Am Coll Cardiol 1998;32:1756-64.

13.	 Perazzolo Marra M, Lima JA, Iliceto S. MRI in acute 
myocardial infarction. Eur Heart J 2011;32:284-93. 

14.	 Malmberg K, Rydén L, Efendic S, et al. Randomized 
trial of insulin-glucose infusion followed by subcutaneous 
insulin treatment in diabetic patients with acute myocardial 
infarction (DIGAMI study): effects on mortality at 1 year. 
J Am Coll Cardiol 1995;26:57-65.

15.	 Li XD, Yang YJ, Hao YC, et al. Effect of pre-procedural 
statin therapy on myocardial no-reflow following 
percutaneous coronary intervention: a meta analysis. Chin 
Med J (Engl) 2013;126:1755-60.

16.	 Elgendy IY, Huo T, Bhatt DL, et al. Is aspiration 
thrombectomy beneficial in patients undergoing primary 
percutaneous coronary intervention? Meta-analysis of 
randomized trials. Circ Cardiovasc Interv 2015;8:e002258.



1346

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(3):1343-1346jtd.amegroups.com

Elgendy and Jneid. MVO in STEMI

17.	 Mahmoud AN, Saad M, Elgendy AY, et al. Deferred or 
immediate stent implantation for primary percutaneous 
coronary intervention: A meta-analysis of randomized 
trials. Catheter Cardiovasc Interv 2018;91:260-4.

18.	 Mentias A, Mahmoud AN, Elgendy IY, et al. Ischemic 
postconditioning during primary percutaneous coronary 
intervention. Catheter Cardiovasc Interv 2017;90:1059-67. 

19.	 Jolly SS, James S, Džavík V, et al. Thrombus aspiration 
in ST-segment-elevation myocardial infarction: An 
individual patient meta-analysis: thrombectomy trialists 
collaboration. Circulation 2017;135:143-52.

20.	 Levine GN, Bates ER, Blankenship JC, et al. 2015 ACC/
AHA/SCAI Focused update on primary percutaneous 
coronary intervention for patients with ST-elevation 
myocardial infarction: An update of the 2011 ACCF/AHA/
SCAI guideline for percutaneous coronary intervention 
and the 2013 ACCF/AHA guideline for the management 
of ST-elevation myocardial infarction. J Am Coll Cardiol 
2016;67:1235-50.

21.	 Rezkalla SH, Stankowski RV, Hanna J, et al. Management 
of No-Reflow Phenomenon in the Catheterization 
Laboratory. JACC Cardiovasc Interv 2017;10:215-23.

22.	 Kloner RA, Alker KJ. The effect of streptokinase on 
intramyocardial hemorrhage, infarct size, and the no-
reflow phenomenon during coronary reperfusion. 
Circulation 1984;70:513-21.

23.	 Hale SL, Kloner RA. Dabigatran treatment: effects on 
infarct size and the no-reflow phenomenon in a model 
of acute myocardial ischemia/reperfusion. J Thromb 
Thrombolysis 2015;39:50-4.

24.	 Sezer M, Oflaz H, Gören T, et al. Intracoronary 
streptokinase after primary percutaneous coronary 
intervention. N Engl J Med 2007;356:1823-34.

25.	 Hale SL, Herring MJ, Kloner RA. Delayed treatment with 
hypothermia protects against the no-reflow phenomenon 
despite failure to reduce infarct size. J Am Heart Assoc 
2013;2:e004234.

Cite this article as: Elgendy IY, Jneid H. Microvascular 
obstruction in ST elevation myocardial infarction patients 
undergoing primary percutaneous coronary intervention: 
another frontier to conquer? J Thorac Dis 2018;10(3):1343-
1346. doi: 10.21037/jtd.2018.03.58


