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EDITORIAL

“Goldilocks” Approach to Deferred Stenting
in ST-Segment-Elevation Myocardial

Infarction

Celina M. Yong

subscribed to the dogma “time is muscle” rec-

ognizing the urgency of reopening an occluded
artery in ST-segment—elevation myocardial infarc-
tion (STEMI). With the advent of primary angioplasty/
stenting’ and the implementation of systems of care
for STEMI,? outcomes have substantially improved.®
Despite the marked improvement in treatment times
and outcomes in STEMI, myocardial no-reflow re-
mains an important limitation to the current approach
to primary percutaneous coronary intervention. This
phenomenon, characterized by slow flow to the distal
myocardium, is noted in 5% to 30% of patients with
STEMI* and is associated with a significantly worse
mortality.> Myocardial no-reflow is thought to be a
result of various inciting factors including ischemic-
related injury leading to myocardial edema, reperfu-
sion injury leading to further cellular edema, as well
as intravascular hemorrhage, endothelial dysfunction,
and distal embolization, all resulting in microvascular
obstruction* (Figure).

Over decades, a variety of adjunctive approaches
have been studied to reduce this injury, includ-
ing angioplasty-assisted thrombolysis,® thrombus
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aspiration,” intracoronary llb/llla inhibitors,® and intra-
coronary vasodilators® but none of these strategies
have proven to be definitively successful.

As an alternative approach to reduce the no-reflow
phenomenon in STEMI, delayed stenting has also been
evaluated in a small number of randomized studies. In
a study of 101 patients in the DEFER-STEMI (Deferred
Stenting versus Immediate Stenting to Prevent No- or
Slow-Reflow in Acute ST-Segment Elevation Myocardial
Infarction) trial,'"! patients received deferred stent place-
ment after a median time of 9 hours from initial reperfu-
sion, with evidence of greater myocardial salvage (final
infarct size by cardiac magnetic resonance imaging in-
dexed to the initial area at risk) at 6 months. Following
this promising study, the DANAMI 3-DEFER (Deferred
versus Conventional Stent Implantation in Patients
with  ST-Segment Elevation Myocardial Infarction)
multicenter, open label, randomized controlled study
of 1215 patients in Denmark took a more ambitious
approach to questioning the value of deferred stent-
ing—in this case, stenting occurred 3 days after initial
reperfusion.’> However, at 3.5 years of follow-up, they
found no difference in their combined clinical end point
and only a minimally higher left ventricular ejection
fraction in the deferred stenting group at 1 year. Further
limiting this approach, 2% of the deferred group could
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The mechanisms leading to the pathogenesis of coronary microvascular obstruction leading to myocardial

no-reflow: (1) ischemia-related injury, (2) reperfusion-related injury, (3) distal embolization, and (4) individual

susceptibility to microvascular obstruction.

ET-1 indicates entothelin-1; and TXA2, thromboxane A2. Adapted from Niccoli et al with permission.'® Copyright ©2009

Elsevier.

not wait the full predefined deferral period, requiring
urgent stent implantation.

Indeed, the concept of a “MIMO” or minimally inva-
sive mechanical intervention™ to limit reperfusion injury
is not new; but if this conceptual approach has merit,
we have yet to get it right.'"* Perhaps the prior studies
waited too long to stent, and the hypothesis should be
retested with a much shorter time interval. If the delay
to stenting is too long, we risk prolonged ischemic in-
jury; but if the wait is too short, we risk overly aggres-
sive reperfusion that will lead to reperfusion injury. This
“Goldilocks” approach to determining the optimal time
to stenting (not too long and not too short) may in fact
be needed to get it “just right.”

In this issue of the Journal of the American Heart
Association (JAHA), Sezer et al. set out to test this
concept in a nuanced way.'® They hypothesized that
pressure-controlled, gradual reopening of an acutely
occluded coronary artery facilitates some reperfusion
to the distal myocardium (thus limiting ischemic injury),
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while avoiding the reperfusion injury resulting from
abrupt pressure changes. The goal is to identify the
right balance between the two so as to safely limit the
myocardial edema and intramyocardial hemorrhage
that lead to extravascular compression of the micro-
circulation. Essentially, gradual reperfusion may allow
time for stunned arterioles to restore their vasocon-
strictor response. In contrast to prior studies, the au-
thors chose to measure their outcomes in the form of
coronary hemodynamics with direct pressure and flow
monitoring in the vessel and selected a deferred stent-
ing period of only 30 minutes in light of animal models
suggesting that this short period is enough to allow
recovery of coronary autoregulation.'®”

