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T he primary management goal in patients with ST-
elevation myocardial infarction (STEMI) is to restore

blood flow to the myocardium subtended by the occluded
epicardial artery using pharmacologic and mechanical
means. However, despite contemporary approaches with
primary percutaneous coronary intervention (PCI) and sub-
sequent medical therapy, the morbidity and mortality of
patients with STEMI have not changed significantly over
recent years.1 Moreover, 10% to 20% of patients who survive
to 5 years after STEMI will develop heart failure.2 There is
therefore a need to develop and validate methods that can
identify patients early who are at risk of subsequent adverse
events that might be reduced by targeted adjunctive
therapies.

Microvascular impairment at the time of STEMI is an
important determinant of subsequent prognosis. Cardiac
magnetic resonance imaging (CMR) is considered to be the
criterion standard for assessing the coronary microcirculation.
Microvascular obstruction on CMR is a strong predictor of
subsequent cardiovascular events even after controlling for
infarct size, and may even be a more potent prognostic
marker than patency status of the culprit epicardial artery.3

However, it is currently not realistic to incorporate CMR into
the routine care of patients with STEMI.

Angiographic methods for assessing microvascular dys-
function in the cardiac catheterization laboratory at the time
of STEMI include Thrombolysis in Myocardial Infarction (TIMI)
flow grade, TIMI frame count, and TIMI myocardial perfusion
grade.4 In a study of 456 patients with STEMI undergoing

primary PCI, 50% of patients had evidence of impaired
myocardial blush grade after reopening of the epicardial
artery,5 and patients with abnormal blush grade had a 3-fold
increase in 1-year mortality. However, these methods are
qualitative, not very reproducible outside of core laboratories,
and difficult to apply to an individual patient.

More recently, coronary wire-based methods such as the
index of microcirculatory resistance (IMR) have been devel-
oped to interrogate the coronary microcirculation. The IMR is
measured using a 0.014-inch pressure–temperature sensor
guidewire and represents the minimal coronary microcircula-
tory resistance of the myocardial territory being interrogated.6

To measure IMR, 3 mL of room temperature saline is injected
down the coronary artery during maximal hyperemia. A
thermodilution curve is created after each injection by the
temperature change, which allows quantification of the mean
transit time, which is inversely proportional to coronary flow.
The distal coronary pressure is measured simultaneously with
the same wire and when divided by the inverse of the mean
transit time, IMR is calculated.

IMR is more quantitative and reproducible than angio-
graphic parameters and easier to obtain in the acute setting
than CMR. IMR corresponds with the extent of coronary
microvasculature disruption in humans,6 and is stable and
reproducible in the presence of varying hemodynamic
conditions.7 In earlier studies, IMR measured immediately
after primary PCI correlated with myocardial infarct size as
measured by peak creatine kinase, whereas other less
quantitative or specific measures of the microcirculation
(including TIMI myocardial perfusion grade, TIMI frame
count, coronary flow reserve, and ST-segment resolution)
did not.8 An IMR >32 U has also been associated with
worse wall motion score on echocardiogram 3 months post
STEMI. IMR after primary PCI has a strong inverse
relationship with myocardial viability, as assessed by
fluorine-18 fluorodeoxyglucose positron emission tomography9

and predicts infarct size, left ventricular ejection fraction,
myocardial salvage, and the presence and extent of
microvascular obstruction and myocardial hemorrhage as
determined by CMR.10 In a multicenter study involving 253
patients with STEMI treated with primary PCI and with a
median follow-up of 2.8 years, it was found that an IMR >31
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was an independent predictor of death or rehospitalization,
and an IMR >40 was an independent predictor of death.

In this issue of the Journal of the American Heart
Association, Yew and colleagues undertook an elegant study
by following 278 patients with STEMI and treated with primary
PCI who underwent measures of microcirculatory function
including IMR and TIMI blush grade, and compared these with
the waveform of the thermodilution curves created when
measuring IMR with respect to their ability to predict CMR-
determined myocardial hemorrhage and microvascular
obstruction, as well as subsequent death or heart failure.11

The median follow-up was a little over 4 years.
The current study corroborated the findings of a previous

smaller study involving 88 patients, which demonstrated that
abnormal thermodilution wave morphology was associated
with microvascular impairment, as assessed by IMR and
CMR, and was predictive of subsequent adverse clinical
outcome.12 The current study is considerably larger and had
a significantly longer follow-up period compared with its
predecessor, and serves as an important validation of the
previous results.

The comprehensive multivariable analysis using several
different models demonstrated that infarct size, as assessed
by CMR, was the best predictor of clinical outcome. However,
when considering a method that can be used in the cardiac
catheterization laboratory, either a bimodal waveform of the
thermodilution curve or IMR could be used to predict poor
prognosis. A bimodal thermodilution waveform was associ-
ated with very high IMR (median 54, interquartile range 32–
101). It is therefore not surprising that the bimodal waveform
was a stronger predictor when included in the model with IMR
>40 to predict death or heart failure, as it is likely to reflect
greater microcirculatory disruption. Only 13% of patients had
a bimodal waveform, potentially limiting its use as a clinical
target.

The strengths of this study include its large size, reason-
ably long follow-up, and clinical outcome data. In addition, it
provides support for an adjunctive method in the catheter-
ization laboratory beyond IMR alone for further discriminating
patients at risk for adverse outcome after successful primary
PCI.

There are a few limitations in the current study that are
worth noting. First, the study originated from a single
center and thermodilution wave morphology was analyzed
by experienced analysts. It therefore remains uncertain
whether accurate discrimination between the different
waveforms can be achieved by other less experienced
centers. In addition, it is not clear how to classify a patient
if 1 of the 3 waveforms is bimodal, but the others are not.
Second, the mechanism underlying waveform abnormalities
such as the bimodal pattern remains unexplained. Last, the
authors did not present data such as symptom to

reperfusion or “door to balloon” time, and these factors
could have interacted with the measures of microcirculatory
disruption.

This article adds to the growing evidence that assess-
ment of the coronary microcirculation after primary PCI can
identify an at-risk population that could be the target of
additional treatments. Several adjunctive therapies have
been investigated in an attempt to improve STEMI out-
comes but have had disappointing results. However, a small
study by Sezer et al reported that patients randomized to
receive low-dose intracoronary thrombolysis after primary
PCI had improved microvascular reperfusion, as indicated
by lower IMR values, than those randomized to placebo.13

Moreover, the authors of the current study will soon report
the results of a randomized clinical trial investigating the
effect of intracoronary alteplase on CMR and invasive
coronary physiology surrogate markers (T-TIME ClinicalTria
ls.gov identifier NCT02257294). In addition, a clinical trial
randomizing patients with IMR >32 to a low-dose intra-
coronary thrombolytic or to placebo with clinical outcome
end points is currently under way (RESTORE-MI anzctr.org.a
u identifier ACTRN12618000778280). Hopefully, with read-
ily obtainable markers such as IMR and coronary thermod-
ilution waveform analysis and validation of adjunctive
methods to improve myocardial reperfusion beyond primary
PCI, patients with STEMI can enjoy improved long-term
outcomes.
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