Among 20 patients in the final analysis, half were
treated with an immediate stenting approach and half
with a pressure controlled reperfusion with delayed
stenting approach (PCRDS). For the PCRDS group, a
1.5 mm balloon was used to restore thrombolysis in
myocardial infarction 3 flow, after which stenting was
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delayed for 30 minutes to allow recovery of autoregu-
latory tone of the arterioles. The primary end point was
zero-flow pressure at the end of a 60-minute marking
period. The secondary end point was the hyperemic
microvascular resistance at the same time point. Zero-
flow pressure, defined as the calculated pressure at
which coronary flow would cease, was chosen on the
basis of earlier reports supporting this hemodynamic
marker to be the best predictor of myocardial infarct
size.!” Continuous pressure and flow signals were
measured every 10 minutes, as well as with hyperemia
every 20 minutes over the following hour and a half.
Indeed, they found that during the first 30 minutes,
there were differences in mean resting and hyperemic
distal pressures—those who had not yet been stented
demonstrated lower distal pressures. After delayed
stenting, distal pressures became comparable be-
tween the 2 groups. Zero-flow pressure and hyper-
emic microvascular resistance were significantly lower
with PCRDS when compared with immediate stenting.
The differences in zero-flow pressure, hyperemic mi-
crovascular resistance, and arteriolar resistance index
persisted through the end of the monitoring period,
suggesting better coronary microcirculatory protec-
tion. Additionally, peak biomarkers including tropo-
nin and creatine kinase were significantly lower in the
PCRDS group.

This study presented a novel approach to assess-
ing the microcirculatory response to reperfusion in
STEMI using detailed measurements and calculations
to report the distal coronary pressure, microvascular
resistance, and zero-flow pressure. Not only does this
study demonstrate a potential advantage of stepwise
reopening of the coronary artery over traditional im-
mediate stenting, it demonstrated—for the first time
in humans—the natural history of microvascular he-
modynamic changes that are seen after immediate
reperfusion of a totally occluded artery. The gradual
deterioration in microvascular perfusion over time after
abrupt restoration of coronary flow supports animal
findings demonstrating reperfusion injury leading to
microvascular dysfunction, edema, and intramyocar-
dial hemorrhage.

There remain important considerations related to this
study. First, the study protocol mandated a 30-minute
time delay from initial reperfusion to stenting in the
PCRDS arm. This time delay was chosen based on
earlier work suggesting recovery of coronary autoregu-
lation within 30 minutes of reperfusion.’® Yet, the ideal
delay remains uncertain, and it is possible that different
time intervals to reperfusion might influence the findings
reported in this study. Second, the authors used a stan-
dard 1.5 mm balloon size to achieve distal pressure in
all arteries. It is unknown whether this 1.5 mm balloon
would respond differently across various vessel sizes
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and the myocardial territories portended by these ves-
sels. Third, this small study was unable to address the
potential impact of PCRDS among women, with only
1 female patient enrolled in the trial. Given evidence
of sex differences in coronary microvascular function
(particularly coronary flow reserve) and potential asso-
ciation with long term outcomes in deferred lesions,'®
any future study must include a representative propor-
tion of female patients. Finally, prior studies aimed to
reduce myocardial no-reflow have shown encouraging
results when using surrogate end points'® but when
these methods were tested in larger clinical trials, the
results were disappointing.”® Although future studies of
PCRDS might focus on other more traditional markers
of tissue-level reperfusion including myocardial blush
grade or cardiac magnetic resonance imaging mea-
surements of infarct size, ultimately, clinical outcomes
will be the true test of impact.

This balloon-delayed stenting approach to limit
reperfusion injury must also be considered in the con-
text of competing strategies that use alternate mech-
anisms to reduce infarct size with delayed reperfusion.
Early studies of left ventricular unloading in animal
models have shown marked reduction of infarct size
through the reduction of left ventricular pressure and
volume to reduce myocardial oxygen demand.?® The
feasibility of using the Impella CP to achieve this in hu-
mans has recently been demonstrated.?’ The ongo-
ing Door-to-UnlLoad Pivotal Trial?® aims to randomize
~685 patients with anterior STEMI to Impella support
and delayed reperfusion versus immediate reperfu-
sion. Perhaps the ultimate answer will lie in finding
the right permutation of approaches to achieve de-
layed reperfusion, using more than one mechanism
of action.

In conclusion, we commend the authors for their
bold efforts to answer these critical questions among a
tenuous group of patients in the heat of an acute myo-
cardial infarction, and not giving up on the concept of
deferred stenting despite earlier negative studies. Their
findings reinsert a question mark into the currently
accepted treatment approach to primary percutane-
ous coronary intervention. In the end, Goldilocks got it
right, but we suspect the story on delayed stenting in
STEMI is just beginning.
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